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INTERNATIONAL ELECTROTECHNICAL COMMISSION  
 

____________ 
 

ULTRASONICS –  
FIELD CHARACTERIZATION –  

TEST METHODS FOR THE DETERMINATION OF THERMAL  
AND MECHANICAL INDICES RELATED TO  

MEDICAL DIAGNOSTIC ULTRASONIC FIELDS 
 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss ion  ( I EC)  i s  a  worl dwide  organ i zat i on  for  s tandard i zat i on  compri s i ng  
al l  nati onal  e l ectrotechn i cal  comm i ttees  ( I EC  Nati onal  Comm i ttees) .  The  object  of  I EC  i s  to  promote  
i n ternati onal  co-operat i on  on  al l  questi ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other  acti vi t i es ,  I EC  publ i shes  I n ternati onal  S tandards,  Techn ical  Speci f i cati ons,  
Techn i cal  Reports ,  Publ i cl y  Avai l abl e  Speci f i cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC  
Publ i cat i on(s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  may part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmental  and  non -
governmental  organ i zat i ons  l i a i s i ng  wi th  the  I EC al so  part i c i pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y  
wi th  the  I n ternati onal  Organ i zati on  for  Standard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by  
ag reement  between  the  two  organ i zat i ons .  

2)  The  formal  deci s i ons  or  ag reements  of  I EC  on  techn i cal  matters  express,  as  nearl y  as  poss i ble,  an  i n ternati onal  
consensus  of  opi n i on  on  the  re l evan t  subjects  s i nce  each  techn i cal  comm i ttee  has  represen tati on  from  al l  
i n terested  I EC  Nati onal  Comm i ttees.   

3 )  I EC Publ i cat i ons  have  the  form  of  recommendati ons  for  i n ternati onal  u se  and  are  accepted  by  I EC  Nati onal  
Comm i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  made  to  ensu re  that  the  techn i cal  con tent  of  I EC  
Publ i cat i ons  i s  accu rate,  I EC  cannot  be  he ld  responsibl e  for  the  way i n  wh i ch  they are  used  or fo r  any  
m i s i n terpretati on  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC Nati onal  Comm i ttees  undertake  to  apply I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t  poss ibl e  i n  thei r  nat i onal  and  reg i onal  publ i cati ons .  Any d i vergence  
between  any I EC  Publ i cat i on  and  the  correspond i ng  nat i onal  or reg i onal  publ i cat i on  shal l  be  c l earl y  i n d i cated  i n  
the  l atter.  

5)  I EC i tsel f  does  not  provide  any attestati on  of  con form i ty.  I ndependent  cert i f i cati on  bod ies  provi de  con form i ty  
assessment  servi ces  and ,  i n  some  areas,  access  to  I EC  marks  of  con form i ty.  I EC i s  not  respons i ble  for  any  
servi ces  carri ed  ou t  by i ndependent  cert i f i cati on  bod i es.  

6)  Al l  users  shou ld  ensure  that  they have  the  l atest  ed i t i on  of  th i s  publ i cat i on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  employees,  servants  o r  agen ts  i ncl ud i ng  i n d i vi dual  experts  and  
members  of  i ts  techn i cal  comm i ttees  and  I EC  Nati onal  Comm i ttees  for any personal  i n j u ry,  property  damage  or  
o ther damage  of  any natu re  whatsoever,  whether d i rect  or  i nd i rect,  or  for  costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  o f  the  publ i cat i on ,  u se  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cati on  or  any other I EC  
Publ i cati ons.   

8)  Atten ti on  i s  d rawn  to  the  Normati ve  references  c i ted  i n  th i s  publ i cati on .  Use  of  the  referenced  publ i cati ons  i s  
i nd i spensable  for  the  correct  appl i cat i on  of  th i s  publ i cat i on .  

9)  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  some  of  the  e l ements  of  th i s  I EC  Publ i cati on  may be  the  subject  of  
paten t  ri g h ts .  I EC  shal l  not  be  held  responsibl e  for  i den ti fyi ng  any or  a l l  such  paten t  ri gh ts .  

DISCLAIMER 
Th is  Consol idated  version  i s  not  an  official  IEC Standard  and  has  been  prepared  for  
user conven ience.  On ly the current  versions of  the standard  and  i ts  amendment(s)  
are  to  be  considered  the official  documents.  

Th is  Consol idated  version  of  IEC 62359 bears the ed i t ion  number 2. 1 .  I t  consists  of  the  
second  ed i tion  (201 0-1 0)  [documents  87/445/FDIS  and  87/453/RVD]  and  i ts   
corrigendum  1  (201 1 -03) ,  and  i ts  amendment  1  (201 7-09)  [documents 87/661 /FDIS and  
87/665/RVD] .  The techn ical  content  is  identical  to  the base ed i tion  and  i ts  amendment.  

In  th is  Red l ine version ,  a  vertical  l i ne i n  the marg in  shows where the technical  content  
is  modi fied  by amendment  1 .  Add i tions are i n  g reen  text,  deletions are in  strikethrough  
red  text.  A separate Final  version  wi th  al l  changes accepted  i s  avai lable in  th is  
publ ication .  
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I n ternati onal  standard  I EC  62359  has  been  prepared  by I EC  techn ical  comm i ttee  87:  
U l trason ics.  

Th is  second  ed i t i on  I t  consti tu tes  a  techn ical  revis i on .  

Major  changes  wi th  respect  to  the  previous  ed i ti on  i nclude  the  fo l l owing :  

•  The  methods  of  determ ination  set  ou t  i n  the  f i rst  ed i t i on  of  th is  s tandard  were  based  on  
those  con tained  i n  the  American  standard  for Real–Time  D isplay of  Thermal  and  
Mechan ical  Acoustic  Outpu t  I nd ices  on  D iagnostic  U l trasound  Equ ipment  (ODS)  and  were  
i n tended  to  yi e l d  i dentical  resu l ts .  Wh i l e  th is  second  ed i t i on  also  fo l l ows  the  ODS  in  
principal  and  uses  the  same bas ic  formu lae  and  assumptions  (see  Annex  A) ,  i t  con tains  a 
few s i gn i f icant  mod i fi cati ons  wh ich  deviate  from  the  ODS.  

•  One of  the  primary i ssues  deal t  wi th  i n  preparing  th is  second  ed i t ion  of  I EC 62359  was   
“m issing”   TI equati ons .  I n  Ed i t ion  1  there  were  not  enough  equations  to  make  complete  
“at-surface”  and  “below-surface”  summations  for TIS  and  TIB  i n  combined-operating  
modes .  Thus  major changes  wi th  respect  to  the  previous  ed i ti on  are  re lated  to  the  
i n troducti on  of  new calcu lat ions  of  thermal  i nd ices  to  take  i n to  accoun t  both  "at-surface"  
and  "below-surface"  thermal  effects.  

For the  speci f ic  techn ical  changes  i nvolved  please  see  Annex  E.  

Th is  publ icati on  has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves,  Part  2.  

Th is  s tandard  may be  used  to  support  the  requ i rements  of  I EC  60601 -2-37.   

I n  th is  particu lar  standard,  the  fo l l owing  pri n t  types  are  used :  

– requ i rements,  compl iance  wi th  wh ich  can  be  tested,  and  defi n i t ions:  i n  roman  type  

– notes,  expl anati ons,  advi ce,  i n troduct i ons,  general  s tatements ,  excepti ons ,  and  references:  i n  smal l er  type  

– test specifications: in italic type  

– words  i n  bold  are  def ined  terms  in  C lause  3  

The  comm ittee  has  decided  that  the  con tents  of  the  base  publ icati on  and  i ts  amendment wi l l  
remain  unchanged  unt i l  the  stabi l i ty date  i nd icated  on  the  I EC  web s i te  under  
"h ttp: //webstore. i ec. ch "  i n  the  data re lated  to  the  speci f i c  publ icati on .  At  th is  date,  the  
publ ication  wi l l  be   

•  reconfi rmed,  

•  wi thdrawn ,  

•  replaced  by a revised  ed i ti on ,  or  

•  amended.  

A bi l i ngual  vers ion  of  th is  publ ication  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The 'colour inside'  l ogo  on  the  cover  page of  th is  publ ication  ind icates 
that  i t  contains colours which  are considered  to  be  usefu l  for the correct  
understand ing  of  i ts  contents.  Users shou ld  therefore prin t  th is  document  using  a  
colour prin ter.  
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INTRODUCTION  

Med ical  d iagnostic  u l trason ic  equ ipment  i s  widel y used  i n  cl i n ical  practi ce  for imag ing  and  
mon i tori ng  purposes.  Equ ipmen t normal l y operates  at  frequencies  i n  the  low megahertz  
frequency range  and  comprises  an  u l trason ic  transducer acoustical l y coupled  to  the  pati en t  
and  associated  e lectron ics.  There  i s  an  extremely wide  range  of  d i fferen t  types  of  systems  i n  
cu rren t  c l i n ical  practice.   

The  u l trasound  entering  the  patient  i n teracts  wi th  the  pati en t's  t i ssue,  and  th is  i n teracti on  can  
be  considered  i n  terms  of  both  thermal  and  non- thermal  effects .  The  purpose  of  th is  
I n ternati onal  s tandard  i s  to  speci fy methods  of  determ in i ng  thermal  and  non-thermal  exposure  
i nd ices  that  can  be  used  to  he lp  i n  assessing  the  hazard  caused  by exposure  to  a part icu lar  
u l trason ic  f i e ld  used  for  med ical  d i agnos is  or  mon i toring .  I t  i s  recogn ised  that  these  i nd ices  
have  l im i tations ,  and  knowledge  of  the  i n d ices  at  the  time  of  an  exam ination  i s  not  su ffi ci en t  i n  
i tse l f  to  make an  in formed  cl i n ical  r i sk assessment.  I t  i s  i n tended  that  these  l im i tat ions  wi l l  be  
addressed  in  fu tu re  revis ions  of  th is  standard  and  as  scienti f ic  understand ing  i ncreases .  Wh i le  
such  increases  remain  pend ing ,  several  organ i zati ons  have  publ ished  prudent-use 
statements.   

Under certain  cond i ti ons  speci f ied  i n  I EC  60601 -2-37,  these  i nd ices  are  d i splayed  on  med ical  
u l trason ic  equ ipmen t i n tended  for  these  purposes.  

 

INTRODUCTION  to  Amendment 

The  second  ed i t ion  of  I EC  62359  was  publ ished  in  201 0 .  S ince  then ,  
IEC  60601 -2-37:2007/AMD1 :201 5  has  been  publ i shed  and  cal l s  for  provi s i on  of  attenuated  
spatial  peak temporal  average in tensi ty ,  Ispta,a,  and  attenuated  spatial  peak pu lse  
average in tensi ty,  Isppa,a,  at  speci f ic  spatial  maximum  poin ts  i n  the  u l trason ic  f i e ld  on  the  
beam  axis .  No  IEC  standard  describes  the  determ ination  of  these  quanti t i es  at  these  speci f i c  
pos i t ions.  I EC  62359  for determ in ing  the  thermal  i nd ices  cu rrentl y uses  s im i lar values  at  other 
pos i t ions,  therefore,  the  determ inati on  of  attenuated  spatial  peak temporal  average  
in tensi ty,  Ispta,a,  and  attenuated  spatial  peak pu lse average in tensi ty ,  Isppa,a,  has  been  
added  as  an  annex i n  th i s  amendmen t.  

Add i ti onal l y,  references  to  newl y publ ished  co l lateral  s tandards  have  been  updated.  
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ULTRASONICS –  
FIELD CHARACTERIZATION –  

TEST METHODS FOR THE DETERMINATION OF THERMAL  
AND MECHANICAL INDICES RELATED TO  

MEDICAL DIAGNOSTIC ULTRASONIC FIELDS 
 
 
 

1  Scope 

This  I n ternational  s tandard  i s  appl icable  to  medical  d iagnostic  u l trasound  f i el ds .  

Th is  s tandard  establ ishes  

– parameters  re lated  to  thermal  and  non-thermal  exposure  aspects  of  d iagnostic  u l trason ic  
f i e l ds;  

– methods  for the  determ ination  of  an  exposure  parameter re lat ing  to  temperature  r ise  i n  
theoretical  t i ssue-equ ivalen t  models,  resu l t i ng  from  absorpti on  of  u l trasound;  

– methods  for  the  determ ination  of  an  exposure  parameter appropriate  to  certain  non-
thermal  effects.  

NOTE  1  I n  Clause  3  of  th i s  standard ,  S I  un i ts  are  used  (per I SO/IEC  Di recti ves ,  Part  2 ,  ed .  5 ,  Annex I  b)  i n  the  
Notes  bel ow defi n i t i ons  of  certai n  parameters,  such  as  beam  areas  and  i n tens i t i es;  i t  may be  conven ien t  to  use  
decimal  mu l t i pl es  or submu l t i p l es  i n  practi ce.  Users  must  take  care  of  decimal  prefi xes  used  i n  combinati on  wi th  
the  u n i ts  when  us i ng  and  cal cu lati ng  numeri cal  data.  For example,  beam  area may be  speci f i ed  i n  cm 2  and  
i n tens i t i es  i n  W/cm 2  or  mW/cm2 .  

NOTE  2  Underl yi ng  cal cu lati ons  have  been  done  from  0, 25  MHz  to  1 5  MHz  for  M I  and  0 , 5  MHz  to  1 5  MHz  for  TI.  

NOTE  3  The  thermal  i nd i ces  are  s teady s tate  est imates  based  on  the  acoust i c  outpu t  power  requ i red  to  produce  

a  1 °C  temperatu re  ri se  i n  t i ssue  con form ing  to  the  “homogeneous  t i ssue  0 , 3  dBcm
- 1
MHz

- 1
 at tenuati on  mode l ”  [ 1  ]  1 )  

and  may not  be  appropri ate  for  rad i at i on  force  imag ing ,  or  s im i l ar  techn iques  that  employ pu l ses  or  pu l se  bu rsts  of  
su ff i c i en t  du rat i on  to  create  a  s i gn i f i cant  trans ien t  temperatu re  ri se.  [ 2]  

2 Normative references  

The  fo l l owing  referenced  documents  are  i nd ispensable  for the  appl ication  of  th is  document.  
For dated  references,  on l y the  ed i ti on  ci ted  appl i es.  For undated  references,  the  l atest  ed i t ion  
of  the  referenced  documen t ( i nclud ing  any amendments)  appl ies.  

IEC  60601 -2-37:2007,  Medical electrical equipment – Part 2-37: Particular requirements for 
the basic safety and essential performance of ultrasonic medical diagnostic and monitoring 
equipment 
IEC  60601 -2-37:2007/AMD1 :201 5  

IEC  61 1 57:2007,  Standard means for the reporting of the acoustic output of medical 
diagnostic ultrasonic equipment  
IEC  61 1 57:2007/AMD1 :201 3  

IEC  61 1 61 :2006  201 3,  Ultrasonics – Power measurement – Radiation force balances and 
performance requirements  

I EC  61 828:2001 ,  Ultrasonics – Focusing transducers – Definitions and measurement methods 
for the transmitted fields 

___________ 

1 )  F i gu res  i n  square  brackets  refer to  B ibl i og raphy.  
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IEC  621 27-1 :2007,  Ultrasonics – Hydrophones – Part 1: Measurement and characterization of 
medical ultrasonic fields up to 40 MHz   
IEC  621 27-1 :2007/AMD1 :201 3  

IEC  621 27-2:2007,  Ultrasonics – Hydrophones – Part 2: Calibration for ultrasonic fields up to 
40 MHz 

I EC  621 27-3:2007,  Ultrasonics – Hydrophones – Part 3: Properties of hydrophones for 
ultrasonic fields up to 40 MHz 

3 Terms and  defin i tions   

For the  purposes  of  th is  document,  the  terms  and  defi n i t i ons  g i ven  i n  IEC  60601 -2-37,  I EC  
621 27-1 :2007,  I EC  621 27-2:2007,  I EC 621 27-3:2007,  I EC  61 1 57:2007  and  I EC  61 1 61 :2006  
(several  of  wh ich  are  repeated  below for conven ience)  appl y.  Several  of  these  are  repeated  
below for conven ience  and  others  are  l i sted  because  they have  been  mod i fi ed  for  appl icati on  
to  th is  s tandard .   

NOTE  Un i ts  be low defi n i t i ons  are  g i ven  i s  S I  un i ts  as  per I SO/IEC  Di recti ves ,  Part  2 ,  ed .  5 ,  Annex I  b ) .  Users  
must  be  al ert  to  poss ibl e  need  to  convert  un i ts  when  us i ng  th i s  s tandard  i n  s i tuati ons  where  data are  received  i n  
un i ts  that  are  d i fferen t  from  those  used  i n  the  S I  system .  

3. 1   
acoustic  attenuation  coefficien t  

a  
coeffic i en t  i n tended  to  account  for u l trason ic  attenuation  of  t i ssue  between  the  external  
transducer apertu re  and  a speci f i ed  po in t    

NOTE  1  A l i near dependence  on  frequency i s  assumed.  

NOTE  2  Acousti c  attenuation  coeffi cien t  i s  expressed  i n  decibel s  per metre  per hertz  (dB  m -1  Hz
-1 ) .  

3.2    
acoustic  absorption  coeffi cient  

mo  

coeffic i en t  i n tended  to  accoun t  for  u l trason ic  absorpti on  of  t i ssue  in  th e  reg ion  of  i n terest  

NOTE  1  A l i near dependence  on  frequency i s  assumed.  

NOTE  2  Acousti c  absorption  coeffi cien t  i s  expressed  i n  neper per metre  per hertz  (Np  m -1  H z
-1 ) .  

3.3   
acoustic  repeti t ion  period  
arp  

time  i n terval  between  correspond ing  po in ts  of  consecu ti ve  cycles  for  conti nuous  wave  
systems,  pu lses  or  scans,  depend ing  on  the  current  operating  mode    

NOTE  1  The  acousti c  repeti tion  period  i s  equal  to  the  pu lse  repeti tion  period  for non -au tomati c  scann ing  
systems  and  to  the  scan  repeti ti on  period  fo r  au tomati c  scann i ng  systems .  

NOTE  2  For con t i nuous  wave  modes,  the  acousti c  repeti ti on  period  i s  the  t ime  i n terval  between  correspond i ng  
po i n ts  of  consecu ti ve  cycles  

NOTE  3  For combined  operating  modes  where  transm i t  pu l s i ng  of  the  consti tuen t  modes  may be  i n terrupted ,  

the  arp  determ inati on  shou ld  take  i n to  accoun t  non -pu l s i ng  t ime  to  cal cu late  an  average  peri od .  

NOTE  24  The  acoustic  repeti ti on  period  i s  expressed  i n  seconds  (s) .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 2,  mod i f i ed]  
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3.4   
acoustic  working  frequency 
frequency of  an  acousti c  s i gnal  based  on  the  observation  of  the  ou tpu t  of  a  hydrophone 
placed  i n  an  acoustic  f i e ld  at  the  pos i t i on  correspond ing  to  the  spatial -peak temporal -peak 
acoustic  pressure  on  the  beam  axis ,  beyond  the  break-point  depth ,  correspond ing  to  
depth  of  maximum  pu lse-in tensi ty i n tegral  zpii.  

NOTE  1  The  s i g nal  i s  anal ysed  us i ng  e i ther the  zero-crossing  acoustic-working  frequency  techn ique  or  a  
spectrum  anal ys i s  method .  Speci f i c  acousti c-worki ng  frequencies  are  defi ned  i n  3 . 4. 1  and  3 . 4. 2.  

NOTE  2  For pu l sed  waveforms  the  acoustic-working  frequency  shal l  be  measu red  at  the  pos i t i on  of  maximum  
pu lse-pressure-squared  i n tegral  depth  for  peak pu l se-in tensi ty i n teg ral .  

NOTE  3  Acousti c  frequency  i s  expressed  i n  hertz  (Hz) .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 3 ,  mod i f i ed]   

3.4. 1  
zero-crossing  acoustic-working  frequency  
fawf 
number of  consecu ti ve  hal f-cycles  ( i rrespective  of  po lari ty)  d i vided  by twice  the  t ime  between  
the  commencement  of  the  f i rst  hal f-cycle  and  the  end  of  the  n - th  hal f-cycle  

NOTE  1  Any hal f -cycle  i n  wh i ch  the  waveform  shows  evi dence  of  phase  change  shal l  not  be  coun ted .  

NOTE  2  The  measurement  shou l d  be  performed  at  term inal s  i n  the  recei ver,  that  are  as  c l ose  as  poss ible   to  the  
recei vi ng  transducer (hydrophone)  and ,  i n  al l  cases,  before  recti f i cat i on .   

NOTE  3  Th i s  frequency i s  determ ined  accord i ng  to  the  procedure  speci f i ed  i n  I EC/TR 60854  [ 3] .  

NOTE  4  Th i s  frequency i s  i n tended  for con t i nuous-wave  sys tems  on l y.   

3 . 4.2  
ari thmetic-mean  acoustic-working  frequency 
fawf 
ari thmetic  mean  of  the  most  widel y separated  frequencies  f1  and  f2,  wi th i n  the  range  of  th ree  
t imes  f1 ,  at  wh ich  the  magn i tude  of  the  acoustic  pressure  spectrum  i s  3  dB  below the  peak 
magn i tude  

NOTE  1  Th i s  frequency  i s  i n tended  for  pu l se-wave  systems  on l y.  

NOTE  2  I t  i s  assumed  that  f1  <  f2.  

NOTE  3  I f  f2  i s  not  found  wi th i n  the  range  <  3  f1 ,  f2  i s  to  be  understood  as  the  l owest  frequency above  th i s  range  
at  wh i ch  the  spectrum  magn i tude  i s  -3  dB  from  the  peak magn i tude.  

3.5   
attenuated  bounded-square  output  power  
P1 x1 ,α(z)  
The  maximum  value  of  the  attenuated  output  power passing  th rough  any one  square  
cen timeter  of  the  plane  perpend icu lar to  the  beam  axis  at depth  z   

NOTE  1  At  z =  0  ( the  transducer su rface)  P1 x1 ,α(z)  becomes  the  bounded-square  outpu t  power ,  that  i s ,  at  z  =  0 ,  
P1 x1 ,α  =  P1 x1 .  

NOTE  2  Attenuated  bounded-square ou tput  power i s  expressed  i n  watts  (W) .   

3.6   
attenuated  output  power 
Pα ( z )  

value  of  the  acoustic  output  power  after attenuati on ,  at  a  speci fi ed  d istance  from  the  
external  transducer aperture ,  and  g i ven  by 

 
dB)/10(- awf10 

fz 
PzP

a
a =)(  (1 )  
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where 

a  i s  the  acoustic  attenuation  coefficient ;  

z  i s  the  d is tance  from  the  external  transducer aperture  to  the  poin t  of  i n terest;  

fawf i s  the  acoustic  working  frequency;  

P  i s  the  output  power  measured  i n  water.   

NOTE  1  Attenuated  ou tput  power  i s  expressed  i n  watts  (W) .  

NOTE  2  I n  the  case  of  s tand -offs  the  P  shou l d  represen t  the  output  power emanati ng  from  the  s tand -off.  

3.7   
attenuated  peak-rarefactional  acoustic  pressure  

pr,a(z)  
value  of  the  peak-rarefactional  acoustic  pressure  after attenuati on ,  on  a p lane  
perpend icu lar to  the  beam  axis  at  a  speci fi ed  d istance  z from  the  external  transducer 
aperture ,  and  g i ven  by 

 ( ) dB)/20(-

rα,r
awf10 
fz 

zpzp
a=)(  (2)  

where  

a  i s  the  acoustic  attenuation  coeffi cient ;  

z  i s  the  d istance  from  the  external  transducer aperture  a long  the  beam  axis  to  the  
plane  con tain i ng  the  poin t  of  i n terest;  

fawf i s  the  acoustic  working  frequency;  

pr(z)  i s  the  peak-rarefactional  acoustic  pressure  measured  i n  water.  

NOTE  Attenuated  peak-rarefact i onal  acousti c  pressu re  i s  expressed   i n  pascals  (Pa) .   

3.8   
attenuated  pu lse-intensi ty in teg ral  

piia  (z)  
value  of  the  pu lse- intensi ty in teg ral  after attenuati on ,  on  a plane  perpend icu lar to  the  beam  
axis  at  a  speci fi ed  d istance  z  from  the  external  transducer apertu re ,  and  g i ven  by 

 
dB)/10(- awf10 )(

fz 
piizpii

a
a =  (3)  

where  

a  i s  the  acoustic  attenuation  coeffi cient ;  

z  i s  the  d istance  from  the  external  transducer aperture  a long  the  beam  axis  to  the  
plane  con tain ing  the  poin t  of  i n terest;  

fawf  i s  the  acoustic  working  frequency;  

pii  i s  the  pu lse- intensi ty in teg ral  measured  i n  water.  

NOTE  1  Attenuated  pu lse-in tensi ty i n tegral  i s  expressed  i n  j ou l es  per metre  squared,  (J  m–2) .  

NOTE  2  For measurement  pu rposes  of  th i s  s tandard ,  pii
α
 i s  equ i valen t  to  1 /(ρc)  t imes  the  attenuated  pu lse-

pressure-squared  i n teg ral  at  depth  z,  wi th  ρc denoti ng  the  characteri st i c  acoust i c  impedance  of  pu re  water .  

3.9   
attenuated  spatial -average temporal -average in tensi ty 

Isata,a(z)  
value  of  the  spatial -average temporal -average in tensi ty  after attenuation ,  on  a p lane  
perpend icu lar to  the  beam  axis  at  a  speci f ied  d istance  z  f rom  the  external  transducer 
aperture ,  and  g i ven  by 

 
dB)/10(-

sata,sata
awf10 
fz 

α
IzI

a=)(  (4)  
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where  

a  i s  the  acoustic  attenuation  coefficient ;  

z  i s  the  d istance  from  the  external  transducer aperture  a l ong  the  beam  axis  to  the  
plane  con tain ing  the  poin t  of  i n terest;  

fawf  i s  the  acoustic  working  frequency;  

Isata  i s  the  spatial -average  temporal -average in tensi ty,  at  a  speci f ied  d is tance  z  
measured  in  water.  

NOTE Attenuated spatial -average temporal -average i n tensi ty  is  expressed in  watts  per metre  squared,  (W m –2 ) .  

3. 1 0   
attenuated  spatial -peak temporal -average in tensi ty  

Ispta,a(z)  
value  of  the  spatial -peak temporal -average  in tensi ty  after  attenuati on ,  on  a p lane  
perpend icu lar to  the  beam  axis  at  a  speci f ied  d is tance  z  f rom  the  external  transducer 
aperture ,  and  g i ven  by 

 
dB)/10(-

spta,spta
awf10 
fz 

α
IzI

a=)(  (5)  

where  

a  i s  the  acoustic  attenuation  coefficient ;  

z  i s  the  d istance  from  the  external  transducer aperture  a l ong  the  beam  axis  to  the  
plane  con tain ing  the  poin t  of  i n terest;  

fawf  i s  the  acoustic  working  frequency;  

Ispta   i s  the  spatial -peak temporal -average in tensi ty,  at  a  speci f i ed  d istance  z  measured  i n  
water.  

NOTE Attenuated spatial -peak temporal -average i n tensi ty  is  expressed in watts  per metre  squared,  (W  m–2).  

3. 1 1   
attenuated  temporal -average  in tensi ty 

Ita,a(z)  
value  of  the  temporal -average in tensi ty after attenuati on ,  on  a p lane  perpend icu lar to  the  
beam  axis  at  a  speci f i ed  d is tance  z  from  the  external  transducer aperture ,  and  g i ven  by 

 ( ) dB)/10(-

ta,ta
awf10 z
fz 

α
IzI

a=)(  (6)  

where  

a  i s  the  acoustic  attenuation  coefficient ;  

z  i s  the  d istance  from  the  external  transducer apertu re  al ong  the  beam  axis  to  the  
plane  con tain i ng  the  poin t  of  i n terest;  

fawf i s  the  acoustic  working  frequency;  

Ita(z)  i s  the  temporal -average in tensi ty  measured  i n  water.  

NOTE Attenuated temporal -average i n tensi ty  is  expressed in  watts  per metre  squared,  (W  m–2 ) .  

3. 1 2   
beam  area  
Ab(z)  
area i n  a  speci fi ed  plane  perpend icu lar to  the  beam  axis  cons is t ing  of  al l  po in ts  at  wh ich  the  
pulse-pressure-squared  in teg ral  i s  g reater  than  a speci f ied  fraction  of  the  maximum  value  
of  the  pu lse-pressure-squared  in teg ral  i n  that  p lane   
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NOTE  1  I f  the  pos i t i on  of  the  plane  i s  not  speci f i ed ,  i t  i s  the  plane  passi ng  th rough  the  poi n t  correspond ing  to  the  
spati al -peak temporal -peak acousti c  pressure  i n  the  whol e  acousti c  f i e l d .  

NOTE  2  I n  a  n umber of  cases,  the  term  pu lse-pressure -squared  i n teg ral  i s  replaced  everywhere  i n  the  above  
defi n i t i on  by any l i nearl y  re l ated  quanti ty,  e . g . :   

a)  i n  the  case  of  a  con ti nuous  wave  s i gnal  the  term  pu lse-pressure-squared  i n tegral  i s  replaced  by mean  square  
acousti c  pressu re  as  defi ned  i n  I EC  61 689  [ 4] ;   

b)  i n  cases  where  s i gnal  synch ron i sat i on  wi th  the  scanframe i s  not  avai l abl e,  the  term  pu lse-pressure-squared  
i n tegral  may be  repl aced  by temporal  average i n tensi ty.  

NOTE  3  Some speci f i ed  l eve l s  are  0 , 25  and  0 , 01  for the  -6  dB  and  -20  dB  beam  areas,  respecti vel y.  

NOTE  4  Beam  area i s  expressed  i n  metres  squared  (m
2
) .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 7,  mod i f i ed ]  

3. 1 3   
beam-  axis  
strai gh t  l i ne  that  passes  th rough  the  beam  cen trepoin ts  of  two  planes  perpend icu lar to  the  l i ne  
wh ich  connects  the  po in t  of  maximal  pu lse-pressure-squared  i n tegral  wi th  the  centre  of  the  
external  transducer aperture   

NOTE  1  See  Fi gu re  1 .  

NOTE  2  The  l ocati on  of  the  f i rst  p lane  i s  the  l ocati on  of  the  p lane  con tai n i ng  the  maximum  pu lse-pressure-  
squared  i n tegral  or,  a l ternat i vel y,  i s  one  contai n i ng  a  s i ng l e  main  l obe  wh i ch  i s  i n  the  focal  Fraunhofer  zone.  The  
l ocat i on  of  the  second  pl ane  i s  as  far as  i s  pract i cable  f rom  the  f i rs t  plane  and  paral l e l  to  the  f i rst  wi th  the  same  two  
orthogonal  scan  l i nes  (x and  y axes )  used  for the  f i rs t  plane.  

NOTE  3  I n  a  number of  cases,  the  term  pu lse-pressure-squared  i n tegral  i s  replaced  i n  the  above  defi n i t i on  by  
any l i nearl y  re l ated  quanti ty,  e . g . :   

a)  i n  the  case  of  a  con ti nuous  wave  s i gnal  the  term  pu lse-pressure-squared  i n tegral  i s  replaced  by mean  square  
acousti c  pressu re  as  defi ned  i n  I EC  61 689,  

b)  i n  cases  where  s i gnal  synch ron i sat i on  wi th  the  scan  frame i s  not  avai l able  the  term  pu lse -pressure-squared  
i n tegral  may be  repl aced  by temporal  average i n tensi ty.  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 8]  

 

 
 

Figure 1  – Schematic  d iag ram  of  the  d i fferent  planes and  l ines  in  an  u l trasonic  fi eld  
(modi fi ed  from   I EC  61 828  and  I EC 621 27-1 )  
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3.1 4   
beam  centrepoint  

posi t ion  determ ined  by the  2D  centro id  of  a  set  of  pu lse-pressure-squared  in teg rals  
measured  over  the  -6dB  beam-area i n  a  speci fi ed  p lane  

NOTE  Methods  for  determ in i ng  2D  cen tro i ds  are  descri bed  i n  Annex B  and  C  of  I EC  61 828.  

3. 1 5   
beamwidth  m idpoint  
l i near average  of  the  coord inates  of  the  locati ons  m idway between  each  pai r  of  poin ts  
determ in ing  a  beamwidth  i n  a  speci fi ed  p lane  

NOTE  The  average  i s  taken  over as  many beamwidth  l evel s  g i ven  i n  B . 2  of  I EC  61 828   as  s i gnal  l evel  perm i ts .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 1 0,  mod i f i ed ]  

3. 1 6   
beamwidth  
w6 ,  w1 2,  w20  

greatest  d istance  between  two  po in ts  on  a speci fi ed  axis  perpend icu lar  to  the  beam  axis  
where  the  pulse-pressure-squared  i n tegral  fal ls  below i ts  maximum  on  the  speci f ied  axis  by 
a speci f ied  amoun t  

NOTE  1  I n  a  number of  cases,  the  term  pu lse-pressure -squared  i n teg ral  i s  replaced  i n  the  above  defi n i t i on  by  
any l i nearl y  re l ated  quan ti ty,  e . g . :   

a)  i n  the  case  of  a  con ti nuous  wave  s i gnal  the  term  pu lse-pressure-squared  i n tegral  i s  replaced  by mean  square  
acousti c  pressu re  as  defi ned  i n  I EC  61 689  [4] ,  

b)  i n  cases  where  s i gnal  synch ron i sati on  wi th  the  scan  frame i s  not  avai l able  the  term  pu lse -pressure-squared  
i n teg ral  may be  repl aced  by temporal  average i n tensi ty.  

NOTE  2  Common ly used  beamwidths  are  speci f i ed  at  –6  dB,  –1 2  dB  and  –20  dB  l evel s  below the  maximum .  The 
decibe l  cal cu lat i on  impl i es  taki ng  1 0  t imes  the  l ogari thm  to  the  base  of  1 0  of  the  rati os  of  the  i n teg ral s .  

NOTE  3  Beamwidth  i s  expressed  i n  metres  (m ) .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 1 1 ]  

3. 1 7   
bone  thermal  index 
TIB  
thermal  index  for  appl i cati ons,  such  as  foetal  (second  and  th i rd  trimester)  or  neonatal  
cephal ic  ( th rough  the  fon tanel le) ,  i n  wh ich  the  u l trasound  beam  passes  th rough  soft  t i ssue  
and  a  focal  reg ion  i s  i n  the  immediate  vic in i ty of  bone  

NOTE  1  See  5. 4. 2  and  5. 5. 2  for methods  of  determ in i ng  the  bone  thermal  i ndex.  

NOTE  2  See  Annex A for rat i onal e  and  deri vati on  notes.  

3. 1 8   
bounded-square ou tput  power 
P1x1  

maximum  value  of  the  t ime  average  acoustic  ou tput  power  em i tted  from  any one-centimetre  
square  reg ion  of  the  act i ve  area of  the  transducer,  the  one-cen timetre  square  reg ion  having  
1  cm  d imens ions  i n  the  x-  and  y-d i recti ons  

NOTE  1  The  s i de  of  the  1  cm  ×  1  cm  square  shou ld  be  al i gned  wi th  the  azimu th  axi s  i n  accordance  wi th  F i gu re  
1 .   See   A. 4. 1 . 4  and  Annex B  for  more  detai l .  

NOTE  2  Bounded-square ou tput  power  i s  expressed  i n  watts  (W) .  
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3.1 9   
break-point  depth  
zbp  

closest  d istance,  to  the  so l i d  surface  of  the  transducer or  the  enclosure  of  any stand-off  path ,  
used  during  a search  to  determ ine  below-surface  TIS  and  TIB  acoustic  working  frequency  
and  i n tens i ty parameters  (such  as  attenuated  spatial -peak temporal -average in tensi ty)  

 eqbp x5,1 D  z =  (7)  

where  Deq   i s  the  equ ivalent  aperture  d iameter  for  non-scanning  modes .   

NOTE  1  Speci f i cal l y,  for the  mechan ical  i ndex :  the  search  shou ld  con ti nue  t i l l  the  depth  zMI .  Reasonabl e  care  
shou ld  be  taken  not  to  go  so  cl ose  to  the  transducer face  as  to  ri sk the  i n teg ri ty  of  the  hydrophone  or  the  val i d i ty  of  
the  measurement.  

NOTE  2  For scanning  modes,  Deq  i s  cal cu lated  us i ng  the  output  beam  area  of  one  u l trasonic  scan  l i ne  use  the  
non-scanning  mode  D

eq
 val ue  cal cu l ati on  [Equati on  (8) ] .  Do  th i s  us i ng  the  ou tpu t  beam  area of  one  u l trasoni c 

scan  l i ne ;  the  cen tral  scan  l i ne ,  correspond ing  to  the  beam  axis  ( i . e .  the  l i ne  where  pii ,  MI,  and f
awf  

are  measured) .  

NOTE  3  See  Annex A for rat i onal e  and  deri vati on  notes.   

NOTE  4  Breakpoint  depth  i s  expressed  i n  metres  (m ) .  

3.20   
combined-operating  mode 
mode of  operati on  of  an  equ ipment  that  combines  more  than  one  discrete-operating  mode 

[ I EC  61 1 57:2007,  defi n i t i on   3 . 1 7. 1 ]  

3.21   
cran ial -bone thermal  i ndex 
TIC  
thermal  index  for  appl icati ons ,  such  as  paed iatri c  and  adu l t  cran ial  appl icati ons,  i n  wh ich  the  
u l trasound  beam  passes  through  bone  near the  beam  entrance  i n to  the  body,  such  as  
paed iatric  and  adu l t  cran ial  or  neonatal  cephal ic  appl ications  

NOTE  1  See  5. 4. 2. 1  and  5 . 5. 2. 1  for methods  of  determ in i ng  the  cran ial  bone thermal  i ndex .  

NOTE  2  See  Annex A for  rat i onal e  and  deri vat i on  notes .  

3.22   
defau l t  setting  
speci f ic  state  of  contro l  that  the  u l trason ic  med ical  d iagnostic  u l trasonic  equ ipment  wi l l  
en ter upon  power-up,  new patient  se lection  or  change  from  non-foetal  to  foetal  appl ications  

3.23   
depth  for  mechanical  index 
zMI  

depth  on  the  beam  axis  f rom  the  external  transducer aperture  to  the  plane  of  maximum  

attenuated  pu lse-intensi ty in teg ral  (piia)  pulse-pressure-squared-integral  (ppsia)  

NOTE  1  Because  z
MI
 may occur c l oser to  the  transducer than  the  break-point  depth  z

bp
,  u se  of  ppsi

α
 rather than  

pii
α
 i s  techn i cal l y  more  appropriate.  I f  z

ppsi , α   i s  l arger than  zbp ,  then  zppsi, α  and  zpii,α   are  equal .  

NOTE  2  Depth  for  mechanical  i ndex  i s  expressed   i n  metres  (m ) .  

3.24   
depth  for  peak maximum  pu lse-  i n tensi ty i n teg ral  
zpii  
depth  on  the  beam  axis  f rom  the  external  transducer aperture  to  the  plane  of  maximum  
pulse- intensi ty in teg ral  (pii)  as  approximated  by the  pulse-pressure-squared  i n tegral  
(ppsi)  



IEC  62359:201 0+AMD1 :201 7  CSV  – 1 5  – 

  I EC  201 7  

depth  z  on  the  beam  axis  and  beyond  the  break-point  depth  zbp  from  the  external  
transduscer aperture  to  the  p lane  of  maximum  pulse-intensi ty in teg ral  (pii)  as  
approximated  by the  pu lse-pressure-squared  in teg ral  (ppsi)  

NOTE  1  Depth  for  peak pu lse-in tensi ty i n tegral  maximum  pii  i s  expressed   i n  metres  (m ) .  

NOTE  2  Depth  for  maximum  pii  i s  termed  "depth  for peak pu l se- i n tens i ty  i n tegral "  i n  
I EC  60601 -2-37: 2007/AMD1 :201 5.  

NOTE  3  At  th i s  depth  the  acoustic  working  frequency i s  determ ined.  

3.25   
depth  for  TIB  

zb, ns  for  non-scanning  modes   
for  non-scann ing  modes ,  the  d is tance  along  the  beam  axis  from  the  external  transducer 
aperture  to  the  plane  where  the  product  of  attenuated  output  power  and  attenuated  
spatial -peak temporal -average in tensi ty  i s  a  maximum  over the  d istance  range  equal  to ,  or  
g reater  than ,  the  break-point  depth ,  zbp  

NOTE  1  Depth  for  TIB  i s  expressed  i n  metres  (m ) .  

NOTE  2  See  Annex A for  rat i onal e  and  deri vati on  notes.  

3.26   
depth  for  TIS  
zs , ns  for  non-scanning  modes  
for non-scanning  modes,  the d istance  along  the  beam  axis  f rom  the  external  transducer 
aperture  to  the  plane  at  wh ich  the  l ower value  of  the  attenuated  output  power  and  the  
product  of  the  attenuated  spatial -peak temporal -average in tensi ty  and  1  cm2  i s  maxim ized  
over  the  d istance  range  equal  to ,  or  g reater than ,  the break-point depth ,  zbp  

NOTE  1  I n  th i s  s tandard ,  the  restri cted  defi n i t i on  of  spati al -peak temporal -average i n tensi ty  f rom  I EC  621 27-1 ,  
re l ati ng  to  a  speci f i ed  p lane,  i s  used  where  spatial -peak temporal -average i n tensi ty  i s  replaced  by  attenuated  
spati al -peak temporal -average i n tensi ty.  

NOTE  2  Depth  for TIS  i s  expressed  i n  metres  (m ) .  

NOTE  3  See  Annex A for  rat i onal e  and  deri vat i on  notes .  

3.27  
Discrete-perating  d iscrete-operating  mode 
mode of  operati on  of  u l trasonic  medical  d iagnostic  u l trason ic  equ ipment  i n  wh ich  the  
purpose  of  the  exci tation  of  the  u l trason ic  transducer or  u l trasonic  transducer  e lement  
g roup i s  to  u t i l i ze  on l y one  d iagnostic  methodology  

[I EC  61 1 57:2007,  defi n i t i on  3 . 1 7. 2,  modi f i ed ]  

3.28   
equ ivalent  aperture  d iameter 
Deq  
d iameter of  a  c i rcle  whose  area i s  the  output  beam  area  and  the  area A  o f  wh ich  i s  the  –
1 2  dB  outpu t  beam  area  Aob  for  non-scann ing  modes and  the  –1 2  dB  scanned  aperture 
area  Asa  for  scann ing  modes ,  g i ven  by 

  AD obeq
π

4
=       AD

π
=

4
eq  (8)  

where  A
ob
 i s  the  output  beam  area .  

NOTE  1  Th i s  formu la g i ves  the  d i ameter of  a  c i rcl e  whose  area i s  the  –1 2  dB  ou tput  beam  area .  I t  i s  used  i n  the  
cal cu lat i on  of  the  cran ial -bone thermal  i ndex  and  the  soft  t i ssue thermal  i ndex .  Equat i on  (8 )  i s  u sed  i n  the  
cal cu lat i on  of  the  cran ial -bone thermal  i ndex;  for non-scanning  modes  wi th  A  =  A

ob
 and  for  scanning  modes  

wi th  A =  A
sa
.  
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NOTE  2  Equati on  (8)  wi th  A  =  A
ob
 i s  al so  used  i n  cal cu lati ng  the  break-point  depth .  

NOTE  2  3  Equival ent  apertu re  d iameter  i s  expressed   i n  metres  (m ) .  

3.29    
equ ivalent  beam  area  
Aeq(z)  

area of  the  acoustic  beam  at  the  d istance  z  i n  terms  of  power and  i n tens i ty and  g i ven  by  

 ( ) ( )
( ) spta,spta

α

eq
I

P
 

zI

zP
zA ==

a

 (9)  

where  

Pa(z)  i s  the  attenuated  output  power,  at  the  d istance  z;  

Ispta,  a(z)  i s  the  attenuated  spatial -peak temporal -average in tensi ty,  at  the  d istance  z;  

P  i s  the  output  power ;  

Ispta    i s  the  spatial -peak temporal -average in tensi ty,  at  the  d istance  z;  and  

z  i s  the  d is tance  from  the  external  transducer aperture  to  the  speci f ied  po in t.  

NOTE  Equ ivalen t  beam  area  i s  expressed  i n  metres  squared  (m
2
) .  

3.30   
equ ivalent  beam  d iameter  
deq (z)  
d iameter of  the  acoustic  beam  at  the  d istance  z  i n  terms  of  the  equ ivalent  beam  area  and  
g i ven  by 

 ( ) ( ) zAzd eqeq
π

4
=  (1 0)  

where  

Aeq(z)  i s  the  equivalent  beam  area ;  

z  i s  the  d istance  from  the  external  transducer aperture  to  the  speci f ied  po in t.  

NOTE  Equ ivalen t  beam  d iameter  i s  expressed  i n  metres  (m ) .  

3.31   
external  transducer aperture  
part  of  the  su rface  of  the  ul trasonic transducer  or  u l trason ic transducer  e l emen t g roup  
assembly that  em i ts  u l trason ic  rad iat i on  in to  the  propagation  med ium  

NOTE  1  Th i s  su rface  i s  assumed  to  be  e i ther d i rect l y  i n  con tact  wi th  the  pati en t  or  i n  con tact  wi th  a  water o r l i qu i d  
path  to  the  pat i en t.  See  F i gu re  1 .  

NOTE  2  The  u l trasonic  transducer  e l ement  g roup  i s  usual l y  offset  from  th i s  su rface  by a  l ens,  match i ng  l ayers  
and  poss ibl y  f l u i d .   

[I EC  621 27-1 :2007,  defi n i t i on  3 . 27,  mod i f i ed ]  

3.32   
mechanical  i ndex 
MI  
mechanical  i ndex  i s  g i ven  by 

 
( )

   

1 /2

awfMIαr,

MIC

fzp
MI

−

=  (1 1 )  

where  
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CMI =  1  MPa·MHz
- ! /2  

pr,α(zMI)   i s   the  attenuated  peak-rarefactional  acoustic  pressure  at  the  depth  zMI  

fawf    is  the  acoustic-working  frequency.  

NOTE  1  See  Annex A for rat i onal e  and  deri vati on  notes.  

3.33    
med ical  d iagnostic  u l trasonic  equ ipment  (or  system)  
combination  of  the  ul trasound  instrument  console  and  the  transducer assembly  making  up  
a complete  d iagnostic  system  

[I EC  61 1 57:2007,  defi n i t i on  3 . 1 5]  

NOTE  1  For the  purpose  of  th i s  s tandard ,  medical  d i agnostic  u l trasonic  equ ipment  (or  system)  means  
electri cal  equ ipment  that  i s  i n tended  for  in vivo  u l trason i c  exam inati on  and  mon i tori ng  for  obtai n i ng  a  med ical  
d i agnosi s .   

NOTE  2  I EC  60601 -2-37:2007  uses  the  term  "u l trason i c  d i agnosti c  equ i pment"  i nstead  of  medical  d iagnostic  
u l trasonic  equ ipment .  

3.34   
non-scann ing  mode  
mode of  operation  of  u l trasonic  med ical  d iagnostic  u l trasonic  equ ipment  that  i nvolves  a 
sequence  of  u l trason ic  pu lses  wh ich  g i ve  ri se  to  ul trason ic  scan  l ines  that  fo l l ow the  same  
acoustic  path  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 39. 4,  mod i f i ed ]  

3.35   
output  beam  area  
Aob   
area of  the  u l trason ic  beam  deri ved  from  the  -1 2  dB beam  area  at  the  external  transducer 
aperture  

NOTE  1  For  reasons  of  measurement  accu racy,  the  –1 2  dB  ou tput  beam  area  may be  deri ved  from  
measurements  at  a  d i s tance  chosen  to  be  as  cl ose  as  poss i ble  to  the  face  of  the  transducer,  and ,  i f  poss ible,  n o  
more  than  1  mm  from  the  face.  

NOTE  2  For  con tact  transducers ,  th i s  area can  be  taken  as  the  g eometri cal  area of  the  u l trasonic  transducer  o r  
u l trasonic  transducer el ement  g roup.  

NOTE  3  The  ou tpu t  beam  area  i s  expressed  i n  metres  squared  (m
2
) .  

NOTE  4  Methodo logy for  f i n d i ng  the  beam  area us i ng  the  pu lse-pressure-squared  i n tegral  for  focused  f i e l ds  i s  
described  i n  c l auses  6 . 2  and  6. 3  of  I EC  61 828.   

[I EC  621 27-1 :2007,  defi n i t i on  3 . 40]  

3.36   
output  beam  d imensions  
Xob  ,  Yob  

d imens ions  of  the  u l trason ic  beam  (–1 2  dB  beamwidth )  i n  speci f i ed  d i recti ons  perpendicu lar 
to  each  o ther and  i n  a  d i rection  normal  to  the  beam  axis  and  at  the  external  transducer 
aperture  

NOTE  1  For reasons  of  measurement  accuracy,  the  –1 2  dB  output  beam  d imensions may be  deri ved  from  
measurements  at  a  d i s tance  chosen  to  be  as  cl ose  as  poss ible  to  the  face  of  the  transducer and ,  i f  poss ible,  no  
more  than  1  mm  from  the  face.  

NOTE  2  For con tact  transducers ,  these  d imensions  can  be  taken  as  the  geometri cal  d imensi ons  of  the  u l trasoni c  
transducer  o r  u l trason ic  transducer element  g roup.  

NOTE  3  Outpu t  beam  d imensions  are  expressed  i n  metres  (m ) .  

NOTE  4  Methodo logy for  f i n d i ng  the  beam  area us i ng  the  pu lse-pressure-squared  i n teg ral  for  focused  f i e l ds  i s  
descri bed  i n  6 . 2  and  6. 3  of  I EC  61 828.   
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[I EC  621 27-1 :2007,  defi n i t i on  3 . 41 ,  mod i fi ed ]  

3.37   
output  power 
P   
time-average  u l trason ic  power em i tted  by an  u l trasonic transducer  i n to  an  approximatel y 
free  f ie ld  under  speci f i ed  cond i t i ons  i n  a  speci f i ed  medium ,  preferabl y water  

[ I EC  61 1 61 :2006  201 3,  defi n i t i on  3 . 3]   

NOTE  1  " t ime-average"  means  averaged  over an  i n tegral  mu l t i pl e  of  the  temporal  peri od i ci ty.  

NOTE  2  Outpu t  power  i s  expressed  i n  watts  (W) .  

3.38   
peak-rarefactional  acoustic  pressure  
pr  

maximum  of  the  modu lus  of  the  negati ve  instantaneous acoustic  pressure i n  an  acoustic  
f ie l d  or  i n  a  speci fi ed  plane  duri ng  an  acoustic  repeti tion  period  

NOTE  1  Peak-rarefactional  acoustic  pressure  i s  expressed  as  a  pos i t i ve  n umber.  

NOTE  2  Peak-rarefactional  acoustic  pressure  i s  expressed  i n  pascals  (Pa) .  

NOTE  3  The  defi n i t i on  of  peak-rarefactional  acoustic  pressure  a l so  appl i es  to  peak-negati ve  acoust i c  pressure  
wh i ch  i s  al so  i n  use  i n  l i teratu re.  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 44]  

3.39   
power parameter  
Pp  
beam-related  power quanti ty used  i n  the  numerator of  the  general  thermal  index  re lati onsh ip  

NOTE  1  See  Equati on  A. 4  

NOTE  2  The  mean i ng  of  th i s  quan ti ty  depends  on  the  TI to  be  eval uated ,  see  A. 5. 1  and  A. 5. 2.  I n  g eneral  terms,  i t  
wi l l  be  the  measured  quan ti ty  responsi ble  for the  est imati on  o f  the  speci f i c  temperatu re  ri se.  

NOTE  3   Power parameter  i s  expressed  i n  watts  (W) .  

3.40   
prudent-use statements  
affi rmations  of  the  pri nciple  advis i ng  avoidance  of  primari l y h igh  exposure  levels  and  
secondari l y long  exposure  t imes  wh i l e  acqu i ri ng  necessary c l i n ical  i n formation  that  on l y 
necessary cl i n ical  i n formation  shou ld  be  acqu i red  and  that  h igh  exposure  l evels  and  l ong  
exposure  t imes  shou ld  be  avoided  

NOTE  See  B ibl i og raphy [ 5, 6, 7, 8 ] .  

3.41    
pu lse  duration  
td  

1 , 25  t imes  the  i n terval  between  the  t ime  when  the  t ime  i n teg ral  of  the  square  of  the  
instantaneous  acoustic  pressure  reaches  1 0  %  and  90  % of  i ts  f i nal  value  

NOTE  1  The  f i nal  val ue  of  the  t ime  i n tegral  of  the  square  of  the  i nstantaneous  acoustic  pressu re  i s  the  
pu lse-pressure-squared  i n tegral .  

NOTE  2  Pulse  duration  i s  expressed   i n  seconds  (s) .  

NOTE  3  See  Fi gu re  2  of  I EC  621 27-1 .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 48]  
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3.42   
pu lse-in tensi ty in teg ral  
pii 

time  in tegral  of  the  instantaneous in tensi ty at a  part icu lar po i n t  i n  an  acoustic  f i e ld  
i n tegrated  over the  acoustic  pu lse waveform  

NOTE  1  For measurement  pu rposes  referred  to  i n  th i s  I n ternati onal  S tandard ,  pu lse-in tensi ty i n tegral  i s  
proport i onal  to  pu l se-pressure-squared  i n teg ral .  

NOTE  2  The  pu l se-in tensi ty i n tegral  i s  expressed  i n  j ou l es  per metre  squared   (Jm
- 2
) .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 49]  

3.43   
pu lse-pressure-squared  in teg ral  
ppsi 

time  i n tegral  of  the  square  of  the  instantaneous acoustic  pressure at  a part icu lar  po in t  i n  an  
acoustic  f i e ld  i n tegrated  over  the  acoustic  pu lse waveform  

NOTE  The  pu lse-pressure-squared  i n teg ral  i s  expressed  i n  pascal  squared  seconds  (Pa2s) .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 50]  

3.44   
pu lse  repeti tion  period  
prp  

time  i n terval  between  equ ivalen t  po in ts  on  successive  pu lses  or  tone-bursts  

NOTE  1  I n  general ,  for non-scanning  modes  the  pu lse repeti ti on  period  n eeds  to  be  ad justed  to  represen t  a  
‘ per-second ’  average  taki ng  i n to  accoun t  i n terrupti ons - i n ,  or non -constant,  pu l s i ng ;  e . g .  such  as  may occu r i n  
combined  operating  modes .  

NOTE  2  The  pu lse  repeti ti on  period  i s  expressed  i n  seconds  (s) .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 51 ]  

3.45   
pu lse  repeti tion  rate  
prr 

reciprocal  of  the  pulse  repeti tion  period   

NOTE  The  pu lse  repeti ti on  rate  i s  expressed  i n  h ertz  (Hz) .   

[I EC  621 27-1 :2007,  defi n i t i on  3 . 52]  

3.46   
scanned  aperture  area  
Asa  

area at  the  external  transducer aperture  cons ist i ng  of  al l  po i n ts  at  wh ich  the  
pulse-pressure-squared  in teg ral  i s  g reater than  - 1 2  dB  of  the  maximum  value  of  the  
pulse-pressure-squared  in teg ral  i n  that  p lane   

NOTE  1  For reasons  of  measurement  accu racy,  the  –1 2  dB  scanned  apertu re  area  may be  deri ved  from  
measurements  at  a  d i s tance  chosen  to  be  as  c l ose  as  poss i ble  to  the  face  of  the  transducer,  and ,  i f  poss ibl e,  n o  
more  than  1  mm  from  the  face.  

NOTE  2  For  con tact  transducers,  th i s  area can  be  taken  as  the  g eometri cal  area  of  the  acti ve  e l ements  du ri ng  
one  frame scan  of  the  u l trason ic  transducer  o r  u l trasonic  transducer  element  g roup.  

NOTE  3  I n  a  n umber of  cases,  the  term  pu lse-pressure-squared  i n tegral  i s  replaced  everywhere  i n  the  above  
defi n i t i on  by any l i nearl y  re l ated  quanti ty,  e . g . :  

a)  i n  the  case  of  a  con ti nuous  wave  s i gnal  the  term  pu lse-pressure-squared  i n tegral  i s  replaced  by mean  square  
acoust i c  pressu re  as  defi ned  i n  I EC  61 689,  

b)  i n  cases  where  s i gnal  synchron i sat i on  wi th  the  scan frame i s  not  avai l able  the  term  pu lse-pressure -squared  
i n teg ral  may be  repl aced  by temporal  average i n tensi ty.  
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NOTE  4  Scanned  apertu re area  i s  expressed  i n  metres  squared  (m
2
) .  

3.47  
scan  d i rection  
for  systems  wi th  scann ing  modes,  the  d i rection  i n  the  scan  plane  and  perpend icu lar to  a  
speci f ied  u l trasonic  scan  l ine  

NOTE  Du ri ng  one  acqu i s i t i on  frame  the  scan  d i recti on  may be  azimuthal  (x)  and/or e l evati onal  (y)  and  may 
i ncl ude  combinati ons,  e . g . ,  pol ar.  

[I EC  61 1 57:  2007,  def in i t i on  3 . 27]  

3.48   
scan  plane  
for au tomatic  scann ing  systems,  a  p lane  con tain ing  al l  the  u l trason ic scan  l ines   

NOTE  1  See  Fi gure  1 .   

NOTE  2  Some  scann ing  systems  have  the  abi l i ty  to  s teer the  u l t rasound  beam  i n  two  d i rect i ons.  I n  th i s  case,  
there  i s  no  scan  plane  that  meets  th i s  defi n i t i on .  However,  i t  m i gh t  be  usefu l  to  cons ider a  p lane  th rough  the  
major-axi s  of  symmetry of  the  u l trasound  transducer  and  perpend icu lar to  the  transducer face  (or  another  
su i table  plane)  as  bei ng  equ i valen t  to  the  scan  plane.  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 56]  

3.49   
scanning  mode 
mode of  operati on  of  an  ul trasonic  a  med ical  d iagnostic  u l trasonic  equ ipment  that  
i nvo lves  a sequence  of  u l trason ic  pu lses  wh ich  g i ve  r ise  to  scan  l i nes  that  do  not  fo l l ow the  
same acoustic  path  

[I EC  61 1 57:2007,  defi n i t i on  3 . 1 7. 5]  

3.50   
scan  repeti t ion  period  
srp  

time  i n terval  between  i dentical  po i n ts  on  two  success ive  frames,  sectors  or  scans,  appl yi ng  to  
au tomatic  scann ing  systems  wi th  a  per i od i c  scan  sequence  on l y 

NOTE  1  I n  g eneral ,  th i s  I n ternati onal  Standard  assumes  that  an  i n d i vi dual  u l trasonic  scan  l i ne  repeats  exactl y  
after a  number of  acousti c  pu l ses .   

NOTE  2  The  scan  repeti t i on  peri od  i s  expressed  i n  seconds  (s) .  

3.51   
scanwidth   
ws  
greatest  d i stance  between  two  po in ts  on  the  axis  i n  the  scan  plane  perpend icu lar to  the  
cen tral  u l trason ic scan  l ine  where  the  temporal  average in tensi ty  fal l s  be low i ts  maximum  
i n  the  scan  plane  by 1 2  dB  at  the  d istance  of  i n terest  from  the  transducer su rface  

NOTE  1  Th is  d imens ion  may  be  determ ined  by hyd rophone  measurements  or  by cal cu l at i on  us i ng  knowledge  of  
the  d imensions  of  the  transducer apertu re  and  scann i ng  geometry.  

NOTE  2  Scanwidth  i s  expressed  i n  metres  (m ) .  

3.52   
soft  t i ssue  thermal  i ndex 
TIS 

thermal  i ndex  re lated  to  soft  t i ssues   

NOTE  1  See  5 . 4. 1  and  the  fo l l owing  sub-cl auses  and  5. 5. 1  for  methods  of  determ in i ng  the  soft  t i ssue thermal  
i ndex.   
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NOTE  2  For the  pu rposes  of  th i s  document,  soft  t i ssue  i ncl udes  al l  body t i ssues  and  f l u i ds  except  skeletal  
t i ssues.   

NOTE  3  See  Annex A for  rat i onal e  and  deri vati on  notes.  

3.53   
spatial -average temporal -average in tensi ty  
Isata  

equal  to  the  temporal -average in tensi ty averaged  over the  scan-area,  beam  area or  other 
def ined  area  as  appropriate  

NOTE  Spatial -average temporal -average i n tensi ty  i s  expressed  i n  watts  per metre  squared  (Wm -2 ) .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 59  s l ig h tl y mod i fi ed]  

3.54   
spatial -peak temporal -average in tensi ty  
Ispta  

maximum  value  of  the  temporal -average  i n tensi ty i n  an  acoustic  f i e ld  or  i n  a  speci f i ed  p lane  

NOTE  1  For systems  i n  combined-operating  mode ,  the  t ime  i n terval  over wh i ch  the  temporal  average  i s  taken  i s  
su ff i ci en t  to  i ncl ude  any  peri od  du ri ng  wh i ch  scann ing  may not  be  taki ng  pl ace  the  averag i ng  t ime  peri od  needs  to  
be  su ff i c i en t  to  i ncl ude  peri ods  i n  wh i ch  scann ing  or  pu l s i ng  i s  i n terrupted .  

NOTE  2  Spati al -peak temporal -average i n tensi ty  i s  expressed  i n  watts  per metre  squared  (Wm -2 ) .   

[I EC  621 27-1 :2007,  defi n i t i on  3 . 62]  

3.55   
temporal -average in tensi ty  
Ita  

time-average  of  the  i nstantaneous  in tensi ty  at  a  part icu lar  po in t  i n  an  acoustic  f i e l d  

NOTE  1  The  t ime-average  i s  taken  normal l y  over an  i n teg ral  number of  acousti c  repeti tion  periods ;  i f  n ot,   the  
peri od  for  averag ing  shou ld  be  speci f i ed .  

NOTE  2  Temporal -average i n tensi ty  i s  expressed  i n  watts  per metre  squared   (Wm
- 2
) .   

[I EC  621 27-1 :2007,  defi n i t i on  3 . 65]  

3.56   
thermal  i ndex 
TI 

rat io  of  attenuated  acoustic  output  power  at  a  speci fi ed  po in t  to  the  attenuated  acoustic  
output  power  requ i red  to  raise  the  temperatu re  at  that  po in t  i n  a  speci f i c  t i ssue  model  by 
1  °C  

NOTE  See  Annex A for  rat i onale  and  deri vati on  notes.  

3.57  
transducer assembly 
those  parts  of  medical  d iagnostic  u l trasonic  equ ipment  compris i ng  the  u l trasonic 
transducer  and/or  ul trasonic transducer element  g roup,  together wi th  any i n teg ral  
components ,  such  as  an  acoustic  l ens  or  i n tegral  s tand-off  

NOTE  The  transducer assembly  i s  u sual l y  separable  from  the  u l trasound  i nstrument  console.  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 69]  

3.58   
transmit  pattern  
combination  of  a  speci f i c  set  of  transducer beam-form ing  characterist ics  (determ ined  by the  
transm i t  aperture  s i ze,  apod i zati on  shape  and  re lat i ve  t im ing /phase  delay pattern  across  the  



 – 22  – IEC  62359:201 0+AMD1 :201 7  CSV  

    I EC  201 7  

aperture,  resu l ti ng  i n  a  speci f ic  focal  l eng th  and  d i rection )  and  an  e lectrical  dri ve  waveform  of  
a  speci f i c  f i xed  shape  bu t  variable  ampl i tude  

3.59   
u l trason ic  scan  l ine  
for scann ing  systems,  the  beam  axis  for a  part icu lar u l trasonic transducer element  g roup,  
or  for  a  part icu lar exci tat i on  of  an  u l trason ic transducer  or  u l trasonic transducer element  
g roup  

NOTE  1  Here  an  u l trasonic  scan  l i ne  refers  to  the  path  of  acousti c  pu l ses  and  not  to  a  l i ne  on  an  image  on  the  
d i splay screen  of  a  system .  

NOTE  2  The  case  where  a  s i ng l e  exci tati on  produces  u l trason i c  beams  propagati ng  al ong  more  than  one  beam  
axis  i s  not  cons idered .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 71 ,  modi f ied ]  

3.60    
u l trason ic  transducer 
device  capable  of  converti ng  e lectrical  energy to  mechan ical  energy wi th in  the  u l trason ic  
frequency range  and/or  reciprocal l y of  convert i ng  mechan ical  energy to  e l ectrical  energy  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 73]  

3.61    
i nstantaneous  acoustic  pressure  
p(t)  
pressure  m inus  the  ambien t  pressure  at  a  particu lar  i nstant  i n  t ime  and  at  a  part icu lar  poi n t  i n  
an  acoustic  f i e ld  

NOTE  Instantaneous  acoustic  pressure  i s  expressed  i n  pascals  (Pa) .  

[SOURCE:  IEC  621 27-1 :2007,  3 . 33,  mod i f i ed  – The  reference  to  I EV 801 -01 -1 9  has  been  
removed  i n  the  defi n i t i on ]  

3.62    
attenuated  instantaneous acoustic  pressure  
pα(z,t)  
value  of  the  instantaneous acoustic  pressure  at  t ime  t  after  attenuation  on  a  p lane  
perpend icu lar  to  the  beam  axis  at  a  speci f i ed  d istance  z  from  the  source,  and  g i ven  by 

 ( ) ( ) ( )dB20awf1 0,,
fztzptzp a

a
−=  (26)  

where  

a  i s  the  acoustic  attenuation  coefficient ;  

z  i s  the  d istance  from  the  source  to  the  po in t  (plane)  of  i n terest;  

fawf   i s  the  acoustic  working  frequency;  

p(z, t)  i s  the  instantaneous acoustic  pressure  

NOTE  Attenuated  i nstantaneous acoustic  pressure  i s  expressed  i n  pascals  (Pa) .  

3.63    
attenuated  pu lse-pressure-squared  in tegral  
ppsiα(z)  
t ime  i n tegral  of  the  square  of  the  attenuated  instantaneous acoustic  pressure ,  i n tegrated  
over the  acoustic  pu lse  waveform ,  on  a p lane  perpend icu lar to  the  beam  axis  at  a  speci f ied  
d istance  z  i n  an  acoustic  f ie ld  
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where  

p(z, t)  i s  the  instantaneous acoustic  pressure at  depth  z.  

a  i s  the  acoustic  attenuation  coefficient ;  

z  i s  the  d istance  from  the  source  to  the  po in t  (plane)  of  i n terest;  

fawf  i s  the  acoustic  working  frequency;  

ppsi  i s  the  pu lse-pressure-squared  in teg ral  

NOTE  1  Attenuated  pu lse-pressure-squared  i n tegral  i s  expressed  i n  pascal  squared  seconds  (Pa2s) .  

NOTE  2  See  defi n i t i on  3 . 43  for the  non -attenuated  vers ion ;  wi th  the  add i t i on  here  of  the  perpend icu l ar p lane  at  
depth  z.  

3.64   
attenuated  scan  i n tensi ty in teg ral  
siiα(z)  
sum  of  the  attenuated  pu lse  in tensi ty in teg rals  i n  one  scan  (one  frame of  u l trason ic  scan  
l ines)  at  depth  z  

NOTE  1  Attenuated  scan  i n tensi ty i n teg ral  i s  expressed  i n  j ou les  per square  metre  (Jm –2 ) .  

NOTE  2  For measu rement  pu rposes  of  th i s  s tandard ,  sii
α
(z)  i s  equ i val en t  to  1 /(ρc)  t imes  the  sum  of  attenuated  

pu lse-pressure-squared  i n tegrals  at  depth  z,  for  z  ≥  z
bp
,  wi th  ρc  denoti ng  the  characteri st i c  acousti c  impedance  of  

pu re  water.  

NOTE  3  See  defi n i t i on  3 . 79  for the  non-attenuated  vers ion .  

3.65   
attenuated  spatial -peak pu lse-average i n tensi ty 
Isppa , α(z)  
maximum  value  of  the  spatial -peak pu lse-average i n tensi ty  after attenuation ,  on  a p lane  
perpend icu lar  to  the  beam  axis  at  a  speci f i ed  d istance  z  f rom  the  source,  and  g i ven  by  

  ( )
( )

( )z
zt

zI pii, aa
d

sppa

1
=  (28)  

where  

td(z)  i s  the  pu lse duration  at  the  same depth  z;  

piiα(z)  i s  the  at tenuated  pu lse- intensi ty in teg ral  at depth  z  

NOTE  1  Attenuated  spati al -peak pu l se-average i n tensi ty i s  expressed  i n  watts  per square  metre  (Wm –2 ) .  

NOTE  2  For measurement  pu rposes  of  th i s  s tandard ,  pii
α
(z)  i s  equ i valen t  to  1 /(ρc)  t imes  the  attenuated  pu lse-

pressure-squared  i n teg rals  at  depth  z,  ppsi
α
(z) ,  for  z  ≥  z

bp
,  wi th  ρc  d enot i ng  the  characteri st i c  acoust i c  impedance  

of  pu re  water.  

NOTE  3  See  defi n i t i on  3 . 81  for the  non-attenuated  vers ion .  

3.66   
attenuated  sum  of  pu lse-pressure-squared  in teg rals  
sαppsi (z)  
attenuated  value  of  the  sum  of  pulse-pressure-squared  in teg rals  i n  one  scan  (one  frame of  
ul trason ic scan  l ines)  at  depth  z  

NOTE  1  Attenuated  sum  of pu lse-pressure-squared  i n teg rals  i s  expressed  i n  pascal  squared  seconds  (Pa2s ) .  

NOTE  2  The  attenuated  sum  of pu lse-pressure-squared  i n tegrals  at  depth  z  wi l l  be  equal  to  the  sum  of 
attenuated  pu lse-pressure-squared  i n tegral s  i f  each  u l trasonic  scan  l i ne  i n  the  frame  wh ich  i s  i ncl uded  i n  the  
sum  has  the  same  acoustic  working  frequency.  



 – 24  – IEC  62359:201 0+AMD1 :201 7  CSV  

    I EC  201 7  

NOTE  3  See  F. 3 . 1 . 4. 2  for  add i t i onal  expl anati on .  

NOTE  4  See  defi n i t i on  3 . 83  for  the  non -attenuated  vers ion .  

3.67   
depth  for  maximum  Isppa  
zsppa,max  
depth  z  on  the  beam  axis  and  beyond  the  break-point  depth  zbp  of  maximum  spatial -peak 
pu lse-average in tensi ty  

NOTE  1  Depth  for  maximum  I
sppa

 i s  expressed  i n  metres  (m ) .  

NOTE  2  Th i s  depth  i s  equ i val en t  to  the  depth  for  maximum  pii.  

3.68   
depth  for  maximum  Isppa ,α  
zsppa,α ,max  
depth  z  on  the  beam  axis  and  beyond  the  break-point  depth  zbp  of  maximum  attenuated  
spatial -peak pu lse-average in tensi ty  

NOTE  1  Depth  for  maximum  I
sppa , α

 i s  expressed  i n  metres  (m ) .  

NOTE  2  Th i s  depth  i s  equ i val en t  to  the  depth  for  maximum  pii
α

.  

3.69    
depth  for  maximum  Ispta  
zspta,max  
depth  z  on  the  beam  axis  and  beyond  the  break-point  depth  zbp  o f  maximum  spatial -peak 
temporal -average in tensi ty  

NOTE  1  Depth  for  maximum  I
spta

 i s  expressed  i n  metres  (m ) .  

NOTE  2  For non -scanning  modes ,  th i s  depth  i s  equ i val en t  to  the  depth  for  maximum  pii.  For scanning  
modes ,  i t  i s  equ i val en t  to  the  depth  for  maximum  sii.  

3.70    
depth  for  maximum  Ispta ,α  
zspta,α,max  
depth  z  on  the  beam  axis  and  beyond  the  break-point  depth  zbp  o f  maximum  attenuated  
spatial -peak temporal -average in tensi ty  

NOTE  1  Depth  for  maximum  I
spta ,α

 i s  expressed  i n  metres  (m ) .  

NOTE  2  For non-scanning  modes ,  th i s  depth  i s  equ i val en t  to  the  depth  for  maximum  pii
α
.  For scanning  

modes ,  i t  i s  equ i val en t  to  the  depth  for  maximum  sii
α
.  

3.71    
depth  for  maximum  piiα  
zpii, α  
depth  z  on  the  beam  axis  and  beyond  the  break-point  depth  zbp  o f  maximum  attenuated  
pu lse- intensi ty in teg ral  

NOTE  1  Depth  for  maximum  pii
α  i s  expressed  i n  metres  (m ) .  

NOTE  2  Th i s  depth  i s  equ i valen t  to  the  depth  for  maximum  ppsi
α
,  z

ppsi, α
,  when  z

ppsi, α  occurs  beyond  the  break-
point  depth  (see  3 . 73 ) .  

NOTE  3  Depth  for  maximum  pii
α
 i s  termed  "depth  for peak attenuated  pu l se- i n tens i ty  i n teg ral "  i n   

I EC  60601 -2-37: 2007+IEC 60601 -2-37:2007/AMD1 :201 5.  

3.72    
depth  for  maximum ppsi  
zppsi  
depth  z  on  the  beam  axis  o f  maximum  pulse-pressure-squared  in teg ral  
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NOTE  1  Depth  for  maximum  ppsi  i s  expressed  i n  metres  (m ) .  

NOTE  2  When  i t  occurs  beyond  the  break-poin t  depth ,  th i s  depth  i s  equ i valen t  to  the  depth  for  maximum  pii,  

z
pii
 (see  3 . 24) .  

3.73    
depth  for  maximum  ppsiα  
zppsi,α  
depth  z  on  the  beam  axis  o f  maximum  attenuated  pu lse-pressure-squared  in teg ral  

NOTE  1  Depth  for  maximum  ppsi
α
 i s  expressed  i n  metres  (m ) .  

NOTE  2  When  i t  occurs  beyond  the  break-poin t  depth ,  th i s  depth  i s  equ i valen t  to  the  depth  for  maximum  pii
α
,  

z
pii, α

 ( i . e .  depth  for  maximum  attenuated  pu lse-in tensi ty i n tegral ) .  

NOTE  3  Th i s  depth  i s  the  depth  for  mechanical  i ndex ,  z
MI
 (see  3 . 23) .  

3.74    
depth  for  maximum  sii  
zsii  
depth  z  on  the  beam  axis  and  beyond  the  break-point  depth  zbp  o f  maximum  scan-intensi ty 
in teg ral  

NOTE  1  Depth  for  maximum  sii  i s  expressed  i n  metres  (m ) .  

NOTE  2  Th i s  depth  i s  equ i valen t  to  the  depth  for  maximum  sppsi,  z
sppsi

,  when  z
sppsi

 occurs  beyond  the  break-
point  depth  (see  3 . 76) .  

NOTE  3  Depth  for  maximum  sii  i s  termed  "depth  for  peak sum  of  pu l se- i n tens i ty  i n teg ral s"  i n   
I EC  60601 -2-37: 2007+IEC 60601 -2-37:2007/AMD1 :201 5.  

3.75    
depth  for  maximum  siiα  
zsii, α  
depth  z  on  the  beam  axis  and  beyond  the  break-point  depth  zbp  o f  maximum  attenuated  
scan-intensi ty in teg ral  

NOTE  1  Depth  for  maximum  sii
α
 i s  expressed  i n  metres  (m ) .  

NOTE  2  Th i s  depth  i s  equ i valen t  to  the  depth  for  maximum  sppsi
α
,  z

sppsi, α
,  when  z

sppsi, α
 occu rs  beyond  the  

break-poin t  depth  (see  3 . 77) .  

NOTE  3  Depth  for  maximum  sii
α
 i s  termed  "depth  for peak sum  of  attenuated  pu l se- i n tens i ty  i n tegral s"  i n  

I EC  60601 -2-37: 2007+IEC 60601 -2-37:2007/AMD1 :201 5.  

3.76    
depth  for  maximum  sppsi  
zsppsi  
depth  z  on  the  beam  axis  of  maximum  sum  of  pu lse-pressure-squared  in teg rals  

NOTE  1  Depth  for  maximum  sppsi i s  expressed  i n  metres  (m ) .  

NOTE  2  When  i t  occu rs  beyond  the  break-point  depth ,  th i s  depth  i s  equ i val en t  to  the  depth  for  maximum  sii,  z
sii
 

(see  3 . 74) .  

NOTE  3  Depth  for  maximum  sppsi  i s  termed  "depth  for  peak sum  of  pu l se- i n tens i ty  i n tegral s"  i n   
I EC  60601 -2-37: 2007+IEC 60601 -2-37:2007/AMD1 :201 5.  

3.77   
depth  for  maximum sppsiα  
zsppsi,α  
depth  z  on  the  beam  axis  of  maximum  sum  of  attenuated  pu lse-pressure-squared  
in teg rals  

NOTE  1  Depth  for  maximum  sppsi
α  
i s  expressed  i n  metres  (m ) .  
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NOTE  2  When  i t  occu rs  beyond  the  break-poin t  depth ,  th i s  depth  i s  equ i valen t  to  the  depth  for  maximum  sii
α
,  

z
si i , α  

 (see  3 . 75) .  

NOTE  3  Depth  for  maximum  sppsi
α
 i s  termed  "depth  for  peak sum  of  attenuated  pu l se- i n tens i ty  i n teg ral s"  i n  

I EC  60601 -2-37: 2007+IEC 60601 -2-37:2007/AMD1 :201 5.  

3.78    
pu lse-average in tensi ty  
Ipa  
quoti ent  of  the  pulse-in tensi ty in teg ral  to  the  pulse  du ration  at  a  particu lar  poin t  i n  an  
acoustic  f i e ld  

NOTE  1  Th i s  defi n i t i on  appl i es  to  pu l ses  and  bu rsts .  

NOTE  2  Pu lse-average i n tensi ty i s  expressed  i n  watts  per square  metre  (Wm –2 ) .  

[I EC  621 27-1 :2007+IEC  621 27-1 :2007/AMD1 :201 3,  3 . 47]  

3.79    
scan  in tensi ty i n tegral  
sii 

sum  of  the  pu lse in tensi ty in teg rals  i n  one  scan  (one  frame of  ul trasonic scan  l i nes )  at  
depth  z  i n  the  acoustic  f i e l d  

NOTE  1  Scan  i n tensi ty i n tegral  i s  expressed  i n  j ou l es  per square  metre  (Jm –2 ) .  

NOTE  2  For measurement  pu rposes  of  th i s  s tandard ,  sii  i s  equ i val en t  to  1 /(ρc)  t imes  the  sum  of  pu lse-pressure-

squared  i n teg ral  at  depth  z where  ρc  i s  the  characteri st i c  acoust i c  impedance  of  pu re  water.  

3.80    
scan  repeti tion  rate  
srr 

i nverse  of  the  scan  repeti tion  period  (see  3. 50)  

NOTE  Scan  repeti ti on  rate  i s  expressed  i n  hertz  (Hz) .  

3.81    
spatial -peak pu lse-average in tensi ty  
Isppa(z)  
maximum  value  of  the  pulse-average in tensi ty  on  a  plane  perpend icu lar  to  the  beam  axis  at  
a  speci f ied  d is tance  z  from  the  source,  and  g i ven  by 

 ( )
( )

( )z
zt

zI pii
d

sppa

1
=  

 
(29)  

where  

td(z)  i s  the  pu lse du ration  at  the  same depth  z;  

pii(z)   i s  the  pu lse-in tensi ty in teg ral  at  depth  z  

NOTE  1  Spati al -peak pu lse-average i n tensi ty i s  expressed  i n  watts  per square  metre  (Wm –2 ) .  

NOTE  2  For measurement  pu rposes  of  th i s  s tandard ,  pii(z)  i s  equ i val en t  to  1 /(ρc)  t imes  the  pu lse-pressure-

squared  i n tegral  at  depth  z,  ppsi(z) ,  for z  ≥  z
bp
,  wi th  ρc  d enoti ng  the  characteri st i c  acoust i c  impedance  of  pu re  

water.  

NOTE  3  See  I EC  621 27-1 :2007,  3 . 60,  wh i ch  has  been  mod i f i ed  to  speci fy  the  perpend i cu lar p lane  at  depth  z.  
Equati on  (29)  and  Note  2  have  been  added,  i n  accordance wi th  I EC  621 27-1 : 2007,  Equati on  (1 5 ) .  
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3.82    
sum  of  attenuated  pu lse-pressure-squared  in teg rals  
sppsiα(z)  
sum  of  the  attenuated  pu lse-pressure-squared  in tegrals  i n  one  scan  (one  frame of  
u l trason ic scan  l ines )  at  depth  z  

NOTE  1  Sum  of attenuated  pu lse-pressure-squared  i n teg rals  i s  expressed  i n  pascal  squared  seconds  (Pa2s) .  

NOTE  2  Cl osely  re l ated  to  the  attenuated  scan  i n tensi ty i n tegral ,  see  3 . 64.  

NOTE  3  The  sum  of attenuated  pu lse-pressure-squared  i n tegrals  at  depth  z  wi l l  be  equal  to  the  attenuated  
sum  of  pu lse-pressure-squared  i n teg rals  at  depth  z i f  each  u l trasonic  scan  l i ne  i n  the  frame  wh ich  i s  i ncl uded  
i n  the  sum  has  the  same acoustic  working  frequency.  

3.83    
sum  of  pu lse-pressure-squared  in teg rals  
sppsi(z)  
sum  of  pulse-pressure-squared  in teg rals  i n  one  scan  (one  frame of  ul trasonic scan  l ines)  
at  depth  z  

NOTE  1  Sum  of pu lse-pressure-squared  i n tegral s  i s  expressed  i n  pascal  squared  seconds  (Pa2s ) .  

NOTE  2  The  sppsi  at  depth  z  may al so  be  referred  to  as  the  scan  pu l se  pressure  squared  i n tegral  and  i s  
proport i onal  to  the  scan  i n tensi ty i n tegral  for  z  ≥  z

bp
.  

4 List  of  symbols  

a  acoustic  attenuation  coefficient   

Ab(z)  beam  area  

Aeq (z)  equ ivalent  beam  area  

Aob  output  beam  area  

Asa  scanned  aperture  area  

arp  acoustic  repeti t ion  period  

CMI normal i zi ng  coeff ici ent  

CTIS, 1  normal i zi ng  coeff ici ent   

CTIS,2  normal i zi ng  coeffici ent  

CTIB, 1  normal i zi ng  coeff ici ent  

CTIB,2  normal i zi ng  coeff ici ent  

CTIC normal i zi ng  coeff ici ent  

CK  normal i zi ng  coeff ici ent  

Csb  normal i zi ng  coeff ici ent  

d6  –6  dB  beam  d iameter  

Deq  equ ivalent  aperture  d iameter  

deq (z)   equ ivalent  beam  d iameter  

fawf   acoustic  working  frequency 

Ita  temporal -average in tensi ty  

Ita ,a(z)  attenuated  temporal -average  in tensi ty 

Isata  spatial -average temporal -average in tensi ty  

Isata,a(z)  attenuated  spatial -average  temporal -average  in tens i ty 

Isppa  spatial -peak pu lse-average in tensi ty  

Isppa , α  attenuated  spatial -peak pu lse-average in tensi ty 

Ispta  spatial -peak temporal -average in tensi ty  
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Ispta,a(z)  attenuated  spatial -peak temporal -average in tensi ty  

Ita  temporal -average in tensi ty  

K thermal  conducti vi ty  

MI mechanical  i ndex 

µ 0    acoustic  absorption  coeffi cient  

P  output  power 

Pa(z)  attenuated  output  power 

P1 x1    bounded-square ou tput  power 

P1 x1 ,a  (z)   attenuated  bounded-square  output  power 

pii pulse- intensi ty in teg ral  

piia(z)  attenuated  pu lse-intensi ty in teg ral  

Pp  power parameter 

ppsiα  attenuated  pu lse-pressure-squared  in tegral  

ppsi(z)  pulse-pressure-squared  in teg ral  

pr  peak-rarefactional  acoustic  pressure  

pr,a(z)  attenuated  peak-rarefactional  acoustic  pressure  

prp  pulse  repeti tion  period  

prr  pulse  repeti tion  rate  

sii scan  i n tensi ty i n tegral  

siiα  attenuated  scan  in tensi ty in teg ral  

sppsi sum  of  pu lse-pressure-squared  in teg rals  

sαppsi attenuated  sum  of  pu lse-pressure-squared  in teg rals  

sppsiα  sum  of  attenuated  pu lse-pressure-squared  in teg rals  

srp  scan  repeti tion  period  

srr scan  repeti tion  rate  

TI thermal  i ndex 

TIB bone thermal  index 

TIBas,sc  TICsc  bone  thermal  index  at-surface,  scann ing   

TIBas, ns  TICns  bone  thermal  index  at  su rface,  non-scann ing   

TIBbs,sc  bone  thermal  index  be low su rface,  scann ing   

TIBbs, ns  bone  thermal  index  be low su rface,  non-scann ing   

TIC cran ial -bone thermal  i ndex 

TIS soft  t i ssue thermal  i ndex 

TISas,sc  soft  t i ssue  thermal  i ndex  at-surface,  scann ing   

TISas, ns  soft  t i ssue  thermal  i ndex  at  su rface,  non -scann ing   

TISbs,sc  soft  t i ssue  thermal  i ndex  below surface,  scann ing   

TISbs, ns  soft  t i ssue  thermal  i ndex  below surface,  non-scann ing   

td  pulse  duration  

w6 ,  w1 2 ,  w20  beamwidth  

Xob  ,  Yob  output  beam  d imensions  

z   d istance  from  the  external  transducer aperture  to  a  speci fi ed  po in t  

zb, ns     depth  for  TIB  below surface  for  non-  scanned  modes  

zbp  break-point  depth  
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zpii depth  for  peak pu lse-in tensi ty in teg ral  maximum pii  

zpii, α  depth  for  maximum piiα  

zppsi  depth  for  maximum ppsi  

zppsi, α  depth  for  maximum ppsiα  

zMI depth  for  MI  

zsii  depth  for  maximum sii  

zsii, α  depth  for  maximum siiα  

zs, ns     depth  for  TIS  below surface  for  non -  scanned  modes  

zsppa,max  depth  for  maximum Isppa  

zsppa ,α,max  depth  for  maximum Isppa ,α  

zspta,max  depth  for  maximum Ispta  

zspta,α,max  depth  for  maximum  Ispta,α  

zsppsi  depth  for  maximum  sppsi  

zsppsi, α  depth  for  maximum sppsiα  

5 Test  methods for determining  the mechanical  index  and  the thermal  index 

5. 1  General  

This  clause  def ines  methods  for determ in i ng  an  exposure  parameter re lati ng  to  temperatu re  
ri se  i n  theoretical  t i ssue-equ ivalent  models,  and  also  an  exposure  parameter for non- thermal  
effects.  These  exposure  parameters,  referred  to  as  i nd ices,  are  re lated  to  the  safe  use  of  
ul trason ic  medical  d iagnostic  u l trasonic  equ ipment .  The  i nd ices  are  in tended  to  be  used  
i n  I EC 60601 -2-37.  

These  i nd ices  shal l  be  determ ined  i n  accordance  wi th  5 . 2  to  5. 5  for a  part icu lar u l trason ic  
f i e l d  con fi gurati on  generated  by a  d iscrete-operating  mode  o f  speci fi c  ul trason ic  med ical  
d iagnostic  u l trason ic  equ ipment .  For  combined-operating  modes ,  the  procedures  
speci f ied  i n  5 . 6  shal l  be  used .  Background  material  i s  g i ven  i n  Annex  A.  “Rati onale  and  
derivati on”.   

Acoustic  ou tpu t  measurements  shal l  be  undertaken  us i ng  test  methods  based  on  the  use  of  
h ydrophones  i n  accordance  wi th  I EC  621 27-1  or  the  use  of  rad iati on  force  balances  for power 
measurements  i n  accordance  wi th  I EC 61 1 61 .  Al l  such  measuremen ts  shal l  be  made in  water 
(see  also  Annex B) .  The  measurement  uncertai n ty i s  to  be  determ ined  by fo l lowing  [ 9] .  

I n  al l  cases  where  bounded-square output  power  i s  determ ined,  the  l ocation  of  the  
bound ing  mask or  equ ivalent  means  (see  Annex B)  shal l  be  such  as  to  determ ine  the  l argest  
value.  

The  value  of  the  acoustic  attenuation  coefficient  shal l  be  0, 3  dB  cm–1  MHz–1 .  Th is  value  i s  
se lected  as  an  appropriate  attenuati ng  coeff ic ient  for a  homogeneous  model  i n tended  to  be  
equ ivalent  to  the  attenuati on  in  reasonable  worst-case  cond i t i ons  of  cl i n ical  use.   

The output beam area  may be determined by using  a l ine scanning  or a raster-scanning  hydrophone.  
I f the output beam  area is  expected to be circular i t may be sufficient to measure the w20  beamwidth  
along  the x and y axes.  I f  the  beamwidths are equal  with in  5 %,  then also measure the diagonal  

widths of the aperture at ±  45°  to the x axis.  I f the diagonal  widths are also within  5 %,  then the 
symmetry is circular for present purposes.  I f the diagonal  widths differ by more than 5 % compared to 
the x or y widths,  the symmetry is not circular and measurements may be performed by raster 
scanning,  but not l ine scanning.  See IEC 61 828 for more.   

NOTE  1  Temperature  r i se  i n  t i ssue  due  to  transducer su rface  sel f-heati ng  has  not  been  taken  i n to  account  i n  the  
determ inati on  of  the  thermal  i ndex [ 1 0] .  See  Annex C.  
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NOTE  2  The  attenuati on  model  used  i s  not  always  appl i cable.  Recent  l i teratu re  suggests  that  sometimes  other 
models  shou ld  be  used  [ 1 1 ] .  See  Annex D  for  more  d i scuss ion .  

NOTE  3  See  Annex D  for  more  d i scuss ion  of  ‘ reasonable  worst  case’ .  

NOTE  4  Bas i c  S I  un i ts  have  been  speci f i ed  i n  Clause  3 .  The  expressions  i n  the  fo l l owing  c lauses  and  annexes  
were  formu lated  us i ng ,  e . g .  cen t imetres  (cm ) ,  m i l l iwatts  (mW),  and  megahertz  (MHz)  

5.2  Determination  of  mechanical  index 

5.2. 1  Determination  of  attenuated  peak-rarefactional  acoustic  pressure  

The calcu lat ion  of  mechanical  index requ i res  determ inati on  of  the  value  of  the  attenuated  
peak-rarefactional  acoustic  pressure at the  l ocation  of  the  maximum  attenuated  pu lse-
intensi ty i n tegral  (zpii, α) .  Th is  l ocation  shou ld  be  determ ined  accord ing  to  the  procedures  set  
ou t  i n  I EC  621 27-1  for  the  l ocation  of  peak pulse-pressure-squared  in teg ral ,  wi th  the  
add i t i on  that  for al l  measurement l ocations  an  acoustic  attenuation  coefficient  shal l  be  
appl ied  to  the  pu lse-pressure-squared  in teg ral .   

5.2.2  Calcu lation  of mechan ical  index 

The mechan ical  index shal l  be  calcu lated ,  at  depth  zMI,  from  the  expression  as  defi ned  under 
3 . 32:  

    

1 /2

awfαr,

MIC

fp
MI

−⋅
=  (1 1 )  

where  

CMI =  1  MPa MHz
- 1 /2  

pr, α(zMI)   i s   the  attenuated  peak-rarefactional  acoustic  pressure  at  the  depth  zMI  

fawf    i s  the  acoustic-working  frequency.  

5.3  Determination  of  thermal  index – general  

The method  of  determ ination  of  the  thermal  i ndex depends  on  the  t i ssue  model  be ing  
assumed  (TIS,  TIB  or  TIC t i ssue  model )  and,  for  the  TIS  and  TIB  models,  i t  requ i res  the  
calcu lat i on  of  ‘at  surface’  and  ‘below surface’  values  and  taking  the  l arger.  For combined-
operating  modes ,  ‘ at  su rface’  and  ‘below surface’  contri bu tions  from  scann ing  modes and  
non-scann ing  modes  are  calcu lated  and  summed,  the  d isplayed  TI  be ing  the  l arger  sum .  

The determ ination  methods  for these  ‘at  surface’ ,  ‘ be low su rface’ ,  ‘ scann ing ’  and  ‘ non -
scann ing ’  componen ts  are  described  i n  the  fo l l owing  secti ons .   

NOTE  1  The  thermal  i n d i ces  are  s teady s tate  estimates  based  on  the  acousti c  output  power  requ i red  to  produce  
a  1  °C  temperatu re  r i se  i n  t i ssue  con form ing  to  the  “homogeneous  t i ssue  0 , 3  dBcm

- 1
MHz

- 1
 at tenuati on  model ”  [1 ]  

and  may not  be  appropriate  for  rad iati on  force  imag ing ,  or  s im i l ar  techn iques  that  employ pu l ses  or  pu l se  bu rsts  of  
su ff i ci en t  du rati on  to  create  a  s i gn i f i can t  trans ien t  temperatu re  ri se.  [2 ] .  

NOTE  2  At  present  the  heat  conducti on  from  transducer su rface  i s  not  evaluated  nor i ncl uded  i n  the  methods  for  
determ in i ng  the  exposu re  parameters.  See  Annex C.  

5.4  Determination  of  thermal  index in  non-scann ing  mode  

5.4. 1  Determination  of  soft  t i ssue thermal  index for non-scann ing  modes  

5.4. 1 .1  Determination  of  soft  t i ssue thermal  index at-surface for non-scanning  
modes,  TISas,ns  

For each  transmit  pattern  i n  a  non-scanning  mode  the  soft  t i ssue thermal  i ndex  at-
surface  for  a  non-scann ing  mode ,  TISas , ns ,  shal l  be  calcu lated  from :  
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1,

awf11
nsas,

TIS

x

C

fP
TIS =  (1 2)  

where  

CTIS, 1  =  21 0  mW MHz;  

P1 x1    i s  the  bounded-square  output  power;  

fawf    i s  the  acoustic  working  frequency.  

5.4. 1 .2  Determination  of  soft  t i ssue  thermal  index TIS  below-surface for  non-
scanning  modes,  TISbs,ns  

For each  transmit  pattern  i n  a  non-scann ing  mode,  the  depth  for TIS,  zs , ns ,  shal l  be   
determ ined  by the  range  along  the  beam  axis  to  the  plane  at  wh ich  the  l ower value  of  the  
attenuated  output  power and  the  product  of  the  attenuated  spatial -peak temporal -average  
in tensi ty mul ti pl ied  by 1  cm

2
 i s  maxim ized .  The  pos i t i on  of  the  maximum  value  of  th is  

parameter,  for  z  ≥  zbp,  shal l  be  zs , ns .  

 

 [ ( ) ( )( ) ]zPzIz
αα

,cm1minmaxofdepth 2

,sptanss, ×=  (1 3)  

NOTE  See  Annex A for  d i scuss ion  of  the  zs ,ns  ≥  zbp  convent i on .  

For each  transmit  pattern  i n  a  non-scanning  mode  the  soft  t issue thermal  index  be low 
surface  for  a  non-scann ing  mode ,  TISbs , ns ,  shal l  be  calcu lated  from :  

 
( )

,1

awfnss,

nsbs,

TIS

α

C

fzP
TIS =  (1 4)  

or 

 
( )

,2

awfnss, ,spta

nsbs,

TIS

α

C

fzI
TIS =  (1 5)  

wh ichever  yi e l ds  the  smal ler  value,   

where  

CTIS, 1  =  21 0  mW MHz;   

CTIS,2  = 21 0  mW cm
-2
 MHz;  

Pa  (zs ,ns)  i s  the  attenuated  output  power  at  zs ,ns ,  the  depth  for TIS  

fawf   i s  the  acoustic  working  frequency;  

Ispta ,a(zs, ns)  i s  the  attenuated  spatial -peak temporal -average  i n tens i ty at  zs , ns ,  the  depth  for  
TIS.  

NOTE  As  TISbs, ns  i s  to  be  determ ined  on  the  beam  axi s ,  Ispta(z) ,  may be  approximated  by taki ng  the  Ita(z)  val ue  
on  the  beam  axi s .  

Thus,  TISbs, ns  i s  determ ined  at  depth  zs, ns  from :           

  

 
( ) ( )









=

2,

awfnss,spta,

1,

awfnss,

nsbs, ,min
TISTIS C

fzI

C

fzP
TIS

aa
 (1 6)  

 [see  Table  A. 2  “B” ]  



 – 32  – IEC  62359:201 0+AMD1 :201 7  CSV  

    I EC  201 7  

5.4.2  Determination  of  bone  thermal  i ndex,  TIB,  for  non-scann ing  modes  

5.4.2.1  Determination  of  bone thermal  i ndex at  su rface for non-scann ing  modes,  
TICns  (=  TIBas, ns )  

For each  transmit  pattern  i n  a  non-scanning  mode ,  the  (cranial )  bone thermal  i ndex  at-
surface  shal l  be  calcu lated  from :   

   

 

TICC

DP
TIBTIC

eq

nsas,ns

/
==    

TICC

DP
TIC

eq
ns

/
=  (  1 7)  

where  

CTIC   =   40  mW cm
- 1
;  

P     i s  the  output  power ;  

Deq    i s  the  equ ivalent  aperture d iameter;  calcu lati on  for non-scann ing  modes  as   
 described  i n  3 . 28  us i ng  the  output  beam  area Aob .  

NOTE  TIBas, ns  i s  al so  known  as  the  cran i al  bone  thermal  i n dex,  TICns .  TICns
 appl i es  to  the  bone-at-surface  case  

for non-scanning  modes .  

5.4.2.2  Determination  of  bone  thermal  i ndex below-surface  for non-scanning  modes,  
TIBbs, ns  

For each  transmit  pattern  i n  a  non-scann ing  mode,  the  depth  for TIB  shal l  be  determ ined  
from  the  dependence,  on  d is tance,  of  the  product  of  the  attenuated  ou tput  power and  the  
attenuated  spatial -peak temporal -average in tensi ty,  or  equ ivalentl y the  square  root  of  th is  
product.  The  pos i t i on  of  the  maximum  value  of  th i s  product,  for  depths  >=  zbp ,  shal l  determ ine  
zb, ns .   
     

 ( ) ( )( )zIzPz
αα ,sptansb, maxofdepth ×=   (1 8)  

NOTE  1  See  Annex A for  d i scuss ion  of  the  zb, ns  ≥  zbp  conven ti on .  

The  bone thermal  index  be low-surface  for non-scanning  mode ,  TIBbs, ns ,  shal l  be  calcu lated  
from :  

 
( ) ( )

,1

nsb,spta,nsb,

nsbs,

TIBC

zIzP
TIB

aa
=  (1 9)  

or  

 
( )

,2

nsb,

nsbs,

TIBC

zP
TIB

a=  (20)  

wh ichever  yie lds  the  smal lest  value;   

where  

CTIB , 1   =  50  mW cm
- 1
;  

CTIB , 2   =  4, 4  mW;  

Pα(zb, ns)   i s  the  attenuated  outpu t  power  at  the  depth  for  TIB;  

Ispta ,  α  (zb, ns)  i s  the  attenuated  spatial -peak temporal -average in tensi ty  at  the  depth  for 
TIB.   

NOTE  As  TIBbs, ns  i s  to  be  determ ined  on  the  beam  axi s ,  Ispta(z) ,  may be  approximated  by taki ng  the  Ita(z)  val ue  
on  the  beam  axi s .  
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Thus,  TIBbs , ns  i s  determ ined  at  depth  zb , ns  from :           

 

 
( ) ( ) ( )












=

2

nsb,

1

nsb,spta,nsb,

nsbs, ,min
TIB,TIB, C

zP

C

zIzP
TIB

aaa
 (21 )  

[see  Table  A. 2  “D1 ”]  

5.5  Determination  of  thermal  index in  scann ing  modes  

5.5. 1  Determination  of  soft  t i ssue thermal  index for scanning  modes  

5.5. 1 . 1  Determination  of  soft  t i ssue thermal  index at-surface for scanning  modes,  
TISas,sc  

For each  transmit  pattern  i n  a  scanning  mode ,  the  soft  t i ssue thermal  i ndex  at-surface  
shal l  be  calcu lated  from :  

 

1

awf
scas,

 

TIS,C

fP
TIS 1 x1=  (22)  

where   

CTIS, 1   =  21 0  mW MHz;   

P1 x1   i s  the  bounded-square-output-power (z = 0) ;  

fawf    i s  the  acoustic  working  frequency.  

5.5.1 .2  Determination  of  soft  t i ssue thermal  index below-surface for scanning  
modes,  TISbs,sc  

For each  transmit  pattern  i n  a  scann ing  mode  the  soft  t issue thermal  index  be low-surface  
for a  scann ing  mode ,  TISbs, sc ,  shal l  be  calcu lated  from :  

 

,1

awf
scas,scbs,

 

TISC

fP
TISTIS 1 x1==  (23)  

[see  Table  A. 2  “B2”]  

5.5.2  Determination  of  bone thermal  i ndex for scanning  modes  

5.5.2.1  Determination  of  bone  thermal  i ndex at  su rface  for scanning  modes,   
TICsc  (=TIBas,sc)   

The determ inati on  of  the  bone thermal  index  at-surface  for scanning  modes  shal l  be  
i dentical  to  that  for  bone  thermal  index  at-surface  for non-scann ing  modes ,  as  speci f i ed  i n  
5 . 4. 2 . 1 ,  except  that  Deq  i s  calcu lated  by us i ng  the  scanned  apertu re area  Asa  as  described  i n  
3 . 28.  

   

 

TICC

DP
TIBTIC

eq

scas,sc

/
==        

TICC

DP
TIC

eq
sc

/
=  (24)  

where  

CTIC   =  40  mW  cm
- 1
;  

P   i s  the  output  power ;  
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Deq    i s  the  equ ivalent  apertu re  d iameter;  calcu lat ion  for  scann ing  modes as  described  i n  
3 . 28  us ing  the  scanned  aperture  area  Asa .  

NOTE  TIBas, sc  i s  also  known  as  the  cran ial  bone  thermal  i ndex,  TICsc  TICsc
 appl i es  to  the  bone-at-

su rface  case  for  scanning  modes.  

5.5.2.2  Determination  of  bone thermal  i ndex below-surface for scanning  mode,  
TIBbs,sc  

The bone thermal  i ndex  be low-surface,  TIBbs, sc ,  shal l  be  calcu lated  from :   

   

1

awf
scas,scbs,

C

 

TIS

fP
TISTIB 1 x1==  (25)  

where  

CTIS, 1  =  21 0  mW  MHz;   

P1 x1   i s  the  bounded-square-output-power (z =  0) ;  

fawf    i s  the  acoustic  working  frequency .  

[see  Table  A. 2  “D . 2”]   

5.6  Calcu lations for  combined-operating  mode  

5.6. 1  Acoustic  working  frequency 

I n  a combined-operating  mode  wi th  more  than  one  type  of  transmit  pattern  employed  
during  the  scan  period ,  the  acoustic  working  frequency  shal l  be  cons idered  separatel y 
for  each  d i fferen t  transmit  pattern  as  appropriate  i n  calcu lati ng  the  thermal  i ndex  or  the  
mechanical  i ndex .  

5.6.2  Thermal  index 

For combined-operating  modes ,  the  at-surface  and  the  below-surface  thermal  index 
con tribu ti ons  for each  discrete-operating  mode  shal l  be  calcu lated  separate l y and  the  
i nd ivi dual  values  summed  appropriate l y,  as  shown  in  Table  1 .  For TIC the location  of the 
maximum temperature increase is  near the surface of the transducer assembly .  For TIB  the 
location  of the maximum temperature increase depends on  whether (as shown in  Table 1 )  the at-
surface TIS-summation  or the below-surface TIB-summation  is  larger.  In  the latter case,  choose zb  

as the depth  corresponding  to the non-scanning  mode,  TIBbs, ns  ,  since the scanning  mode 
contribution  to  TIBbs  i s  estimated  from  the at-surface value.  For TIS  the location  of the maximum 
temperature increase depends on  the combination  process.  TIS  shal l  be the summation  of at-
surface TISas  contributions  for al l  modes,  or the summation  of  below-surface TISbs  contributions for 
al l  modes,  whichever is  the larger.  I f  the at-surface TIS-summation  is  larger,  zs  is  equal  to  0.  I f  the 
below-surface TIS-summation  is  larger choose zs  as the depth  corresponding  to  the non-scanning  
mode,  TISbs, ns ,  since the scanning  mode contribution  to  TISbs  is  estimated  from  the at-surface 
value.  Table  1  summarizes  the  combination  formu lae  for each  of  the  thermal  index  
categories.  
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Table  1  – Summary of combination  formulae  for each  of the  THERMAL INDEX categories  

Thermal  
index 

categories 

Combinations of discrete mode values of thermal  index 

[equations for each discrete mode are shown in  Tables A.2]  

TIC  +=

− TPsscannedTPsscannednon

Modes

Discrete

TICTICTIC

_

scas,

_

nsas,as   

 +=

− TPsscannedTPsscannednon

Modes

Discrete

TICTICTIC

_

sc

_

nsas  

TIB  

 


















Modes

Discrete

Modes

Discrete

TIBTIS bsas ,Max  

 =  













+ 

−− TPsscannednonTPsscannednonTPsscanned

TIBTISTIS

_

nsbs,

_

nsas,

_

as,sc ,Max  

TIS  


















Modes

Discrete

Modes

Discrete

TISTIS bsas ,Max  

 =  













+ 

−− TPsscannednonTPsscannednonTPsscanned

TISTISTIS

_

nsbs,

_

nsas,

_

as,sc ,Max  

NOTE ‘scanned_TPs’ means Scanned Transmit Patterns  e.g.  B mode,  Color Mode 
‘non-scanned_TPs’ means Non-Scanned Transmit Patterns  e. g.  Pulsed  Doppler,  CW,  M 

 

5.6.3  Mechan ical  index 

For combined-operating  modes ,  th e  mechan ical  index  sh al l  be  th at for th e  d i screte-
operating  mode  wi th  th e  l arg est mechan ical  index .  

5.7  Summary of measured  quanti ties  for i ndex determination  

Tabl e  2  g i ves  a  su m m ary of th e  acou sti c q u an ti ti es  req u i red  for th e  d eterm i n ati on  of each  of 
th e  d efi n ed  safety-rel ated  i n d i ces.  S i n ce  atten u ated  q u an ti ti es  are  d eri ved  b y ca l cu l ati on  from  
associ ated  m easu red  free-fi e l d  q u an ti ti es,  both  atten u ated  an d  free-fi e l d  q u an ti ti es  are  
i n cl u d ed .  
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Table  2  – Summary of  the acoustic  quanti ti es  requ ired  
for  the determination  of  the  i nd ices  

Index MI TISas    

(at  su rface)  

TISbs  

 (below surface) 

TIBbs   

(below surface) 

TIC (TIBas)  

(at surface) 

Mode   

Scanning   

and   

non-scanning  

Scanning  

  

(=TISas,sc)  

non-
scanning  

Scanning  

 

(=  TISas,sc)  

non-
scanning  

Scanning   

and   

non-scanning  

fawf  at zpii  x  x  x  x  x  x   

P       x  

P1 x1   x  x   x    

Pa     x   x   

Ispta ,a     x   x   

pii  x    x   x   

piia  x    x   x   

pr ,a  x       

deq       x   

Deq        x  

zbp  x    x   x   

zs ,ns      x     

zb ,ns        x   

zMI x       

zpii  x   x   x   
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Annex A 
( in formative)  

 
 Rationale  and  derivation  of index models  

 

A.1  Overview  

This  annex provides  i n  summary a rati onale  and  derivation  gu i dance  for the  formu las  
presented  in  the  body of  th is  s tandard  for  mechanical  index  and  thermal  index .  Numerous  
references  are  made to  the  root  publ ications  from  wh ich  the  formu las  were  deri ved .  As  wi l l  be  
d iscussed  i n  the  deri vati on  notes  that  fo l l ow,  key parts  of  the  MI and  TI models  re l y on  
experimental  data.  Th is  annex does  not  attempt to  do  more  than  describe  re levant  resu l ts  of  
the  experiments.  A thorough  read ing  of  the  referenced  papers  i s  s trong ly recommended  i n  
order  to  obtain  a fu l l  u nderstand ing  of  the  model  derivation  notes  presen ted  herein .  

The  re lationsh ip  of  vari ous  acoustic  ou tpu t  parameters  ( for  example,  acoustic  i n tens i ty,  
pressure,  power,  etc. )  to  b io log ical  endpoin ts  i s  not  wel l  u nderstood  at  the  presen t  t ime.  
Evidence  to  date  has  i den ti f i ed  two  fundamental  mechan isms,  thermal  and  mechan ical ,  by 
wh ich  u l trasound  may induce  b io-effects  [ 1 2, 1 3] .  Th is  standard  provides  a un i form  means  for  
the  calcu lation  of  acoustic  ou tpu t  parameters  re levant  to  these  potential  b i o log ical  effects.  
The  rati onale  beh ind  these  calcu lat i on  methods  i s  twofo ld :  

a)  that  i n formation  be  provided  that  i s  represen tati ve  of  what  i s  occurri ng  in vivo  wi th  regard  
to  mechan ical  and  thermal  b i o-effects.  I t  i s  for  th is  reason  that  i nd ices  were  chosen  as  
opposed  to  absolu te  quanti ti es  not  shown  to  have  a  d i rect  corre lati on  to  bi o -effects;  

b)  that  u l trason ical l y i nduced  heating  and  acoustic  pressure  l evels  shou ld  be  main tained  at  a  
l eve l  as  l ow as  practical  wh i le  st i l l  provid ing  acceptable  d iagnostic  i n formation  ( the 
"ALARA Pri nciple") .  

A.2  General  rationale  

A.2. 1  Rationale  for attenuation  coeffi cient  of  the  t issue path  used  

The  absorption  coefficient  o f  typical  soft  t i ssue  i s  0 , 87  dB  cm
–1
 MHz

–1
.  S ince  the  

attenuation  coefficient  i ncludes  scatteri ng  and  d i ffus ion  as  wel l  as  absorpti on ,  the  
attenuation  coeffi cient  i s  always  g reater than  the  absorption  coefficient  for  the  same 
ti ssue  and  cond i t ions.  However,  the  attenuation  coefficient  o f  0 , 3  dB cm

–1
 MHz

–1  
i s  

frequentl y used  to  provide  a  conservati ve   safety marg in  when  model l i ng  the  attenuati on  of  
the  sound  path  reach ing  a target  t i ssue.  

The  choice  of  a  homogeneous  t i ssue  path  to  the  reg ion  of  i n terest  and  an  acoustic  
attenuation  coeffi cient  of  0 , 3  dB  cm

–1
 MHz

–1
 i s  a  comprom ise.  Other attenuati on  models  

were  evaluated  and  re jected ,  such  as  f i xed  d istance  models  [ 1 4]  and  the  use  of  a  
homogeneous  t i ssue  model  wi th  an  attenuation  coeff ic i en t  of  0 , 5  dB  cm

–1
 MHz

–1
,  a  value  more  

representati ve  of  many rad io log ical  and  card iac imag ing  appl ications .  However,  use  of  more  
than  one  attenuati on  model  wou ld  en tai l  an  i ncrease  i n  equipment  complexi ty and  cou ld  
create  a fu rther need  for user i npu t  to  se lect  appropriate  attenuati on  schemes.  Wi th  the  
se lected  comprom ise  i n  the  attenuation  model ,  the  mechan ical  i ndex and  thermal  index are  
s imple  to  implement and  use  and ,  most  importan tl y,  are  su ffi ci en t  to  al l ow users  to  m in im ize  
acoustic  ou tpu t  and  any correspond ing  poten tial  mechan ical  or  thermal  b io -effects.  

A.2.2  Thermal   properties  of  t issue used  in  calcu lation  of  the  thermal  i ndex   

The rat ionale  re lated  to  t i ssue  properties  used  i n  the  determ ination  of  the  thermal  index  (TI)  
i s  g i ven  in  [1 4, 22, 25,27] .  

A.2.3  Mechan ical  properties of  t i ssue used  in  calcu lation  of  the  mechan ical  index 
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The  rat ionale  re lated  to  t i ssue  properties  used  i n  the  determ inati on  of  the  mechanical  index  
(MI)  i s  g i ven  i n  [21 , 22, 24,27] .  

A.3  Mechanical  index (MI)  

A.3. 1  Rationale    

A mechan ical  index  i s  se lected  as  a value  to  be  calcu lated  as  an  i nd icator re lated  to  
mechan ical  effects.  The  i ndex  i s  i n tended  to  est imate  the  potential  for  mechan ical  b i o-effects.  
Examples  of  mechan ical  effects  i ncl ude  motion  (or stream ing )  around  compressible  gas  
bubbles  as  u l trasound  pressure  waves  pass  th rough  t i ssues,  and  energy re leased  i n  the  
i nert ial  co l l apse,  i . e . ,  cavi tation ,  of  m icrometer-s i zed  gas  bubbles .  

Wh i le  no  adverse  mechan ical  b i o-effects  i n  humans  have  been  reported  to  date  from  
exposure  to  u l trasound  ou tpu t  l eve ls  typical  of  ul trason ic  med ical  d iagnostic  u l trason ic  
equ ipment ,  several  observations  have  con tribu ted  to  the  development  of  the  mechanical  
index .  

– I n  l i thotri psy,  mechan ical  bi o-effects  are  i nduced  by u l trasound  wi th  peak pressures  in  the  
same range  as  those  that  are  sometimes  used  i n  d iagnostic  imag ing ,  albei t  at  s i gn i f i can tl y  
l ower frequencies.  

–  In vitro  experimen ts  and  observati ons  wi th  l ower organ isms  have  demonstrated  the  
poss ibi l i ty of  cavi tat ion  at  u l trasound  peak pressures  and  frequencies  i n  ranges  u ti l i zed  by 
some ul trason ic  med ical  d iagnostic  u l trasonic  equ ipment  [ 1 5] .  

– Lung  haemorrhage  has  been  demonstrated  i n  several  laboratory an imal  models  exposed  
to  leve ls  of  pu lsed  u l trasound  s im i lar to  those  used  i n  ul trason ic  med ical  d iagnostic  
u l trason ic  equ ipment.  Al though  th is  effect  has  been  demonstrated  i n  j u ven i l e  and  adu l t  
an imals,  s im i lar effects  have  not  been  found  i n  foetuses  [ 1 6, 1 7] .  

A.3.2  Derivation  notes  

The  cond i t i ons  that  affect  the  l ikel i hood  of  mechan ical  effects  are  not  yet  wel l  u nderstood;  
however,  i t  i s  g eneral l y agreed  that  the  l i kel i hood  i ncreases  as  peak-rarefactional  acoustic  
pressure  i ncreases,  and  decreases  as  the  u l trasound  frequency i ncreases.  Further,  i t  i s  
general l y bel i eved  to  be  a th reshold  effect,  such  that  no  effect  occurs  un less  a certain  ou tpu t  
l eve l  i s  exceeded  [ 1 8, 1 9, 20] .  

Wh i le  the  exis ting  l im i ted  experimen tal  data [ 21 ]  suggest  a  l i near frequency re lat i onsh ip,  a  
more  conservati ve  root- frequency re lat i onsh ip  was  selected.  The  mechanical  i ndex  i s  
def ined  as  i n  3 . 32  as  

 
( )

   

1 /2

awfr,

MI

MIα

C

fzp
MI

−×
=  (A.1 )  

where  

CMI =  1  MPa MHz
- 1 /2  

pr ,α(zMI)   i s   the  attenuated  peak-rarefactional  acoustic  pressure  at  the  depth  zMI  

zMI   i s  the  depth  for MI  

fawf  i s  the  acoustic-working  frequency.  

The  conven ti on  adopted  i n  [ 22]  and  con tinued  here  i s  to  use  the  pr ,α  value  determ ined  at  the  
pos i t ion  on  the  beam  axi s  of  maximum  attenuated  pu lse-intensi ty in teg ral ,  zMI.  The  i n ten t  i s  
to  reduce  measurement burden ,  as  the  pos i t ion  and  value  of  pr ,α(zMI)  i s  assumed  to  be  c lose  
to  the  pos i t i on  and  value  of  the  maximum  pr ,α(z) .  Th is  assumption  i s  more  accurate  when  
pressure  wave  propagati on  i s  more  nearl y l i near.  Wh i le ,  the  pos i t ion  and  value  of  the  
maximum  pr , α  (z)  d i verges  ( typical l y becom ing  shal l ower and  larger)  from  that  of  p r ,α  (zMI)  as  
the  effects  of  non l i near  propagation  become more  pronounced.   
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A.4  Thermal  index (TI)  

A.4. 1  Rationales  

A.4. 1 . 1  General  

The  re lationsh ip  between  temperature  ri se  and  thermal  b i o-effects  i n  t i ssues  i s  wel l  
establ ished  (numerous  stud ies, [1 , 5 ,7, 8, 1 4, 23, 24] ) .  Wh i le  present  acoustic  ou tpu t  
measurement  parameters,  such  as  

P  output  power,  

Ita  temporal -average in tensi ty,  and  

Ispta  spatial -peak temporal -average in tensi ty  

are  not  su i table  i nd i vi dual l y as  i nd icators  or  est imators  of  u l trasound- induced  temperature  
ri se,  combinations  of  these  parameters  ( together wi th  speci fi c  geometric  i n formation )  can  be  
used  to  calcu late  i nd ices  that  provide  an  estimate  of  ri sk of  hazard  from  temperatu re  ri se  i n  
soft  t i ssue  or  bone.  

Because  of  the  d i ff i cu l ti es  of  an tic i pati ng  and  thermal l y model l i ng  the  many poss ible  
u l trasound  scan  planes  of  the  human  body,  s impl i f ied  models  based  on  average  condi t ions  
are  used.  Three  user-se lectable  thermal  index  categories  correspond ing  to  d i fferen t  
anatom ical  combinati ons  of  soft  t i ssue  and  bone  that  are  encountered  i n  imag ing  appl ications  
are  defi ned  (see  Table  A. 1 ) .  Each  category uses  one  or more  TI-models.  Values  for each  
model  l i sted  i n  Table  A. 1  are  calcu lated  and  the  larger  or  l argest  value  i s  d i splayed .  

A.4. 1 .2  Rationale  for the  location  of  the maximum temperature  increase  

The location  of  the  maximum  temperature  i ncrease  depends  on  the  u l trasound  propagati on  
cond i t i ons  i n  the  human  body.  The  maximum  temperature  i ncrease  i s  assumed  to  be  near the  
surface  i f  the  u l trasound  beam  passes  through  bone  near the  su rface  (TIC) .  For  TIB,  the  
assumption  i s  that  the  maximum  temperature  rise  i s  e i ther below the  surface  at  the  
ti ssue/bone  i n terface,  or  at  the  soft  t i ssue  surface,  thus  the  at-surface  soft  t i ssue  equati on  
(Equati on  A i n  Table  A. 2)  and  the  be low-surface  bone  equation  (Equati on  D  i n  Table  A. 2) )  are  
both  calcu lated  and  the  maximum  d isplayed .  Li kewise,  for  the  homogeneous  soft  t i ssue  
model ,  the  maximum  temperature  ri se  may be  at  the  surface  or below the  su rface,  so  TIS  i s  
the  maximum  value  of  the  resu l ts  of  evaluating  Equations  A and  B  i n  Table  A. 2 .  

A.4. 1 .3  Rationale  for choosing  a  break-point  depth  (zbp)  

Search ing  the  beam  axis  method ical l y up  to  bu t  no  cl oser than  the  break-point  depth ,  zbp,  i s  
imposed  on  the  measurement  of  al l  be low-surface  TI parameters.  

The  i n ten t  of  the  zbp  as  orig inal l y stated  [22]  was  to  prevent  measuremen ts  from  being  made 
i n  the  acoustic  f i e ld  too  close  to  the  transducer.  One  reason  for th is  i s  to  reduce  vio lation  of  
the  assumption  that  acoustic  part icle  ve loci ty and  pressure  are  i n  phase  when  estimati ng  the  
pulse-intensi ty in tegral ,  (pii),  from  the  pulse-pressure-squared  in teg ral ,  (ppsi) .   

NOTE  1   As  d i scussed  i n  sect i on  A. 4. 1 . 6  and  A. 4. 1 . 7,  be low-su rface  thermal  i ndex  val ues  are  bas i cal l y  functi ons  
of  acousti c  outpu t  power ,  and  the  mechanical  i ndex  i s  a  funct i on  of  acoust i c  pressure.  Therefore  the  phase  
between  part i c l e  ve l oci ty  and  acoust i c  pressu re  may not  seem  so  importan t.  However due  to  the  approximati ons  
and  conven ti ons  used  i n  th i s  s tandard ,  the  measurement  of  i n tens i ty,  by way of  the  pu lse-pressure-squared  
i n tegral  i s  requ i red .  

NOTE  2  I n  AIUM  /  NEMA measurement  s tandards  pri or  to  UD-3  ( [22]  and  al l  previous  ed i t i ons  thereof) ,  a  break-
poin t  val ue  of  z_m in  =  m in (X_Dim ,  Y_Dim ) ,  i . e .  the  m in imum  d imension  of  the  act i ve  transm i t  apertu re,  was  used.  
Th i s  val ue  proved  to  be  i ns i de  the  acousti c  f i e l d  c l ose  to  the  t ransducer of  some  transducer/system  combinati ons.  
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A.4. 1 .4  Rationale  for the  bounded-square  output  power and  attenuated  bounded-
square  output  power  

As d iscussed  i n  A. 4. 1 . 2 ,  A. 4.3 . 1  and  A.4. 3. 2,  for  the  soft  t i ssue  case,  the  i n teraction  between  
acoustic  beam  d imensions  and  the  cool i ng  effect  of  perfus ion  determ ines  the  posi t ion  of  
maximum  temperatu re  i ncrease.  A perfus ion  rate  characteri zed  by a perfusion  l eng th  of  1  cm  
i s  assumed.  Th is  trans lates  to  a s i tuation  where,  for  beam  areas  l ess  than  1  cm

2
,  output  

power i s  the  re levant  power parameter,  and  for beam  areas greater than  1  cm
2
,  spatial  

average  acoustic  i n tens i ty m u l t ipl i ed  by 1  cm
2
 i s  the  re levan t  power  parameter.   Th is  l eads  to  

the  concept  of  the  bounded-square output  power,  P1 x1 ,  as  the  power  parameter  "at-
su rface",  and  the  “attenuated  bounded-square output  power,  P1 x1 ,α  (z) ,  as  the  power  
parameter  "be low-su rface".   

I n terpretation  of  [25]  and  the  i n formation  in  [22]  have  l ed  previous l y,  i n  [22] ,  to  us i ng  

P

X
 =

 '
output  power per un i t  scan  l eng th ’  as  the  power parameter of  i n terest  for ‘at-su rface’  

TIS  estimates  for scanning  modes .  I n  Ed i t ion  1  of  th is  standard  
P

X
 was  symbol i zed  as  P1  

and  t i t l ed  the  ‘bounded  ou tpu t  power’ .  Ed i t ion  1  of  th is  standard  a lso  used  an  approximation  
of  the,  presentl y used,  bounded-square  output  power ,  P1 x1 ,  for  the  at-surface  TIS  for  non-
scanning  modes ,  calcu lated  on l y when  the  ou tpu t  beam  area,  Aob ,  i s  <=  1 , 0  cm

2
,  and  an  

approximation  of  attenuated  bounded-square output  power ,  P1 x1 ,α  (z) ,  for  be low-surface  
non-scann ing  modes .   

I n  the  present  2
nd
 ed i t i on  of  the  I EC 62359  standard  the  at-surface  TIS-equati ons  for al l  

modes  (scann ing  and  non-scann ing )  use  P1 x1 .  And  the  at-surface  TIS  i s  calcu lated  for al l  
aperture  s i zes.  Th is  i s  rat ional i zed  as  fo l l ows:  

A)  Clearl y P1 x1  shou ld  be  used  for non-scann ing  modes for the  at-surface  TIS  and  P1 x1 ,α  (z)  
for  the  be low su rface  TIS.  

B)   There  i s  an  expectati on  that  scanned  mode  and  non-scanned  mode  TIS values  shou ld  
converge  smooth l y as  the  number of  scan  l i nes  narrows  to  1  ( from  the  scanned  mode  
case  to  the  non-scanned  mode case) .  Th is  occu rs  when  P1 x1  i s  used  for both  cases.  

C)  A majori ty of  the  70  probes/cases  s imu lated  i n  [25]  had  Y aperture  d imensions  ( ‘ transducer  

wid th ’ )  ≤  1 , 0  cm ,  i n  wh ich  case  
P

X
(  P1 )  and  P1 x1  yi e ld  the  same numerical  magn i tude.   

D)   Many modern  d iagnosti c  u l trasound  scanners  and  probes  are  capable  of  scann ing  i n  

mu l t ip le  scan  planes  (e. g .  3D  / 4D  scann ing ) .  The  previousl y u sed  
P

X
(  P1 )  parameter  

( ‘power per un i t  l eng th  i n  the  scan  d i recti on ’ )  i s  i l l -defi ned  and/or i nadequate  for these  
cases.  

An  approximation  of  the  attenuated  bounded-square ou tput  power i s  used  in  equation  B  i n  
Table  A. 2,  for  the  be low-surface  TIS.  

A.4.1 .5  Rationale  for at  surface TI  i n  non-scanning  mode and  scanning  mode 

Implementati on  of  the  soft  t i ssue thermal  index (TIS)  assumes  a  homogenous  t i ssue-path  
model .  One  bas ic  equati on  covers  al l  cases  for the  at-surface  case,  scanning  modes (such  
as  colour-f l ow mapping  and  B-mode)  and  non-scanning  modes  (such  as  Doppler and  M-
mode) .   

I n terpretation  of  [ 25]  and  the  i n formation  in  A. 4. 3  have  l ed  previous l y to  us i ng     

P

X
 =

 '
output  power per un i t  scan  l eng th ’  as  the  power parameter of  i n terest  for ‘ at-su rface’  

TIS  est imates  for scanning  modes .  I n  Ed i t ion  1  of  th is  standard  
P

X
 was  symbol i zed  as  P1  

and  t i t l ed  the  ‘bounded  ou tpu t  power’ .  Ed i t ion  1  of  th is  standard  also  used  an  approximation  
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of  the,  presentl y used,  bounded-square  output  power ,  P1 x1 ,  for  the  at-surface  TIS  for  non-

scanning  modes ,  calcu lated  on l y when  the  ou tpu t  beam  area,  Aob ,  i s  ≤  1 , 0  cm
2
,  and  an  

approximation  of  attenuated  bounded-square output  power ,  P1 x1 ,α  (z) ,  for  below-surface  
non-scann ing  modes .   

I n  the  presen t  second  ed i t i on  of  the  I EC  62359  standard  the  at-surface TIS-equati ons  for  al l  
modes  (scann ing  and  non-scann ing )  use  P1 x1 .  And  the  at-surface  TIS  i s  calcu lated  for al l  
aperture  s i zes.  Th is  i s  rat i onal i zed  as  fo l l ows:  

a)  There is an  expectation  that scanning  mode  and  non-scanning  mode  TIS values should  
converge smoothly as the number of scan l ines narrows to 1  (non-scanned),  and as the depth  of 
interest moves from  ‘below the surface’  (z > 0)  to the surface (z = 0) .  

b)  A majority of the 70 probes/cases simulated in  [25]  and  mentioned in  A.4.3 had Y aperture 

dimensions (‘transducer width’)  less than  or equal  to 1 ,0 cm,  in  which  case 
P

X
and P1 x1  yield  the 

same numerical  magnitude.  

c)  The derivation  note presented  in  A.4.3.2,  and in  previous editions of this standard,  for non-
scanning  modes  states that,  for both  the below-surface and the at-surface case,  when beam 
areas are < 1 cm

2
 the power controls the heating  of tissue and for beam  areas > 1 cm

2
,
 
the spatial-

average intensity controls  the heating  of tissue.  This rationale is  extended here to  apply to  
scanning  as well  as non-scanning  modes.   

d)  Many modern  diagnostic u l trasound scanners and probes are capable of scanning  in  multiple scan 

planes (e.g.  3D / 4D scanning) .  The previously used 
P

X
 parameter (‘power per unit length  in  the 

scan direction’)  is  i l l -defined and/or inadequate for these cases.   

I n  th is  document,  the  at-surface  TIS-equati ons  for al l  modes  (scanning  and  non-scanning )  

use  P1 x1  and  the  at-su rface  TIS i s  calcu lated  for  al l  aperture  s i zes.  See  A.4. 1 . 4  for the  
rat i onale  for us i ng  the  attenuated  bounded-square output  power  i n  the  numerator of  the  
thermal  i ndex equati ons.  

There  i s  an  expectati on  that  scann ing  mode  and  non-scann ing  mode  TI values  shou ld  
converge smooth l y as  the  number of  scan  l i nes  narrows  to  1  (non-scanned) ,  and  as  the  depth  
of  i n terest  moves  from  be low the  surface  (z > 0)  to  the  surface  (z  =  0) .  

For the  at-su rface  TIS  equati on ,  ( )zP a,1 x1
 i s  the  bounded-square ou tput  power  

1 x1P  and  

equation  A resu l ts  (see  Table  A.2) .  

The  TIB  (bone  below-su rface)  and  TIC  (bone  at  surface)  equati ons  are  fundamental l y the  
same.  For TIC,  the  non-attenuated  power i s  used,  s ince  i t  i s  an  at-surface  estimate.  These  
approximations  are  d iscussed  i n  A. 4. 3  (see  Table  A. 2) .  

I f  the  d imensions  of  the  acti ve  apertu re  are  l arger than  1  cm  ×  1  cm ,  then  the  thermal  
perfusion  l eng th  of  one  centimetre  (1  cm )  i s  assumed  to  be  exceeded .  I n  th is  case the  
bounded-square outpu t  power  i s  measured  by a rad iat ion  force  balance  us i ng  an  

i n termed iate  absorbing  mask wi th  a one-square  cen timetre  window ( the  mask i s  1  cm  ×  1 cm  
square) ,  or  by other masking  means  (e. g . ,  e l ectron ic) ,  or  the  bounded-square output  power  
may be  measured  via  h ydrophone  p lanar  scann ing .    

For  the  at-surface  TIS  equati on ,  ( )zP a,1 x1 i s  the  bounded-square  output  power ,  1 x1P ,  and  

equati on  A resu l ts .  (See  Table  A. 2)  
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The  TIB  (bone  below-su rface)  and  TIC  (bone  at  surface)  equati ons  are  fundamental l y the  
same.  For TIC the  non-attenuated  power  i s  used,  s i nce  i t  i s  an  at-surface  est imate.  These  
approximations  are  d iscussed  in  A. 4. 1 . 4.  (See  Table  A. 2)  

NOTE  Temperature  ri se  i n  t i ssue  due  to  transducer su rface  sel f-heati ng  has  not  been  taken  i n to  account  i n  the  
determ inati on  of  the  thermal  i ndex [1 0 ] .  (See  Annex C. )   

A.4.1 .6  Rationale  for below surface TI i n  non-scanning  mode 

I n  appl yi ng  the  bas ic  TIS  equation  to  the  be low-surface  case,  the  parameter ( )zP a,1 x1  i s  

approximated  by us i ng  ( ) ( )( )zPzI
αα

,cm1xmin 2

,spta
 as  described  i n  A. 4. 3. 2,  lead ing  to  equati on  

B. 1  i n  Table  A.2 .  

For the  bone-at- focus  model ,  a  d i fferent  formu lation  i s  requ i red  for the  power (Pdeg )  
necessary to  raise  the  bone  temperature  1 °C  at  an  axial  d istance  of  zb, ns .  Th is  d i fferen t  
formu lation  i s  due  to  the  observati on  that  bone  absorbs  and  d iss ipates  acoustic  power 
d i fferentl y than  soft  t i ssue.  The  theory of  th i s  Pdeg - formu lation  has  been  extensivel y 
developed  i n  numerous  publ ished  documents  [1 , 1 2, 1 4,  23] .  The  d iscuss ion  i n  A. 4.3 . 4  refers  to  
key conclus ions  from  these  reports.  

A.4. 1 .7  Rationale  for below surface  TI i n  scanning  mode  

Edi t ion  1  of  th is  standard ,  and  [22] ,  d i d  not  speci fy equations  for be low-  su rface  TIS  or  TIB  for 
scanning  modes .  Th is  om ission  was  i n ten tional .   

I n  I EC  62359  Ed i t ion  1 ,  and  i n  [22] ,  the  c laim  i s  made  that for most  scanning  mode  cases  the  
below su rface  temperatu re  i n  soft  t i ssue  and  i n  bone  i s  l ess  than  the  at-surface  temperature  
i n  soft  t i ssue.  Speci f ical l y ( from  [22]  ) :  ‘the (at-surface,  scann ing )  soft tissue model is used 
because the temperature increase at the surface is usually greater than or about the same as 
with the bone at the focus.  

Th is  assumption  may be  true  i n  most  cases .   

•  The  paper [25]  i s  referenced  as  proof  for  the  soft  t i ssue  below-surface  case.  

•  Noth i ng  i s  offered  as  proof  for the  bone  below-surface case.   

However,  i f  there  are  non-scanning  mode  cases  where  the  below-surface  heati ng  i s  g reater 
than  at-surface  soft  t i ssue  heati ng ,  then  i t  seems reasonable  that  there  are  a s i gn i f i can t  
number of  scanning  mode  operati ng  cond i t i ons  where  the  below-surface  heating  i s  l arger 
than  at-surface  soft  t i ssue  heating .  

•  Th is  seems part icu larl y reasonable  for  the  bone  be low-surface  case.   

•  An  u l trasound  system  operating  cond i t i on  wi th  a  narrow scan  wid th  shou ld  have  heating  
characteris tics  approach ing  the  non-scanned  case.  See  [ 26] .    

Note  that  whether  or  not  for  scann ing  modes  the  at-surface  soft  t i ssue  temperature  ri se  
exceeds  the  temperature  r ise  i n  soft  t i ssue  or bone  below-surface;  i n  calcu lati ng  the  TI for  
combined  modes ,  the  be low-surface  con tribu tion  from  scanning  modes shou ld  not  be  
neg lected ,  and  the  be low-surface  sum  (see  Table  1 )  may be  h igher than  the  at-surface  sum .  
So  i n  Ed i t i on  2  equati ons  for  below-su rface  TIB  and  TIS  for scann ing  modes  are  provided  
and  are  to  be  i ncluded  i n  the  be low-surface  sums.  

An  equati on  for the  be low su rface  TIS  for  scanning  modes  cou ld  be  arri ved  at  us i ng  the  
same pri nciples  appl ied  i n  Ed i t ion  1  and  [22]  for  deri ving  the  below-surface  TIS  for  non-
scanning  modes  and  the  at-surface  TIS  for scanning  modes .  However,  th is  Ed i t i on  (Ed .  2)  
of  the  standard  i s  not  fo l l owing  that  approach .  S im i larl y,  an  equation  for the  below surface  TIB  

for scanning  modes  cou ld  be  arri ved  at  us i ng  the  same pri ncipals  appl i ed  i n  Ed i t ion  1  and  
[22]  for  derivi ng  the  below-surface  TIB  for  non-scanning  modes  and  the  at-surface  TIB .  
However,  again ,  Ed i ti on  2  i s  not  fo l lowing  that  approach .  
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There  i s  considerabl y i ncreased  complexi ty and  time  associated  wi th  the  measurement  and  

est imation  of  ( )zP a,1 x1  and  deq(z)  i n  scanning  modes ,  and  th is  i s  even  more  d i ff i cu l t  i n  3D  

and  4D  scann ing  modes .  I t  i s  preferable  to  choose  formu las  wh ich  g i ve  both  reasonable  
resu l ts  and  wh ich  can  be  reasonabl y implemented  i n  i ndustrial  measurement  l abs,  where  the  
constrain ts  on  measurement t ime  and  complexi ty must  be  cons idered.  For the  below-surface  

non-scann ing  mode  case,  su i table  approximations  for  ( )zP a,1 x1  and  deq(z)  were  made i n  

Ed i t ion  1  and  [22].  Bu t  for  scann ing  modes  the  complexi ty of  approximations  for  ( )zP a,1 x1  and  

deq(z)  i s  s i gn i f ican tl y i ncreased  or thei r  su i tabi l i ty are  not  wel l  u nderstood .   

Therefore,  use  i s  made  i n  Ed i ti on  2  of  the  c laim  in  62359  Ed i t ion  1  and  i n  [22]  that  for most  
scanning  mode  cases  the  below surface  temperatu re  i n  soft  t i ssue  and  i n  bone  i s  l ess  than  
the  at-surface  temperatu re  i n  soft  t i ssue.  Though  l im i ted  support  for  the  claim  i s  g i ven  i n  
Ed i t ion  1  and  i n [22]  particu larl y for the  bone  below-surface  case,  and  though  i t  seems 
reasonable  that  the  c laim  i s  not  true  for  some number of  scann ing  mode  operating  

cond i t i ons,  th is  c laim  remains  i n  Ed i t i on  2  and  i s  made  use  of  by sett i ng  the  bs,scTIS and  

the bs,scTIB  equal  to  the  as,scTIS .  

Th is  comprom ise  so lu ti on  general l y meets  the  requ i rement of  sat isfying  the  boundary 
cond i t i ons:   

a)   smooth  convergence  to  the  value  of  the  TIB  (or  TIS)  for  non-scanning  modes as  the 
number of  u l trason ic  scan  l i nes goes  to  one,  

b)   convergence  to  the  at-surface  TIB  (or  TIS)  value  as  the  reg ion  of  i n terest  moves  from  
below-surface  to  the  su rface  (z =  0) .  

NOTE  Convergence  does  not  happen ,  s tri ct l y  speaking ,  when  d i fferent  approximati ons  are  used  below-su rface  
and  at-su rface.  For i nstance,  for  non -scann ing  mode  TIB,  TIBns ,  Deq  (at-su rface)  and  deq  (be low-su rface)  are  
approximated  us i ng  d i fferent  formu las.  For non -scann ing  mode  TIS,  TISns ,   P1 x1  i s  est imated  d i fferen tl y  at -surface  
and  bel ow-surface.  I n  the  case  of  scann i ng  modes,  the  bel ow-su rface  TIB  won ’ t  converge  wi th  the  at-su rface  TIB  
(TIC) ,  due  to  sett i n g  TIBbs , sc  equal  to  TISas, sc  

Table  A. 1  – Thermal  index categories  and  models  

Thermal  I ndex category Thermal  I ndex model s  

 Non-scanning  mode  Scanning  mode  

TIS  (soft  t i ssue)  A)  Soft  t i ssue  at-su rface:   
non -scann i ng  and  scann ing .  

B . 1 )  Soft  t i ssue  below-su rface:  non -
scann ing   

A)   Soft  t i ssue  at-su rface:   
non -scann i ng  and  scann ing .  

B . 2)  Soft  t i ssue  below-su rface:   
scann ing .  (=  Equati on  A)  

TIC=TIBas  (bone  at-su rface)  C)  Bone  at-surface:  non -scann ing  
and  scann ing  

C)  Bone  at-surface:  non-scann ing  
and  scann ing  

TIBbs  (bone  below-surface)  A)  Soft  t i ssue  at-su rface:   
non -scann i ng  and  scann ing .  

D. 1 )  Bone  below-su rface:   non -
scann ing   

A)   Soft  t i ssue  at-surface:   
non -scann i ng  and  scann ing .  

D . 2)  Bone  below-su rface:   
 scann ing .  (=Equati on  A)  

 

A.4.2  Derivation  notes  -  General  

A.4.2. 1  Derivation  of  break-point  depth   

The  express ion  for  break-point  depth  i n  th is  ed i t i on  i s  

 eqbp 5,1 Dz ×=  (A.2)  

Deq  i s  defi ned  as  the  ‘c i rcu lar-equ ivalen t’  geometric  mean  d iameter ( the  equivalent  aperture  
d iameter)  of  the  transm i t  aperture  for  a  s ing le  pu l se  of  the  transmit  pattern  be i ng  measured .  
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 obobeq
π

4
A AD 1 ,1 3==  (A.3)  

where  Aob  i s  the  output  beam  area .  

NOTE  1  Equati on  (A. 3 )  i s  a  re-statement  of  Equati on  (8)  ( from  3. 28) ,  wi th  a  s i ng le  pu l se  correspond i ng  to  a  
non-scanning  mode .  

Thus,  for  scann ing  modes  or  non-scanning  modes ,  the  same value  of  zbp  wi l l  be  obtained  i f  
the  u l trasonic scan  l ines (or at  l east  the  ‘cen tral  scan  l i ne ’  of  the  l i nes  making  up  the  scan)  
use  the  same aperture  and  nom inal  focal  po in t.  

Fi gu re  A. 1  shows  a typical  case.  Here  the  focal  po in t  of  the  transducer and  the  pos i t i on  of  
maximum  attenuated  spatial -peak temporal -average in tensi ty  are  shown  to  occur deeper than  

1 , 5  ×  Deq .  

 
 

 

zbp  zs,ns  
z   (mm)  

P
a
 o
r 
I s
p
ta
,a
 ×
 1
 c
m

2
  
 (
m
W
) 

IEC   2144/10 

 

Key 

1 :  g raph  of  Ispta ,α  ×  1  cm
2
,   

2 :  g raph  of  Pα ,   

3 :  po i n t  where  Pp=  Pα(zs , ns )=Ispta ,α  ×  1  cm
2
 

Figure A. 1  – Focusing  transducer wi th  a  f-number of  about  7   

For l ow f-number  transm i t  cond i t ions  the  ‘ l eg i timate’  depth  of  maximum  pii  ( i nclud ing  the  

focal  po in t)  m igh t  val i d l y be  shal lower than  1 , 5  ×  Deq .  As  pressure  levels  may be  h i gh  i n  th is  
reg ion  the  defi n i t i on  of  zbp  i n  th is  s tandard  i s  on l y used  for the  determ inati on  of  TI.  F i gure  A. 2  
g i ves  an  example  of  such  a  s i tuation .  

NOTE  The f-number  d enotes  the  rat i o  of  the  geometric  focal  l eng th  to  the  transducer  aperture width  i n  a  
speci f i ed  l ong i tud i nal  plane  as  defi ned  i n  I EC 61 828.  
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IEC   2145/10  

Key 

1 :  graph of Ispta ,α  ×  1  cm
2
,   

2:  graph of Pα,   

3:  point where Pp=  Pα(zs , ns)  

zMI   is  closer to the transducer surface than 1 ,5 ×  Deq  

Figure A.2  – Strong ly focusing  transducer wi th  a  low f-number of  about  1   

Close  to  the  transducer acoustic  f i e l d  undu lati ons  and  s i de  lobe  l evels  can  vary from  
transducer to  transducer of  the  same model  type  as  sensi t i ve  functi ons  of  producti on  
to lerances.  I n  most  cases,  adherence  to  the  zbp  def in i t ion  shou ld  serve  to  keep h ydrophones  
not  too  c l ose  to  the  transducer,  he lping  to  obtain  cons is ten t  i n tra-model  measurement resu l ts  
and  ‘ t i gh ter’  s tati s t ics.  However,  as  shown  i n  Fi gure  A. 3 ,  i f  the  undu lati ons  are  extens ive  the  
determ ined  value  of  zbp  may be  c lose  to  the  transducer.  

 

zs =  zbp  =  zs,ns  
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IEC   2146/10 

 

Key 

1 :  g raph  of  Ispta ,α  ×  1  cm
2
,   

2 :  g raph  of  Pα ,   

3 :  po i n t  where  Pp=  Ispta ,α  ×  1  cm
2
 

Figure A.3  – Focusing  transducer (f-number ≈ 1 0)  wi th  severe  
undu lations close to  the transducer  

Another effect  of  employing  the  break-point-depth  i s  that  some separation  between  the  at-
surface  and  below-surface  thermal  i nd ices  pos i ti ons  i s  created .  Thus,  i nstead  of  f i nd i ng  the  TI 
as  the  maximum  value  over al l  z  values,  i ncl ud ing  z  =  0 ,  (as  d iscussed  i n  A. 4) ,  we  have  two  

reg ions,  z  =  0  and  z ≥  zbp ,  for  TI.  

Of  cou rse,  one  of  the  negative  consequences  of  employing  the  break-point-depth ,  i s  the  
creation  of  a  non- in terrogated  reg ion  wh ich  may con tain  the  location  of  maximum  TI.  
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To  prevent  co l l i s i ons  of  expensive  hydrophones  i n to  transducers  be ing  tested,  care  must  be  
exercised  when  perform ing  scans  cl oser to  the  transducer than  the  break-point  depth  as  
requ i red ,  i f  necessary,  to  f ind  the  depth  for mechanical  index (zMI) .  Th is  wou ld  happen  wi th  
g reater  frequency i f  search ing  the  beam  axis  al l  the  way to  the  transducer  surface  were  
requ i red .  Th is  cou ld  happen  for probes  wi th  shal low focus ing  and/or h i gh  ampl i tude  
undu lat ions  c l ose  to  the  transducer.  

Another  effect  of  us i ng  zbp ,  though  not  i ts  i n tended  purpose,  i s  to  obscure  the  fact  that  the  
below-surface  TI values  do  not  converge  conti nuousl y to  the  at-surface  TI values  as  z  
approaches  0 .  Th is  i s  because  d i fferent  approximations  for P1 x1  and  deq  (Deq)  are  used  at-
surface  and  be low-surface.  See  A. 4. 1  and  A. 4. 1 . 5  Note  a.  

A.4.2.2  Thermal  index 

I n  th is  annex the  thermal  index,  TI,  i s  defi ned  by the  relationsh ip  

 

degP

P
TI

p=  (A.4)   

where  

Pp  i s  the  power parameter  as  defi ned  i n  th is  annex,  and  

Pdeg  i s  the  estimated  power necessary to  raise  the  target  t i ssue  1  °C,  based  on  the  thermal  
models  d iscussed  i n  th is  annex.  

The  deri vati on  of  the  temperatu re  r ise  est imation  models  requ i res  the  understanding  of  fou r 
key concepts/parameters .  

A.4.2.3  Attenuated  output  power and  attenuated  in tensi ty  

The  attenuated  ou tput  power and  attenuated  in tensi ty  are  functi ons  of  the  non-attenuated  
values,  depth  and  the  acoustic  attenuation  coefficient .  Attenuated  output  power  and  

attenuated  in tensi ty  are  denoted  by the  subscript  a.  Parameters  wi thout  the  subscript  refer  

to  non-attenuated  values  measured  in  water.  Thus  the  attenuated  output  power  Pa  at  a  
d istance  z  i s  defi ned  as  

 
dB)/10(-

α
awf01
fz 

PzP
a=)(   (A.5)  

where  

P  i s  the  output  power ,  

a  i s  the  acoustic  attenuation  coeffi cient ,  
fawf  i s  the  acoustic  working  frequency,  and  
z  i s  the  d is tance  from  the  external  transducer aperture  to  the  poin t  of  i n terest  

The attenuated  spatial -peak temporal -average in tensi ty i s  denoted :  

 ( ) dB)/10(-

spta,tasp
awf10 
fz 

α
zIzI

a=)(                          (A.6)  

where  

Ispta(z)   i s  the  spatial -peak temporal -average in tensi ty  at  d istance  z,  

α  i s  the  acoustic  attenuation  coefficient ,  

fawf  i s  the  acoustic-working  frequency,  and  

z  i s  the  d is tance  from  the  external  transducer aperture  to  the  poin t  of  i n terest.  

A.4.2.4  Derivation  of  the  equ ivalent  beam  area  

The equ ivalent  beam  area ,  Aeq ,  i s  defi ned  as  
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 ( ) ( )
( ) ( )zI

P

zI

zP
zA

sptaα,spta

α

eq ==       (A.7)  

where  

Pα(z)    i s  the  attenuated  output  power  at  d i s tance  z,  

Ispta ,α(z)  i s  the  attenuated  spatial -peak temporal -average in tensi ty  at  d istance  z,  

P     i s  the  output  power,  

Ispta(z)   i s  the  spatial -peak temporal -average in tensi ty  at  d istance  z,  and  

z        i s  the  d istance  from  the  external  transducer aperture  to  the  speci f ied  po in t.  

A.4.2.5  Derivation  of  the  equ ivalent  beam  d iameter  

The  equ ivalent  beam  d iameter ,  deq ,  i s  defi ned  as  

 ( ) ( ) ( )
( )zI

zP
 zAzd

α

α

,spta

eqeq
π

2
π

4
==  (A.8)  

where  

Aeq(z)  i s  the  equivalent  beam  area at  d is tance  z,  

Pα(z)    i s  the  attenuated  output  power  at  d i s tance  z,  and  

Ispta ,α(z)  i s  the  attenuated  spatial -peak temporal -average in tensi ty  at  d istance  z.  

A m in imum  beamwidth  o f  one  m i l l imetre  (0 , 1  cm )  i s  assumed  because  of  the  practical  
d i ff i cu l ty of  ho ld i ng  a  smal l  beam  steady on  one  target  locati on .  Therefore,  for  these  
deri vati ons  

 ( ) ( ) ( )
( )

 
zI

zP
zAzd

α

α














=










= cm1,0,

π
2maxcm1,0,

π

4
max

,spta

eqeq                  (A.9)  

Th is  m in imum  beamwidth  assumption  i s  referred  to  i n  con text  i n  l ater secti ons  of  th is  annex.  

A.4.3  Derivation  notes  for the  thermal  models  used  

As d iscussed  i n  A. 4. 1  and  i n  Table  A. 1 ,  th ree  thermal  ind ices  are  defi ned ,  the  TIS,  the  TIB  
and  the  TIC.  Four temperature-rise  estimati on  equations  are  used  i n  calcu lating  the  TI’s ,  as  
def ined  i n  C lause  5  of  th i s  standard .  For the  purposes  of  d i scussion  and  derivati on ,  these  four 
models  are  i denti f ied  i n  Table  A. 2.  

The  soft  t i ssue  equati ons  (A and  B  of  Table  A.2)  are  based  on  one  model ,  deri ved  primari l y 
from  a theoretical  and  experimental  anal ys is  [25, 27] .  Accord ing  to  [25] ,  the  mediat i ng  factor  
for temperature  ri se  at  the  surface  i s  the  absorbed  power per un i t  scan  l eng th ,  µ o  f [P/X] ,   that  
normal i zes  the  effect  o f  frequency on  the  temperature  r ise  (where  µ0  i s  the  acoustic  
absorption  coefficient  i n  Np cm

- 1
 MHz

- 1
) .  A seri es  of  calcu lat i ons  on  70  transducers  of  the  

absorbed  power per u n i t  scan  l eng th  that  caused  a 1  °C  r ise  at  the  ski n  surface  produced  
resu l ts  centred  about:  

 
2

degawf0 cm/mW Np21]/[ =XPfm  (A.1 0)  

Th is  i s  a  key concept  i n  the  development of  the  TIS  models.  A carefu l  s tudy of  [25]  i s  s trong l y 
recommended  to  ensu re  a thorough  understanding  of  th is  importan t  concept.  
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NOTE  I n  [25]  a  s tudy of  typi cal  l i near array transducers  avai l abl e  i n  1 991  i s  presen ted .  Val i dat i on  of  the  concept  
for more  soph i st i cated  modern  transducers  (e. g .  1 , 5  and  2D  arrays )  and  3D  scann ing  formats  has  not  yet  been  
publ i shed .  

For this study,  the acoustic absorption coefficient  intensi ty was selected as µo  =  0,1  Np cm -1  MHz-1 ,  
a value  typical  of  soft  t i ssue.  The  average  perfus ion  rate  for soft  t i ssue  has  been  estimated  as  
the  card iac  ou tpu t  d i vided  by the  body mass,  resu l t i ng  i n  a  correspond ing  typical  perfusion  
l eng th  of  1 , 0  cm .  Selecti ng  the  un i t  scan  l eng th ,  X,  as  the  perfus ion  l eng th  and  combin i ng  
these  experimental  approximations  wi th  equation  A. 1 0  resu l ts  i n  the  power requ i red  to  cause 
a  1  °C  temperature  rise  at  the  surface  as  

 
)()MHzcm Np  (0,1

cm) (1 ,0)cm  mW  Np  (21

awf
1-1-

-2

deg
f

P
⋅⋅

⋅⋅
=

 

=̂
awf

MHz mW21 0

f
 (A.1 1 )  

Th is  Pdeg  formu la i s  shared  by both  the  at-surface  soft  t i ssue  equation  (Equation  A of  Table  
A. 2)  and  the  below-surface  soft  t i ssue  equati on  (eq .  B. 2  of  Table  A.2) .  I n  th is  standard ,  the  
value  of  21 0  mW MHz i s  i ncorporated  in  constants  CTIS, 1  and  CTIS, 2 .  
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Table  A.2  – Consol idated  thermal  index formu lae  

Name Formula  

A Soft tissue at-surface  
non-scanning  and scanning  

 

(see 5.4. 1 .1  and 5.5.1 .1 )  

 

 

,1

awf

as

 

TISC

fP
TIS 1 x1=  

B.1  Soft tissue below-surface 
non-scanning   

 

(see 5.4. 1 .2)  

 

 

( ) ( )











=

,2

awfnss,spta,

,1

awfnss,

nsbs, ,min
TISTIS C

fzI

C

fzP
TIS

aa
 

NOTE  1  zs ,ns  ≥ zbp  

NOTE  2  Where  
α spta,α

min ( ), ( )P z I z   i s  an  approximati on  of  

,α1 1
( )

x
P z  

NOTE  3  Ispta ,  α(z)  may be  approximated  by taki ng  the  Ita ,  α  (z)  
val ue  on  the  beam  axi s .  

 

B.2 Soft tissue below-surface 
scanning   

 

(see 5.4. 1 .2 and 5.5.1 .2)  

 

,1

awf

scas,scbs,

 

TISC

fP
TISTIS 1 x1==  

C  Bone at surface 

 non-scanning  and scanning  

 

(see 5.4.2.1  and 5.5.2.1 )  

TICC

DP
TIBTIC

eq

as

/
==  

   

TICC

DP
TIC

eq/
=  

 

D.1  Bone below-surface 

 non-scanning   

 

(see 5.4.2.2)  

 

( ) ( ) ( )











=

,2

nsb,

,1

nsb,spta,nsb,

nsbs, ,min
TIBTIB C

zP

C

zIzP
TIB

aaa
 

NOTE  1  zb ,ns  ≥ zbp  

NOTE  2  Ispta ,α(z)  may be  approximated  by taki ng  the  Ita ,  α  (z)  
val ue  on  the  beam  axi s .  

D.2 Bone below-surface 

 scanning  

 

(see 5.5.2.2)  
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fP
TISTIB 1 x1==  
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A.4.3. 1  Derivation  notes  for soft  t i ssue  thermal  i ndex at-surface for non-scann ing  
and  scann ing  modes (TISas ,ns  ,  TISas,sc)  

As noted  i n  A. 4. 1 . 4,  temperature  i ncrease  i n  soft  t i ssue  i s  determ ined  by the  bounded-
square  output  power .  

Power from  the  one  square-cen timetre  of  the  rad iating -  or  acti ve-aperture  em i tt i ng  the  
maximum  value  of  the  t ime  average  acoustic  ou tpu t  power i s  measu red  (see  Fi gure  B. 3) .  For 
acti ve  apertures  having  a scan  d imens ion  l ess  than  one  centimetre  i n  each  d imens ion ,  no  
mask i s  necessary.  The  resu l t  of  these  power measurements ,  the  bounded-square output  
power ,  P1 x1 ,  i s  the  power parameter  u sed  i n  the  TI- formu la for soft  t i ssue  at-surface.   

Combining  the bounded-square output power  with  the power required to  cause a 1  °C temperature 
rise,  Pdeg ,  (equation  A.1 1 )  into the general  TI-formula (equation  A.4)  yields the soft tissue at-surface 
model  for  scanning  modes and non-scanning  modes.  

 
,1

awf
as

 

TISC

fP
TIS 1 x1=  (A.1 2)  

where  

CTIS, 1   =  21 0  mW MHz  

A.4.3.2  Derivation  notes  for soft  t i ssue thermal  i ndex below-surface for  non-
scanning  mode (TISbs ,ns)  

As d iscussed  in  A. 4. 2  and  A. 4. 3  the  perfus ion  assumption  (1  cm  thermal  perfusion  l eng th )  i s  
cri t ical  to  determ in ing  the  l ocation  of  the  maximum  temperature  i ncrease.  Theory deri ved  for a  
heated  cyl i nder suggests  that  i f  the  beam  area i s  l ess  than  1  cm

2
,  the  power i n  the  beam  

con trols  the  temperatu re  ri se  [1 4] .  I f  the  beam  area  i s  g reater  than  1  cm
2
,  i n tens i ty contro ls  

the  temperature  ri se.  Therefore,  the  power parameter Pp  used  i n  the  numerator of  the  

general  formu la (equati on  A. 4)  for  narrow beams [beam  area  ≤  1  cm 2
]  i s  the  attenuated  

output  power,  Pα(z)  and  for broad  beams  [beam  area  >  1  cm
2
]  the  power parameter i s  the  

attenuated  spatial -average temporal -average in tensi ty,  Isata ,α  (z) ,  mul t ip l i ed  by an  area of  

1  cm
2
 (Isata ,α  ×  1  cm

2
) ,  where  the  spatial  averag ing  i s  carri ed  ou t  over a  1  cm

2
 area.   

Attenuated  bounded-square output  power’ ,  P1 x1 ,α  (z)  i s  defi ned  as  Pα, (z)  when  the  beam  

area  i s  <  1  cm
2
 and  Isata ,α  ×  1  cm

2  
when  the  beam  area  i s  >  1  cm

2
,  where  Isata ,α  i s  the  spatial  

average  over  the  1  cm  x  1  cm  area yi e l d i ng  the  h i ghest  value.  

Thus,  for  any l ocati on  z  on  the  beam  axis ,  the  local  power parameter i s  P1 x1 ,α  (z)  and  the  
power parameter Pp used  i n  the  numerator  of  the  general  formu la (equation  A. 4)  i s  then :  

 

 bp

p 1 1,max ( )x
z z

P P za
>

 =  
 (A.1 3)  

 
Approximation  Used:  

Consideri ng  the  measurement  complexi ty and  t ime  associated  wi th  precise  measurement of  
P1 x1 ,α  (z) ,  Ed i t i on  2  of  the  standard  chooses  an  approximation  of  the  l ocal  power parameter,  
us ing  the  equ ivalent  beam  area  and  us ing  the  attenuated  spatial -peak temporal -average 
in tensi ty ,  assumed  to  occur on  the  beam  axis ,  rather  than  the  spatial -average  i n tens i ty.   
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Thus  when  the  equivalent  beam  area ,  ( ( ) ( )
( )zI

P
zA

a

a

,spta

eq

z 
= )   i s   ≤  1  cm

2
 the  attenuated  ou tpu t  

power,  Pα(z) ,  i s  the  l ocal  power parameter and  when  Aeq (z)  i s  >  1  cm
2
,  Ispta ,α(z)  ×  1  cm

2  
i s  the  

l ocal  power parameter.   

That  i s ,  the  local  power parameter at a  particu lar  depth  z   i s  m in(Pα(z) ,  Ispta,α(z)  ×  1  cm
2
)  and :   

 ( )[ ]2

spta,p cm1x)(,)(minmax zIzPP
bpzz

aa
>

=  (A.1 4)  

Th is  i s  a  conservati ve  approximation .  The  conservati ve  nature  of  the  approximation  i s  fu rther 
described  in  the  fo l l owing  th ree  notes:  

NOTE  1  Equati ons  such  as  A. 1 7,  A. 1 8  and  A. 1 9  i nd i cate  that  i t  i s  the  -6  dB  area  wh ich  shou ld  be  compared  
agai nst  the  1  cm

2
 th reshold ,  and  equati on  A. 29  shows  that  the  -6  dB  area i s  l arger than  Aeq .  

NOTE  2  Because  Ispta ,α(z)  i s  >  Isata ,α(z)  (averaged  over 1 × 1  cm
2
 and  mu l t i pl i ed  by 1  cm

2
,  =  P1 x1 ,α(z) ) ,  th en  when   

( ) ( )
( )zI

P
zA

a

a

,spta

eq

z 
= =  1  cm

2
 the  actual  -6dB  beam  area,  per equati on  A. 29,   i s  l arger than  1  cm

2
,  and  therefore  the  

power i n  the  n umerator can  be  l arger than  the  power i n  a  1  cm
2  
beam  area ( l arger than  P1 x1 ,α(z) ) .  So  for  Aeq (z)  ≤  

1  cm
2,
,  P1 x1 ,α(z)  ≤  Pα(z)  <  Ispta ,α(z) ,  and  for  Aeq (z)  >  1  cm

2  
,  P1 x1 ,α(z)<  Ispta ,α(z)  <  Pα(z) .  

NOTE  3  Because  Aeq  i s  smal l er  than  the  -6  dB  area (A6 ) ,  then  i t  i s  obvious ly  <  1  cm
2  
when  A6  i s  <  1  cm

2
,  and  

acoust i c  power i s  the  ‘ power parameter’  (con tro l s  heati ng ) ,  i n  th i s  case.   

For the  reg i on  1 , 0  cm
2
 <  A6  <  1 , 28  cm

2
,  Aeq  remains  ≤  1 , 0 ,  and  the  attenuated  ou tpu t  power ,  Pα ,  i s  used  i nstead  

of  Ispta ,α  ×  1  cm
2
 as  the  ‘ power parameter’ .  Th i s  i s  conservati ve  (an  over-estimate)  for  th i s  reg ion ,  because  

obvious l y  the  power passi ng  th rough  a  1 , 28  cm
2  
area i s  >  than  the  power th rough  a  1  cm

2  
area (P1 x1 ,α) ,  and  both  

are  smal l er  than  Ispta ,α  ×  1  cm
2
.  So  P1 x1  < P  ≤  Ispta ,α  ×  1  cm

2
.  

Last l y,  for  A6  ≥  1 , 28  cm
2
 the  i n tens i ty (×  1  cm 2

)  i s  be i ng  used  as  the  power parameter as  i t  shou ld  be,   Ispta ,α  ×  
1  cm

2
 i s  bei ng  used ,  wh i ch  i s  always  >  Isata ,α  ×  1  cm

2  
(P1 x1 ,α  when  the  spati al  average  i s  over 1  cm

2
) ;  so  th i s  i s  

conservati ve  (Ispta ,α  ×  1  cm
2
 >  P1 x1 ,α) .  

Combin ing  the  power parameter expressed  i n  equati on  A. 1 4  wi th  the  power requ i red  to  
cause  a 1  °C  temperatu re  ri se,  Pdeg ,  (Equati on  A. 1 1 )  i n to  the  general  TI-formu la  (equati on  
A. 4)  yie lds  the  soft  t i ssue  thermal  i ndex  below-surface  for  non-scann ing  modes   

 
( ) ( )






















=

> 2

awfnss,spta,

,1

awfnss,

nsbs, ,minmax
bp TIS,TISzz C

fzI

C

fzP
TIS

aa
                (A.1 5)  

where  

CTIS, 1  =  21 0  mW  MHz;  

CTIS,2  =  21 0  mW  cm
–2
 MHz.  

Fi gu res  A.4,  A. 5 ,  A. 6,  and  A. 7  i l l ustrate  examples  of  poss ible  l ocations  and  values  of  the  
power parameter (Equation  A. 1 4) .  These  f i gures  demonstrate  examples  of  poss ible  

re lat ionsh ips  between  the  i n tens i ty (Ispta ,α(z)  ×  1  cm
2
)  and  power (Pα(z) )  cu rves.  Values  wi th in  

the  reg ion  l ess  than  the  break-point  depth  (z <  zbp)  are  not  cons idered.  

I t  i s  he lpfu l  to  consider  what  these  curves  ind icate  abou t  beam  focusing .  Because  the  
equ ivalen t  beam  area ,  Aeq ,  i s  the  rat i o  of  Pα(z)  to  Ispta ,α(z) ,  i n  reg ions  where  the  i n tens i ty 
curve  i s  be low ( l ess  than )  the  power curve,  the  equivalent  beam  area i s  g reater than  1  cm

2
.  

S im i larl y,  where  the  i n tens i ty curve  i s  above  (g reater than)  the  power curve,  the  equivalent  
beam  area  i s  less  than  1  cm

2
.  The  equivalent  beam  area i s  1  cm

2
 where  the  curves  

i n tersect.  

Fi gu re  A. 4  shows  a focused  beam  for  wh ich  the  equ ivalent  beam  area f i rst  decreases  to  
1  cm

2
,  that  i s ,  the  curves  i n tersect  at  a  depth  g reater than  the  break-point  depth .  The  

maximum  value  of  the  l ocal  power parameter i s  found  at  th is  i n tersection ,  and  the  location  i s  
denoted  zs ,ns .  
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Figu re  A. 5  m igh t  represen t  a focused  transducer wi th  somewhat  smal l er  aperture.  At  the  
break-point  depth ,  the  equ ivalen t  beam  area i s  al ready less  than  1  cm

2
.  The  maximum  

value  of  the  l ocal  power parameter,  Pα(z) ,  i s  the  attenuated  output  power at the  break-
point  depth ,  and  zs, ns  i s  at   the  break-point  depth .  

Fi gu re  A. 6  m igh t  represent  a  focusing  transducer  wi th  a re lat i vel y weak focus  j ust  beyond  the  
break-point  depth .  Th is  l ocal  i n tens i ty maximum  may resu l t  from  the  e levation  focus  of  a  
rectangu lar aperture  transducer or,  perhaps,  a  close  to  the  transducer  effect  beyond  the  
break-point  depth .  I n  th is  example,  the  l ocati on ,  zs, ns ,  of  the  l ocal  power parameter 

maximum  i s  at  the  weak focus.  The  value  of  the  power parameter i s  Ispta ,α(z)  ×  1  cm
2
.  

Fi gu re  A. 7  represents  a  weakl y focused  transducer.  The  equivalent  beam  d iameter always  
exceeds  1  cm

2
.  Wh i le  such  an  example  i s  u n l ikely i n  d iagnostic  u l trasound  appl ications ,  the  

example  i s  provided  for the  sake  of  a  complete  understand ing  of  the  model .  The  d istribu ti on  of  
the  l ocal  power parameter wi th  depth  i s  the  i n tens i ty curve.  The  power parameter i s  the  

maximum  value  of  the  Ispta ,α(z)  ×  1  cm
2
.  zs ,ns  i s  at  the  l ocation  on  the  beam  axis  of  th is  

maximum .   
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Key 

1 :  g raph  of  Ispta ,α  ×  1  cm
2
,   

2 :  g raph  of  Pα ,   

3 :  po i n t  where  Pp=Pα(zs , ns )=  Ispta , α  ×  1  cm
2
 

Figure A.4  – Focusing  transducer  
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Key 

1 :  g raph  of  Ispta ,α  ×  1  cm
2
,   

2 :  g raph  of  Pα ,   

3 :  po i n t  where  Pp  =  Pα(zs, n s)  

Figure A.5  – Focusing  transducer wi th  smal ler  aperture  than  that  of  Figure A.4  
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1 :  g raph  of  Ispta ,α  ×  1  cm
2
,   

2 :  g raph  of  Pα ,   

3 :  po i n t  where  Pp  =  Ispta ,α  ×  1  cm
2
 

Figure A.6  – Focusing  transducer wi th  a  weak focus near zbp  
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1 :  g raph  of  Ispta ,α  ×  1  cm
2
,   

2 :  g raph  of  Pα ,   

3 :  po i n t  where  Pp  =  Ispta ,α  ×  1  cm
2
 

Figure A.7  – Weakly focusing  transducer  

A.4.3.3  Derivation  notes  for soft  t i ssue thermal  i ndex below-surface for  scann ing  
modes,  (TISbs,sc  )   

An  equati on  for the  be low su rface  TIS  for  scanning  modes  cou ld  be  arri ved  at  us ing  the  
same pri ncipals  appl ied  i n  Ed i t ion  1  and  [22]  for  deri vi ng  the  below-surface  TIS  for  non-
scanning  modes  and  the  at-surface  TIS  for  scanning  modes .  However,  th is  Ed i t i on  (Ed .  2)  
of  the  standard  i s  not  fo l l owing  that  approach .  

There  i s  considerabl y i ncreased  complexi ty and  t ime  associated  wi th  the  measurement  and  
estimation  of  P1 x1 ,α  (z)  i n  scann ing  modes ,  and  th is  i s  even  more  d i ff i cu l t  i n  3D  and  4D  
scanning  modes .  I t  i s  preferable  to  choose  formu las  wh ich  g i ve  both  reasonable  resu l ts  and  
wh ich  can  be  reasonabl y implemen ted  i n  i ndustrial  measurement  l abs,  where  the  constrain ts  



 – 54  – IEC  62359:201 0+AMD1 :201 7  CSV  

    I EC  201 7  

on  measurement t ime  and  complexi ty must  be  considered .  For the  below-surface  non-
scanning  mode  case,  su i table  approximations  for  P1 x1 ,α  (z)  were  made i n  Ed i t i on  1  and  [22] .  
Bu t  for  scann ing  modes  the  complexi ty of  approximations  for P1 x1 ,α  (z)  i s  s i gn i f ican tl y 
i ncreased  or thei r  su i tabi l i ty are  not  wel l  u nderstood.   

Therefore,  use  i s  made  i n  Ed i t i on  2  of  the  claim  I n  I EC  62359  Ed i t i on  1  and  i n  [22]  that  for  
most  scanning  mode  cases  the  below surface  temperature  i n  soft  t i ssue  i s  l ess  than  the  at-
surface  temperatu re  in  soft  t i ssue.  Though  l im i ted  support  for  the  claim  i s  g i ven  i n  Ed i t i on  1  

and  i n  [22],  th is  c laim  remains  i n  Ed i t ion  2  and  made use  of  by setti ng  the  bs,scTIS  equal  to  the  

as,scTIS .  

So:   

 

,1

awf
scas,scbs,

 

TISC

fP
TISTIS 1 x1==  (A.1 6)  

where 

CTIS, 1   =  21 0 mW MHz  

J ust i f icati on  for th is  s impl i f i cati on  can  be  found  i n  [25]  and  [26]  wh ich  show calcu lati ons  of  at-
surface  soft  t i ssue  temperature  r ise  for scanned  modes  to  be  h i gher than  below-surface  soft  
t i ssue temperatu re  r ise  in  a  large  majori ty of  cases.   

A.4.3.4  Derivation  notes  for bone at-focus  for non-scanning  modes  (TIBbs,ns)   

For the  bone-at- focus  model  for  non-scanning  modes ,  the  l ocation  of  the  maximum  
temperatu re  i ncrease  i s  at  the  proximal  surface  of  the  bone,  l ocated  at  the  depth  for TIB  
where  the  depth  for  TIB  i s  the  depth  at  wh ich  the  TIB-express ion  i s  a  maximum .  The  power 
parameter  for  the  beam  i s  the  attenuated  output  power ,  Pα  at  zb, ns .  

NOTE  The  conservati ve  assumpti on  here  i s  that  the  bone  res i des  at  the  l ocati on  where  the  TIB  expression  i s  a  
maximum .  

The  fo l l owing  derivation  refers  to  key conclus ions  from  the  l i terature  [ 1 , 1 2 , 1 4, 23] .  

To determ ine  the  estimated  power necessary to  raise  bone  1 °C  at  an  axial  d is tance,  zb, ns ,  we  
beg in  wi th  the  po in t-source  so lu t ion  to  the  steady-state  bio-heat  equati on  [1 2 , 1 4] ,  wh ich  g i ves  
the  temperature  rise  on  axis  of  a  total l y absorbing ,  very th in  d i sc  surrounded  by a material  of  
thermal  conducti vi ty,  K,  

 
K

dI
T

α

4

6,sata=∆  (A.1 7)  

where 

Isata   is  spatial-average temporal-average intensity  

Isata,α  is  the attenuated spatial-average temporal-average intensity  

d6   is  the –6 dB beam diameter and  

K  is  the thermal  conductivity of the surrounding  medium 

Since  attenuated  output  power  can  be  approximated  as,  

 
α

I
d

P ,sata

2

6

4

π
a =  (A.1 8)  

temperature  ri se  can  be  expressed  by combin ing  A. 1 7  and  A. 1 8:  
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6dK

P
T

π
a=∆  (A.1 9)  

Using  data adapted  from  [ 28]  and  se lecti ng  water at  37  °C  as  the  surround ing  med ium  g i ves  a  
thermal  conducti vi ty,  K,  o f  6, 3  mW cm

- 1
 °C

- 1
.  Substi tu t ing  th is  value  for K i n to  equation  A. 1 9  

yi e l ds  a  temperature  ri se  of  approximatel y:  

 

6dC

P
T

K

a≈∆  (A.20)  

where  

CK= 20  mW cm
- 1
 °C

- 1
.  

Wh i le  d i ff icu l t ies  are  obvious l y encountered  i n  making  accurate  pred ict ions  of  temperatu re  
rise  that  occur  when  bone  i s  exposed  to  u l trasound  in vivo,  reasonable  est imates  can  be  
made  of  upper l im i ts  to  the  temperature  ri se .  Equation  A. 1 9,  for  a  d i sc- l ike  i n tens i ty 
d istribu tion ,  yie lds  a  s imple  express ion  of temperature  rise,  ∆T,  when  the  beam  d iameter i s  i n  
the  order  of  one-quarter  of  the  perfus ion  leng th ,  a  reasonable  assumption  for th is  model .  
S im i lar deri vations  are  found  for  Gaussian  or  Bessinc  beams  and  rectangu lar beams  (wi th in  
1 0  %  for  Gauss ian  & Bessinc  and  wi th in  30  % for  rectangu lar) .  

Experimental  data [ 29]  suggest  that  a  correction  factor i s  requ i red  to  formu la A. 1 7  (and  resu l ts  
i n  changes  to  formu las  A. 1 9  and  A. 20) .  Th is  correcti on  factor i s  explained  as  being  due,  i n  
part,  to  the  effects  of  perfusion  i n  re lati vel y smal l  vo lumes.  The  data avai lable  i nd icate  that  a  
factor  of  approximatel y 0 , 5  i n  temperature  ri se  i s  needed  to  obtain  correspondence  between  
in vivo  measurements  and  theory.  Appl yi ng  th is  correcti on  factor  yie lds  

 66 2//)5,0( dCPdCPT KK aa ==∆  (A.21 )  

Therefore,  the  power  requ i red  to  cause  a  1  °C  temperature  ri se,  Pdeg ,  becomes:  

 C1x2 o

6deg dCP K=  (A.22)   

The  m in imum  beamwidth  assumption  noted  i n  c lause  A. 4. 2.5  i s  made  here  i nsofar as  the  
smal l est  beam  d iameter  that  can  be  main tained  in  a  cl i n ical  exam  is  0 , 1  cm ,  due  to  both  
operator-  and  patien t-motion ;  then  Pdeg  =  4  mW.  Th is  value  yie lds  the  power requ i red  to  
cause  a  1  °C  temperature  ri se,  Pdeg  i n  terms  of  d6  

 )mW4,C1xC2(max o

6deg dP K=  (A.23)   

I t is  now necessary to express the beam diameter for typical  beams,  such as Gaussian  or Bessinc,  in  
terms of the equivalent beam diameter,  deq .  The equations for a uniform  “disk” beam (A.1 8)  and  the 
equivalent beam diameter  (A.8)  are similar and result in    

  

 

spta

eq6 2
I

P
dd

π
=≈      (A.24)   

For a  Gauss ian  beam ,  see  [1 ] ,    

  

( )
5,5

2

6,spta

α

dI
P

α
π

≈     (A.25)  
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yi e l d i ng  a  beam  d iameter  of  

 eq

,spta

6 17,134,2 d
I

P
d

α

α ==
π

    (A.26)  

where d6  is  the -6 dB beam diameter as discussed above.  Similarly,  for a Bessinc beam,  see [1 ] ,    

  
( )
8,4

2

6,spta dI
P

α

α

π
≈    (A.27)  

yie l d i ng  a  beam  d iameter  of  

 eq

,spta

6 10,119,2 d
I

P
d

α

α ==
π

    (A.28)  

Upon  d i vi d i ng  equati ons  A. 26  and  A. 28  by A. 24  and  geometrical l y averag ing  the  respecti ve  
coeff ic i en ts,  the  fo l l owing  correction  i s  se lected:  

 d6  =  1 ,13  deq   (A.29)  

Th is  express ion  i s  substi tu ted  for d6  i n to  Equati on  A. 23,  yie ld ing  the  power requ i red  to  cause  
a  1  °C  temperature  ri se,  Pdeg  

 )mW52,4,C126,2(max o

eqdeg ×= dCP K  (A.30)  

Express ing  deq  i n  terms  of  Pα  and  Ispta , α  and  us ing  equati ons  A. 7,  A.8  and  A. 9  yie lds  
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wh ich  yi e l ds  the  approximation  
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NOTE  2  The  actual  computed  values  of  2 , 26  CK and  4, 52  i n  Equati on  A. 31  (shown  rounded  i n  equati on  A. 32)  can  
be  rounded  fu rther to  2 , 5CK and  4, 4,  respecti vel y,  for compati bi l i ty  wi th  earl i er  ed i t i ons  of  th i s  s tandard .  

Combining  the attenuated  output power,  Pα,  with  the power required to cause a 1 °C temperature 
rise,  Pdeg ,  (Equation  A.32)  into the general  TI-formula A.4 yields the result for the bone-at-focus model  
for  non-scanning  modes:  
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zP

C

zIzP
TIB

aaa  (A.33)  

where 

CTIB,1  =  50 mW cm
-1  

CTIB,2  =  4,4 mW 

As  described  i n  secti on  5. 4. 2. 2  and  A. 4.2 . 1 ,  i n  Equati on  A. 33  the  depth  at  wh ich  the  TIBbs, ns  
i s  calcu lated ,  zb, ns ,  i s  the  depth ,  for  z  >  zbp  where  the  product  of  the  attenuated  spatial -peak 
temporal -average in tensi ty and  the  attenuated  output  power maxim izes.  
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 ( ) ( )( )zIzPz aa spta,nsb, xmaxofdepth=   (A.34)  

A.4.3.5  Derivation  notes  for bone at  focus for  scann ing  modes (TIBbs,sc)   

An  equati on  for the  be low-surface  TIB  for  scanning  modes  cou ld  be  arri ved  at  us ing  the  
same pri ncipals  appl i ed  in  Ed i ti on  1  and  [22]  for  deri vi ng  the  below-su rface  TIB  for  non-
scanning  modes  and  the  at-surface  TIB.  However,  again ,  Ed i ti on  2  i s  not  fo l l owing  that  
approach .  

There  i s  considerabl y i ncreased  complexi ty and  t ime  associated  wi th  the  measurement and  
estimation  of  deq(z)  i n  scanning  modes ,  and  th is  i s  even  more  d i ff i cu l t  i n  3D  and  4D  
scanning  modes .  I t  i s  preferable  to  choose  formu las  wh ich  g i ve  both  reasonable  resu l ts  and  
wh ich  can  be  reasonabl y implemented  i n  i ndustrial  measurement  l abs,  where  the  constrain ts  
on  measuremen t t ime  and  complexi ty must  be  cons idered .  For the  be low-surface  non-
scanning  mode  case,  su i table  approximations  for deq(z)  were  made i n  Ed i ti on  1  and  [22].  Bu t  
for  scann ing  modes  the  complexi ty of  approximations  for  deq (z)  i s  s i gn i f i can tl y i ncreased  or 
the i r  su i tabi l i ty are  not  wel l  understood .   

Therefore,  use  i s  made  i n  Ed i ti on  2  of  the  c laim  in  62359  Ed i t ion  1  and  i n  [22]  that  for most  
scanning  mode  cases  the  below surface  temperatu re  i n  bone  i s  l ess  than  the  at-surface  
temperature  i n  soft  t i ssue.  Though  l im i ted  support  for  the  claim  i s  g i ven  i n  Ed i t ion  1  and  i n  
[22]  and  though  i t  seems  reasonable  that  the  c laim  i s  not  true  for  some number of  scann ing  
mode  operati ng  cond i t i ons,  some support  i s  offered  [25, 26]  that  i t  may be  true  i n  many cases.  

Th is  c laim  remains  i n  Ed i ti on  2  and  made use  of  by sett i ng  the  bs,scTIB  equal  to  the  as,scTIS .  

 

,1

awf
scas,scbs,

 

TISC

fP
TISTIB 1 x1==      (A.35)  

where  

CTIS, 1   =  21 0  mW MHz  

A.4.3.6  Derivation  notes  for bone at-surface [TIC]  for  non-scann ing  modes   
(TIBas,ns  TICns)  and  for scanning  modes  (TIBas,sc  TICsc  )   

Like  the  bone-at- focus  model  (clauses  A. 4. 3. 4  and  A. 4. 3. 5) ,  the  l ocati on  of  the  maximum  
temperature  i ncrease  for  the  bone-at-surface  (cran ial )  case  i s  at  the  proximal  su rface  of  the  
bone.  S i nce  the  bone  i s  l ocated  at  the  surface,  or  beam  en trance,  there  i s  no  attenuation  and  
there  i s  no  compensati on  for scanning  modes  vs . ,  non-scanning  modes .  The  power 
parameter i s  output  power ,  P.  

The  thermal  model  for  bone-at-surface  for non-scanning  modes  and  scanning  modes  i s  
conceptual l y the  same as  for the  bone-at- focus  models ,  wi th  the  equivalent  apertu re  
d iameter  at  the  surface,  Deq ,  replacing  the  equ ivalent  beam  d iameter,  deq .  Therefore,  the  
power requ i red  to  cause  a 1  °C  temperature  rise,  Pdeg ,  i s  

 Pdeg  =  Csb  Deq  ×  1  °C (A.  36)  

where 

Csb  =  40 mW cm -1  °C-1  

NOTE  1  There  i s  n o  beam  correcti on  factor appl i ed  to  Deq  as  i t  i s  a  f i xed  apertu re  d imensi on .  

NOTE  2   Deq  i s  cal cu lated  as  descri bed  i n  3 . 28  and  A. 4. 2. 1  for  non -scann ing  modes.  For non-scanning  modes  
D
eq  

i s  cal cu lated  as  described  i n  A. 4. 2. 1  and  i n  3 . 28  us i ng  the  outpu t  beam  area  A
ob
,  and  for  scanning  modes  

D
eq
 i s  cal cu lated  as  described  i n  3 . 28  us i ng  the  scanned  aperture area  A

sa .
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Combin i ng  the  output  power,  P,  wi th  the  power  requ i red  to  cause  a 1  °C  temperatu re  r ise,  
Pdeg ,  (equati on  A. 36)  i n to  the  general  TI- formu la (equati on  A. 4)  yi e lds  the  bone-at-surface  
express ion  for  non-scanning  modes  and  scanning  modes:  

 

TICC

DP
TICTIC

eq

scns , =  (A.  37)  

where  

CTIC   =  40  mW cm
- 1  
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Annex B  
( in formative)  

 
Guidance notes for measurement of output  power in  combined  modes,  

scanning  modes and  in  1  cm  ×  1  cm  windows 
 

B.1  General  

This  standard  requ i res ,  for  non-scanning  modes  and  scann ing  modes  the  measurement of  

the  output  power transm i tted  from  the  1  cm  ×  1  cm  area of  the  act i ve  array wh ich  transm i ts  
the  most  power.  Th is  i s  termed  the  bounded-square  output  power .  Th is  s tandard  also  
requ i res,  for  non-scann ing  modes  and  scann ing  modes,  the  determ ination  of  the  total  (non -
bounded)  output  power .   

Th is  annex deals  primari l y wi th  the  exceptions  that  must  be  made from  the  standard  acoustic  
output  power  measurement  procedures  and  requ i rements  set  ou t  i n  I EC  621 27  and  
IEC  61 1 61 .  The  fo l l owing  clauses  provide  gu idance  and  describe  techn iques  for the  
measurement  of  output  power  i n  scann ing  modes,  describe  windowing  techn iques  us i ng  a 

1  cm  ×  1  cm  absorbing  mask,  a  1  cm  ×  1  cm  rad iat ion- force-balance  target  or  e lectron ic  
masking  techn iques.  

Acoustic  output  power  i s  often  measured  us ing  a rad iat i on  force  balance  wi th  an  absorbing  
target  l arge  enough  to  i n tercept  al l  of  the  propagating  energy.  H ydrophone  raster scan  
measurement  methods  may also  be  used,  i f  accurate  enough  (see  note  2) .   

I t  i s  importan t  to  always  d is tingu ish  between  output  power  and  rad iation  force.  U l trason ic  
output  power  i s  a  scalar  and  does  not  depend  on  the  l ocal  ang le  of  i ncidence.  Rad iat i on  
force  i s  a  vector that  depends  on  the  l ocal  ang le  of  i ncidence  (wi th  respect  to  the  d i rection  of  
the  force-measuring  device) .  For  a  p lane-progressive  wave  the  re lat i on  i s  s imply P  =  cF  
(Equati on  (B. 1 )  i n  I EC 61 1 61 ) .  I n  real  f i e l ds  deviati ons  from  th is  re lat ion  occur,  main l y due  to  
(a)  d i ffraction ,  (b)  focuss ing  and  (c)  scann ing  (steering  of  ul trasonic scan  l ines ,  variable  and  
non-paral l el  ang les  of  i nci dence  re lati ve  to  the  force  measuremen t equ ipment detection  axis) .  
Deviat ions  from  Equation  (B. 1 )  due  to  d i ffraction  are  deal t  wi th  i n  B. 4. 2  i n  I EC  61 1 61 ,  those  
due  to  focussing  are  deal t  wi th  i n  B .5  of  IEC  61 1 61  and  those  due  to  scann ing  are  deal t  wi th  
here.  Focused  beams and/or  Steered  beams are  deal t  wi th  i n  the  same way.   

I f  the  summation  of  deviat i ons  i s  l ow enough  when  compared  to  the  uncertain t ies  des i red,  
then   the  above  effects  may not  need  to  be  taken  i n to  accoun t.  

Output  power and  bounded-square output  power measurements  shou ld  have  an  
uncertain ty of  20  30  % or  l ess  (95  % confi dence  l evel ) .  

NOTE  1  Refl ecti ng  targets  are  not  recommended  for  the  rad i ati on  force  measurements  d i scussed  here,  
part i cu larl y  for scanning  modes .   

NOTE  2  I EC  621 27-1  recommends  that  usual l y  i t  i s  more  accurate  to  measu re  total  output  power  by  means  of  
the  rad iat i on  force  method,  and  refers  to  I EC  61 1 61  Ed i t i on  2 .  

B.2  Measurements for combined  operating  modes  

I n  a  combined-operating  mode  wi th  more  than  one  type  of  transmi t  pattern  employed  
during  the  scan  peri od,  the  output  power  may be  cons idered  separatel y for  d i fferen t  transmit  
patterns .  Such  separati on  i s  al l owed  when  necessary to  perm i t  accu rate  measurement  of  
output  power  and  determ inati on  of  the  thermal  index by combin i ng  values  appropriate l y as  
shown  in  Table  1 .  Such  an  approach  may,  for  example,  enable  the  appropriate  acoustic  
working  frequency  to  be  used  for each  calcu lat ion .  Cauti on  i s  needed  to  ensure  that  each  
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se lected  s i ng le  transmi t  pattern  i s  i dentical  to  those  used  during  (by)  the  combined-
operating  mode .  

B.3  Measurement  of  output  power,  P,  i n  scanning  modes  

B.3. 1  Measurement  when  scanning  beam  i s  arrested  

The  beam  scan  i s  arrested  in  the  forward  d i rection  normal  to  the  absorbing  target  and  the  
rad iat i on  force  F1  i s  measured  and  converted  i n to  the  output  power  P1  taki ng  i n to  account  
the  effects  of  d i ffraction  and  focus ing  (per I EC 61 1 61 )  i n  so  far as  these  effects  cannot  be  
i gnored  when  compared  to  the  uncertain ties  to  be  des i red  .   

When  perform ing  measurements  wi th  the  beam  scan  arrested ,  the  measured  output  power 
shou ld  be  corrected  to  compensate  for  any beam -former re lated  ou tpu t  variabi l i ty,  dependent  
on  beam  scan  ang le  and/or l i near  pos i t i on ,  and  shou ld  be  corrected  to  the  scann ing  mode  
pulse repeti t ion  rate .  When  the  beam  and  pu lse  characteris t ics  of  each  u l trasonic scan  l ine  
are  equal  (e. g .  apertu re  s i ze,  pu lse  ampl i tude,  cen tre  frequency,  pu lse  shape,  pulse 
duration ,  beamwidth ,  focus  ang le,  and  so  on )  then  i t  i s  appropriate  to  measure  one  
u l trason ic  scan  l i ne  ( the  one  most  paral l e l  wi th  the  rad iat ion  force  detecti on  axis) ,  ad j ust  for  
pu lse repeti tion  rate  and  assume that  P2  (scann ing  mode  output  power)  =  P1 .  I f  the  
characteris tics  of  each  ul trason ic scan  l ine  are  not  the  same,  adequate  correcti on  or 
weigh ting  shou ld  be  appl i ed .  

NOTE  1    Examples  of  n on -constan t  beam  or pu l se  characteri s t i cs:   

a)  I n  phased  array sector scann ing ,  output  power  i s  sometimes  i ncreased  for  non -normal  scan  ang l es  because  of  
decreased  e l ement  ( recepti on )  sens i t i vi ty  off  axi s .  

b)  D i fferen t  apertu re  s i zes  may be  used  for  d i fferen t  u l trasonic  scan  l i nes .   

Hydrophone  measurements  of  output  power  may also  be  performed  wi th  the  beam  scan  
arrested ,  and  shou ld  also  i nclude  appropriate  compensations  for beam -former re lated  
variat ions  between  ul trason ic  scan  l ines ,  as  described  above.   

B.3.2  Measurements wi th  beams scann ing  

Hydrophone  measurements  of  output  power wi th  the  beams  scann ing  may be  made  by 
making  use  of  a  synchron i zi ng  system  to  synchron i ze  the  transm i tted  acoustic  s i gnal  wi th  the  
measurement  system ,  such  that  one  u l trason ic  scan  l i ne  at  a  t ime  i s  measured  via raster  
scan .  H ydrophone  element d i rectional  response  corrections,  taking  i n to  account  the  ang le  
between  ( the  beam  axis  o f)  each  ul trason ic  scan  l ine  and  the  h ydrophone  acti ve  e lement  
shou ld  be  cons idered  and  appl ied  as  necessary.  An  al ternati ve  h ydrophone  method ,  such  as  
described  in  I EC  621 27,  wh ich  employs  h ydrophones  and  RF  power  meters,  may al l ow 
measurement  wi thou t  synchron izing  on  i nd i vi dual  u l trason ic scan  l ines ;  however angu lar  
corrections  or  scan- l i ne-speci f i c  compensations  may be  more  d i ff i cu l t .  

When  perform ing  these  measurements  i n  scanning  mode  wi th  rad iat ion- force-balances,  the  
(absorbing )  target  and  external  transducer aperture  shou ld  be  such  that  the  effecti ve  beam  
area  i s  i n tercepted  by the  target  over  the  en ti re  extent  of  the  beam .  

The  rad iat ion  force  F2  i n  a  scanning  mode  i s  measured ,  taking  i n to  accoun t  the  effect  of  
d i ffraction  and  focus ing  (per I EC 61 1 61  and  [ 30] ) ,  and  a  correction  based  on  the  cos ine  
formu la i s  appl ied  i n  so  far as  these  effects  cannot  be  i gnored  when  compared  to  the  
uncertai n ti es  to  be  des i red.   

I deal l y,  the  al ig nment of  the  (beam  axis  o f  each)  ul trason ic  scan  l i nes and  the  d i rection  of  
sens ing  of  the  rad iati on- force  balance  shou ld  be  co- l i near to  wi th in  ±1 0° .  As  th is  i s  often  not  
poss ible  i n  sector scan  modes  (wi th  non-paral l e l  u l trason ic  scan  l i nes  and  therefore  larger 
scann ing  ang les) ,  then  compensation  shou ld  be  appl i ed  to  the  measured  values.  
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I f  the  pu lse  repeti t i on  rate  and  the  beam  and  pu l se  characterist ics  of  each  ul trasonic scan  
l ine  are  equal  (e . g .  aperture  s i ze,  pu lse  ampl i tude,  center frequency,  pu lse  shape,  pu lse 
duration,  beamwidth ,  focus  ang le ,  and  so  on )  then  i t  i s  appropriate  to  assume that  the  
measured  (and  ad justed  for  focus ing  and  d i ffracti on)  output  power F2c  mul tipl i ed  by  a 
correcti on  factor (such  as  g i ven  in  B . 3 . 3  below,  see  also  [31 ]  )  represen ts  the  ou tpu t  power i n  
the  scann ing  mode  P2 .  I f  the  characteris tics  of  the  ul trasonic scan  l i nes  are  not  the  same,  
adequate  correction  or weighti ng  shou ld  be  appl i ed  ( for  i nstance  us ing  a summation  i nstead  
of  Equati on  B. 1  be low and  weigh ti ng  each  u l trasonic  scan  l ine  appropriate l y) .  

The  associated  error i n  measurement wi l l  depend  upon  the  speci f i c  geometry of  the  trans-
ducer  and  rad iati on- force-balance  target.  A s imple  example  for a  correcti on  i s  g i ven  i n  B . 3 . 3 .   

B.3.3  Example of  a  rad iat ion-force to  acoustic  output  power correction  based  on  
cosine  formu la  

When  us i ng  an  absorbing  target,  any deviat ion  of  any porti on  of  the  f i e ld  from  the  forward  
propagation  d i rection  ( i . e.  from  the  d i recti on  paral l e l  to  the  detecti on  d i rection  of  the  force-

measuring  device)  l eads  to  a reducti on  of  the  rad iati on  force  as  approximate l y cos(θ ) .  I n  th is  
example  θ   i s  cons idered  the  ang le  between  the  propagation  d i recti on  (or  u l trasonic scan  
l ine beam  axis)  and  the  sense  d i recti on  of  the  rad iat i on  force  detector.   

Consideri ng  here  a cu rved  l i near array (CLA)  wi th  total  scann ing  ang le  Θ .  I t  i s  poss ible  to  
make corrections  for the  beam  that  i s  at  a  represen tati ve  ang le  of  θ .  I t  i s  assumed  that  the  
power i s  d istri bu ted  equal l y over the  transducer i n  the  scan  d i recti on .   

 

A 
B 

θ  

Absorbing  target Absorbing  target 

Scanning angle:  Θ   

IEC   2151/10 

 

 

Figure B. 1  – Example of  curved  l inear array in  scanning  mode 
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Now assume that  each  ul trason ic scan  l ine from  –Θ/2  to  Θ/2  i s  equal  i n  average  output  
power  (al though  not  i n  force  d i rected  paral le l  to  the  rad iat ion- force  detector sense  d i rection) .  
The  force  on  the  absorbing  target  that  i s  actual l y measured  i s  expressed  as  a vector A i n  
Fi gu re  B. 1 ,  wh i le  vector B  expresses  what  i t  shou ld  be.  The  rad iat ion  force  measured  by a 

l arge  enough  absorbing  target  for each  scan  l i ne  i s  expressed  as  (P/c) cosθ .  The  total  
measured  rad iati on  force  F2  can  be  obtained  by i n tegrating  each  force  from  –Θ/2  to  Θ/2 .  F2  
can  be  calcu lated  us i ng  the  fo l lowing  equation :  

 
Θ
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 (B.1 )  

where  

F2  i s  the  total  rad iation  force  from  al l  scann ing  beams acting  on  the  absorbing  target;  
P2  i s  the  true  scanning  mode  outpu t  power ;  
c  i s  the  speed  of  sound  i n  water;  

θ  i s  the  ang le  between  the  propagation  d i recti on  of  i ncident  beam  and  the  d i rection  of  the  
force  measuring  device;  and  

Θ i s  the  ang le  between  the  most  widel y separated  ul trasonic  scanl ines  o f  the  acti ve  
scan  plane,  i n  rad ians.  

Therefore  F2   i s  converted  to  P2  by mu l t ip l ying  F2  by the  reciprocal  factor  of  above  equati on .  

 22

2
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cFP ⋅


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
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Θ
Θ

=  (B.2)  

I f  the  total  scann ing  ang le  i s  60°,  Θ =  π/3  rad ian ,  the  correcti on  factor i s  calcu lated  as  1 , 047  
us ing  equati on  B.2 .  I f  i t  i s  90°,  Θ = π/2 ,  the  correcti on  factor wou ld  be  1 , 1 1 .  

NOTE  1  I t  has  to  be  noted  that  to  obtai n  the  f i nal  power val ue,  i f  not  al ready taken  care  of  i n  the  determ inati on  of  
F2 ,  i t  may be  needed  to  correct  P2  for  d i ffracti on  and  focus i ng .   

B.4  Creating  a  1  cm  ×  1  cm  window using  a  mask of  absorbing  material  or a   

1  cm  ×  1  cm  radiation  force balance target  

B.4. 1  General  

When  a rad iati on  force  balance  target  i s  used  to  l im i t  the  aperture,  i ts  geometry and  

composi t i on  shou ld  be  such  as  to  detect  al l  forward  em issions  from  a  1  cm  ×  1  cm  square  
area immediatel y i n  front  of  the  ul trason ic transducer and  not  to  detect  em issions  from  
ou ts ide  that  area.  

The  two  techn iques  of  defi n ing  the  apertures  i n  Clause  B. 4  have  somewhat d i fferent  sources  
of  error.  Agreement  of  the  two  methods  of  defi n i ng  the  apertures  compared  resu l ts  from  these  
methods,  or  compared  to  resu l ts  from  the  method  of  Clause  B. 5,   shou ld  g i ve  reasonable  
confidence  that  the  aperture  i s  defi ned  accurate l y.  Use  of  an  these  methods,  absorbing  mask 
(B. 4.2)  or  l im i ted  area rad iat ion  force  balance  absorber absorbing  target  (B.4. 3) ,  to  l im i t  

detecti on  to  a  1  cm  ×  1  cm  area at  the  front  surface  of  the  acti ve  scan  aperture  i s  
recommended  for  mechan ical  sector  probes,  or  th i rd -party test i ng  of  al l  u l trason ic  transducers  
when  the  method  of  C lause   B . 5  i s  not  feas ible  (e. g .  for  test ing  mechan ical l y scanned  sector  
probes,  or  th i rd-party test i ng  of  al l  u l trason ic  transducers) .  
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B.4.2  1  cm  ×  1  cm  aperture  i n  a  mask 

When  a mask i s  used ,  i ts  geometry and  composi ti on  shou ld  be  such  as  to  e l im inate  output  

power  except  that  em i tted  by the  des ignated  1  cm  ×  1  cm  area of  the  act i ve  area of  the  
transducer,  to  al l ow passage  of  al l  forward  em issions  from  the  unmasked  area and  to  agree  
wi th  the  accuracy and  other  requ i rements  of  th is  standard.  

The  fron t  surface  of  the  ul trason ic transducer shou ld  be  coplanar wi th  the  mask surfaces  as  
i l l ustrated  i n  Fi gure  B. 3.  Th is  recommendation  main tains  cons istency wi th  B. 3 .2 .  The  
u l trason ic  attenuation  of  the  mask shou ld  be  at  l east  30  dB  and  i ts  window’s  i ns i de  wal l s  
shou ld  be  l i ned  wi th  a ref l ecti ve  material  to  m in im ize  l oss  i n  the  wal ls .   

Bounded-square  output  power  measurements  demonstrati ng  that  the  mask meets  the  
attenuation  cri teria shou ld  be  made;  otherwise  bounded-square output  power  
measurements  shou ld  be  made wi th  two  mask th icknesses,  thereby demonstrating  no  (or  
marg inal )  i n f luence  of  the  mask th ickness .  F igure  B. 2  presents  a sketch  of  a  suggested  
geometry.  A material  wi th  a  maximum  attenuation  coeff ici ent  and  m in imum  impedance  
m ismatch  wi th  water i s  recommended .  Material s  are  avai lable  commercial l y that  are  wel l  
matched  to  water (refl ecti on  coeff ic ien t:  –30  dB)  and  have  a l oss  in  the  range  of  45  dB/cm  at  
3 , 5  MHz.  Add i t ional  attenuati on  can  be  provided  by sandwich ing  a stai n less-steel ,  cl osed-
pore  foam  or other h i gh -  or  l ow- impedance  refl ector between  two  l ayers  of  the  u l trason ic  
attenuating  material .  

For measurement of  the  bounded-square output  power ,  the  mask x-  and  y-d imensions  
shou ld  be  al i gned  wi th  respect  to  the  transducer assembly under test  and  i ts  x  and  y  ax is ,  as  
i l l us trated  i n  Figure  B. 3.  For i nstance,  for  2D-scann ing  modes  wi th  s imple  1 D-transducer  
assembl ies ,  the  imag ing  p lane  axis  can  be  set  equal  to  x  and  the  e levation  d imens ion  can  be  
set  equal  to  y.  Lateral  posi t i on i ng  i s  cri t ical ,  u l trasonic  transducer probe  ho lders  and  j i gs  wi l l  
be  he lpfu l  i n  th is  regard.  I t  i s  an tic ipated  that  an  al i g nment of  the  beam  al i gnment  axis  wi th i n  
±5°  of  the  normal  to  the  mask plane  and  target  plane  and  the  x-  and  y-axes  of  the  transducer 
assembly  u nder test  al i gnment wi th i n  ±5°  of  the  x-  and  y-axes  of  the  mask are  su ff i ci en t  for  
the  purposes  of  th is  test  (see  Fi gure  B. 3) .   

NOTE  For a  number of  beams  the  mask requ i rements  can  be  re l axed:    

•  For con tact  transducers,  i f  an  output  beam  d imension  (Xob  o r  Yob  )  i s  l ess  than  1  cm  i n  any d i recti on ,  then  the  
mask’s  apertu re   may be  g reater than  1  cm  wide  i n  that  d i rect i on .   

•  For transducers  used  wi th  a  s tandoff  path ,  the  mask’s  apertu re  may be  l arger than  1  cm  i n  any d i rect i on  i n  
wh i ch  hydrophone  scann ing  has  demonstrated  that  the  –20  dB  beam-  wid th  at  the  en trance  pl ane  i s  l ess  than  
1  cm .  

B.4.3  1  cm  ×  1  cm  area  rad iat ion-force-balance target  

As an  al ternati ve  to  the  use  of  an  aperture- l im i t i ng  mask,  the  measurement of  the  bounded-

square  ou tput  power  may be  made  us ing  a  1  cm  ×  1  cm  area -  rad iat i on- force  target.  When  

the  1  cm  ×  1  cm  area rad iati on -force-balance  (RFB)  target  i s  used ,  i t  shou ld  be  p laced  
immed iatel y i n  fron t  of  the  ul trasonic  transducer  and  i ts  geometry and  composi t i on  shou ld  

be  such  that  i t  detects  al l  of,  and  on l y,  the  acousti c  em issions  from  a  1  cm  ×  1  cm  area of  the  
ul trason ic transducer .  

The  accuracy and  l i neari ty of  the  measurement of  bounded-square output  power  shou ld  
conform  to  I EC  61 1 61 .  

To  m in im ize  measurement  errors  due  to  reverberati ons ,  cau tion  shou ld  be  used  to  ensure  that  
reflected  acoustic  energy does  not  reflect  back on to  the  target.  Further,  the  orien tati on  of  the  
target’s  x-  and  y-axes  shou ld  remain  co- l i near  wi th  the  chosen  x-  and  y-  axes  of  the  
transducer assembly  u nder  test,  as  i l l ustrated  i n  Fi gu re  B. 4.  
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1 :  Li n i ng  
2 :  Absorber  
3 :  Sandwich  l ayer  
4:  U l trason i c  transducer  

5 :  1  cm  ×  1  cm  window 

 

Figure B.2  – Suggested  1  cm  ×  1  cm  square-apertu re  mask 
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1 :  RFB  Target  

2:  Mask 

3:  U l trason i c  transducer  

Figure B.3  – Suggested  orientation  of  transducer,  mask aperture and  RFB  target  
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1 :  U l trason i c  transducer  

2:  1  cm -square  RFB  target  

Figure B.4  – Suggested  orientation  of  transducer and  1  cm-square  RFB  target  

B.5  Creating  a  1  cm  ×  1  cm  window using  electronic control  or using  
calculations  

Where  the  equ ipment  contro l  scheme and  transducer geometry al l ow,  masking  a 1  cm  ×  1  cm  
square-area aperture  may be  accompl ished  e lectron ical l y by de-energ i zi ng  the  apertu re  

ou ts ide  th is  area,  provided  that  the  output  power em i tted  wi th i n  the  1  cm  ×  1  cm  square  area 
apertu re  i s  not  affected  by the  electron ic  masking .  

E lectron ic  means  for  masking  the  acti ve  aperture  for a  1  cm  ×  1  cm  square-area aperture  are  
recommended  where  feasible  wi th  e lectron ical l y con trol l able  arrays  (sequenced,  phased ,  or  
combination) .  

I n  cases  where  arrays  are  e lectron ical l y con trol l able  i n  one  d imension  (e. g .  scan-d imension ,  
x)  bu t  not  the  other (e. g .  transducer e lement  l eng ths ,  y >  1  cm ) ,  the  measurement of  
bounded-square output  power  can  be  ach ieved  by e lectron ical l y masking  the  e lements  
ou ts ide  1  cm  in  the  x  d imension ,  making  the  power measurement  and  then  mathematical l y 
ad j usti ng  the  power  value  to  a y-d imension  of  1  cm .  

Where  transducer geometry and  u l trasound  rad iati on  al lows,  mathematical l y windowing ,  or  a  
combination  of  acoustic  windowing  and  mathematical l y windowing ,  i s  al l owed .  For example,  i n  
a  case  of  l i near  scann ing  the  ratio  of  scan  width  to  1  cm  cou ld  be  used  i n  the  calcu lat ion ,  
al though  i n  a  number of  cases  i t  i s  not  s impl y the  rat i o  of  the  two.  

B.6  Measurement  of  bounded-square output  power 

Whi le  us ing  the  methods  of  B . 4. 2  or  B. 4.3  or  C lause  B.5  to  mask e l im inate  al l  the  output  

power except  that  orig i nati ng  th rough  a 1  cm  ×  1  cm  square  window wi th i n  the  output  beam  
area i n  scann ing  mode ,  the  remain i ng  bounded-square  output  power shou ld  be  measured  
accord ing  to  the  procedu res  i n  I EC  61 1 61 .  

I n  l ocating  the  mask used  i n  e i ther  B. 4. 2  or  C lause  B.5,  or  the  target  used  i n  B . 4. 3,  the  1  cm  ×  
1  cm  square  aperture  em i tt i ng  the  largest  bounded  ou tput  power ,  shou ld  be  exposed.   

The  uncertai n ty of  the  measurement  of  bounded-square  power shou ld  be  20% or  l ess .  

    

Scan  axi s    

Normal  to  RFB  target    

2  

1    

Mask Target  x  o r  y  axi s  
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Annex C  
( in formative)  

 
The contribution  of transducer sel f-heating  

to  the temperature rise occurring  during  u l trasound  exposure  
 

The  i ssue  of  temperature  i ncrease  occurring  du ring  c l i n ical  exposure  to  d iagnostic  u l trasound  
i s  re levan t  to  several  cu rren t  and  fu ture  nati onal  and  i n ternational  s tandards.  The  present  
standard  i s  particu larl y important  i n  th is  regard  as  i t  speci f i es  formu lae  for  calcu lat i ng  a  
number of  thermal  i nd ices  (TI)  wh ich  are  used  to  provide  safety-related  real - t ime  feedback to  
cl i n ical  users.  The  majori ty of  manufacturers  of  u l trasound  imag ing  equ ipment  now compl y 
wi th  the  I EC  60601 -2-37  standard  wh ich  refers  to  the  present  s tandard  for  the  method  of  
determ in ing  TI values  to  fu l f i l  i n ternational  regu lati ons .  Consequentl y,  most  modern  scanners  
calcu late  and  d isplay TI values  wh ich  are  used  by cl i n ic ians  and  sonographers  i n  making  thei r  
cl in ical  r i sk assessmen ts.  

TI values  are  calcu lated  from  measurements  of  acoustic  quanti t ies  made  wi th  h ydrophones  
and  rad iati on  force  balances.  Essential l y,  the  formu lae  used  are  a s impl i f i ed  method  of  
est imating  the  temperatu re  ri se  produced  by the  absorpti on  of  u l trasound .  However,  there  i s  a  
second  major  cause  of  t i ssue  heati ng  wh ich  i s  i gnored  by the  presen t  s tandard  and  that  i s  
se l f-heati ng  of  the  u l trasound  transducer.  Th is  se l f-heating  i s  caused  by e lectrical  i neff ic i ency 
of  the  transducer;  eff i ci encies  are  typical l y around  30% mean ing  that  more  than  twice  as  
much  energy i s  l iberated  as  heat  i n  the  transducer than  i s  absorbed  and  converted  to  heat  i n  
the  exposed  t i ssue.  For  most  transducers,  most  of  the  heat  produced  by the  transducer  i s  
generated  in  the  th i n  p i ezoelectric  layer  ad jacent  to  the  contact  surface  wi th  the  t i ssue.   

Stud ies  [32, 33 ,34, 35, 36]  wi th  Thermal  Test  Objects  (TTO)  and  a range  of  cl i n ical  pu lsed  
Doppler  transducers  have  shown  that  over  th ree  m inu tes  exposure,  se l f-heating  accoun ts  for  
approximate l y hal f  of  the  temperature  rise  i n  the  TTO at  a  d i stance  of  7  mm  from  the  
transducer.  At  smal l er d i stances  or  for l onger exposure  t imes,  se l f-heati ng  wi l l  be  an  even   
l arger con tri bu ti on .  I t  i s  c l ear,  therefore,  that  any proper evaluation  of  the  thermal  hazard  must  
i ncl ude  transducer se l f-heati ng .  One  approach  wou ld  be  to  model  the  transducer i tse l f  
mathematical l y by cons iderati on  of  the  e lectrical  and  thermal  propert ies  of  the  p i ezoelectric  
e lement and  the  transducer case.  Th is  wou ld  certain l y be  feas ible  as  an  academ ic  study (see  

Saunders  [37] ) .  However,  i n  general ,  the  properties  and  constructi on  of  the  transducer wi l l  not  
be  known  (except,  poss ibl y,  by the  transducer manufacturer)  so  a s impler,  more  practicable  
method  wh ich  cou ld  be  implemented  i n  fu tu re  national  and  i n ternational  standards  shou ld  be  
proposed .  

Stud ies  are  on -going  wh ich  suggest  that,  subject  to  certain  s impl i fyi n g  assumptions ,  the  
temperature  prof i l e  (due  to  se l f-heating )  as  a  functi on  of  d is tance  from  the  transducer can  be  
approximated  from  a s i ng le  measurement  of  the  temperature  at  or  c l ose  to  the  
transducer/t i ssue  i n terface.  The  total  temperature  can  then  be  g i ven  by the  summation  of  the  
se l f-heating  con tribu t ion  and  the  contribu ti on  due  to  l ocal  u l trasound  absorption  wi th in  the  
medium .  The  need  to  take  th is  approach  i n  the  present  s tandard  cou ld  not  reach  consensus  
and  i n troduction  of  such  methods  i s  postponed  to  a th i rd  ed i t i on  of  th is  standard .  
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Annex D  
( in formative)  

 
Gu idance on  the  in terpretation  of TI and  MI  

 

D.1  General  

I t  i s  beyond  the  scope  of  th is  standard  to  go  in to  detai l  on  the  re lat ion  of  the  thermal  index  
(TI)  and  mechan ical  i ndex (MI)  to  safety.  I n  add i t ion  to  the  short  not i ce  below,  i n terested  
users  are  i nvi ted  to  consu l t  the  references  i n  the  B ibl i og raphy [5 ,7, 8, 1 1 ] .   

The  re lati onsh ip  of  various  acoustic  output  parameters  ( for  example,  acoustic  i n tensi ty,  
acoustic  pressure ,  output  power ,  etc… )  to  b i olog ical  effects  i s  not  presentl y fu l l y 
understood .  Evidence  to  date  has  identi f i ed  two  fundamental  mechan isms,  thermal  and  
mechan ical ,  by wh ich  u l trasound  may i nduce  bi oeffects  [1 2, 1 3, 1 4, 21 , 38, 39] ,  and  i n  certai n  
cases  al teration  or damage to  t i ssue.  The  thermal  mechan ism  i s  temperature  ri se  due  to  
energy absorpti on  and  the  mechan ical  bi oeffects  may be  caused  by various  ki nds  of  
cavi tati on ,  due  to  reduced  i nstantaneous  pressure.  

The  temperature  ri se  and  the  poss ibi l i ty of  cavi tation  seem  to  depend  on  such  factors  as  the  
to tal  energy ou tpu t,  the  mode,  the  shape  of  the  u l trasound  beam ,  the  pos i t i on  of  the  focus,  the  
cen tre  frequency,  the  shape  of  the  waveform ,  the  frame rate,  and  the  du ty factor.  The  MI and  
TI are  des igned  to  take  the  most  importan t  of  these  factors  i n to  account  and  g i ve  the  user 
i n formation  i n  real  t ime  abou t  the  potential  for  thermal  or  mechan ical  b ioeffects .  Because  the  
MI and  TI refl ect  i nstantaneous  ou tpu t  cond i t i ons ,  they do  not  take  i n to  accoun t  the  
cumu lati ve  effects  of  the  total  exam inati on  t ime,  especial l y wi th  regard  to  heating .  I t  i s  
re levant  to  emphasi ze  that  shorten ing  i nsonati on  times  can  g i ve  a  l arge  safety marg in  under 
some cond i t i ons  (wide,  scann ing  beams  in  soft  t i ssue)  bu t  no  s i gn i f icant  marg in  under other 
cond i t i ons  (narrow ,  non-scann ing  beams  on  bone)  [26] .  I t  i s  the  respons ibi l i ty of  the  operator  
to  understand  the  ri sk of  the  ou tpu t  of  the  equ ipment,  and  to  act  appropriate l y i n  order to  
obtain  the  needed  d iagnostic  i n formation  wi th  the  m in imum  risk to  the  patien t.  To  be  able  to  
do  so,  the  manufactu rer of  the  device  wi l l  provide  i n formation  to  the  user on  how to  i n terpret  
the  d isplayed  u l trason ic  exposure  parameters,  thermal  i ndex  and  mechan ical  index (see  
IEC 60601 -2-37) .  Further  g u idance  on  of  the  rat ionale  and  deri vation  of  MI and  TI are  g i ven  i n  
[27, 40] .  

D.2  Limi tations of  the ind ices  

•  Al though  Table  1  g i ves  a method  to  add  the  con tri bu tions  of  d i fferent  d iscrete  modes  the  
method  has  some d isadvan tages.  For example,  the  below-su rface  TI- formu lati on  wou ld  
i deal l y be  a maximum  of  the  summation ,  at  each  depth  z,  of  the  scann ing  and  non -
scann ing  contri bu tions .  However,  Table  1  speci fi es  a summation  of  the  i nd i vi dual  
maximum ,  and  assumes  (as  per  A. 5. 3 . 3  and  A. 5. 3. 5)  that  the  maximum  below su rface  TI 
value  i n  scanned  modes  i s  l ess  than  or  equal  to  the  at-surface,  soft  t i ssue  TI (TISas, sc) .  

•  Ori g inal l y the  formu lations  for TI were  not  i n tended  for  use  i n  oph thalm ic  appl icati ons.  
Recentl y TI has  been  used  for oph thalm ic  appl i cations  [41 ] ,  However special  cau tion  i s  
advised.  Th is  i ssue  i s  fu rther addressed  i n  the  fo l l owing .    

•  F i n i te  ampl i tude  effects  are  known  to  al ter i n tens i t i es  and  pressures  measured  i n  water i n  a  
non- l i near way.  As  the  models  used  i n  th is  standard  are  l i near,  the  in situ  exposu res  may 

be  1 , 5  or  2 , 0  t imes  the  values  ind icated  by TI o r  MI [42 ] .  I f  a  correcti on  method  for th is  
effect  has  not  been  appl ied ,  th is  shou ld  be  made known  to  the  operator.   

•  The  TI values  pred ict  heating  in  t i ssue  next  to  the  transducer surface  due  on l y to  the  
energy absorbed  from  the  beam .  No  correction  i s  made  for  the  heati ng  of  superf icial  
t i ssues  by the  transducer  i tsel f,  wh ich  may be  s ign i f icant  (see  Annex  C) .  
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•  As  noted  i n  Annex A,  impos i t ion  of  the  break-point  depth  (zbp)  requ i remen t,  wh i le  usefu l  
for  separati ng  ‘at-surface’  and  ‘below-surface’  TI values,  and  for preventi ng  h ydrophone- to-
transducer contact,  creates  an  unexam ined  reg ion  wh ich ,  part icu larl y for f-numbers  be low 
1 , 5,  may con tain  the  h i ghest  below-surface  temperature.  

•  The  TI represents  average  values  calcu lated  accord ing  to  a model  and  shou ld  NOT be  
i n terpreted  as  the  numerical  value  of  the  actual  temperature  ri se  i n  °C  i n  the  i nsonated  
ti ssues.  Nevertheless,  re lationsh ips  between  these  quan ti t i es  have  been  s tud ied  and  
resu l t i ng  cau tions  are  g i ven  i n  th is  annex.  As  has  been  explai ned,  there  are  l im i tat i ons  on  
the  models  underl yi ng  both  the  MI and  TI.  These  models  con tain  practical  s impl i f i cati ons  to  
complex  and  i ncompletely understood  bi o-effects  i n teracti ons .  Because  of  th is  fact,  the i r  
use  i s  to  be  l im i ted  to  re lati ve  i nd icati on  of  b i o-effect  r i sk.  The operator  shou ld  be  aware  
that,  i n  a  l im i ted  number of  cases,  the  actual  worst-case  temperature  ri se  may be  up  to  
th ree  t imes  h i gher than  the  d isplayed  TI value,  i f  i t  were  in terpreted  i n  °C  [29] .  The  TIS 
values  are  based  on  a model  of  l i near array scanners,  focuss ing  energy on  a l i ne .  For  
ci rcu lar  transducers  wi th  a  po in t- focus,  a  theoretical  calcu lation  [1 1 ]  for  ratios  between  
numerical  value  of  temperature  ri se  and  the  TIS  value  for the  non-scann ing  mode  yi e l ded  
resu l ts  that  ranged  from  0, 24  to  1 09.  The  rat io  1 09  was  calcu lated  for a  h ypothetical  4-cm  
d iameter transducer,  f-number 0, 7  at  1 2  MHz [1 1 ] .  Th is  i s  an  (extreme)  atypical  case  of  
medical  d iagnostic  u l trasound  and  i t  shou ld  be  noted  the  calcu lated  temperature  ri se  was  
l ess  than  0 , 01 °C,  wh i l e  the  TIS  value  was  l ess  than  0 , 0001 .  As  menti oned  earl i er  and  as  
i nd icated  i n  [1 1 ] ,  the  rat io  of  1 09  resu l ts  primari l y from  l im i ti ng  the  axial  search  for the  TIS  

to  depths  ≥  the  break-point  depth ,  6  cm  i n  th is  case,  wh i le  the  nom inal  focus  of  the  
transducer,  and  the  pos i ti on  of  maximum  calcu lated  temperature  ri se ,  i s  at  2 , 8  cm .  

•  The  model  for  calcu lat ing  TI assumes  some cool i ng  by b lood  perfus ion .  For appl icati ons  
where  poorl y perfused  t i ssues  are  i nsonated,  the  TI may underestimate  the  numerical  
value  of  the  worst-case  temperature  ri se,  and  the  TI d isplayed  duri ng  such  a  c l i n ical  exam  
shou ld  accord ing l y be  main tained  at  a  lower value  than  i s  usual l y employed .  Conversel y,  
when  scann ing  wel l -perfused  organs,  such  as  hepatic,  card iac  or vascu lar structu res ,  the  
value  of  TI d i splayed  may overestimate  the  numerical  value  of  the  actual  temperature  ri se.  

•  The  models  use  a f i xed  attenuati on  coeff ic i en t  and  as  such  do  not  take  long ,  l ow-
attenuation  f lu i d  paths  i n to  account.  I n  such  cases,  the  u l trasound  energy wi l l  not  be  
absorbed  as  much  as  the  model  assumes  wi th  the  resu l t  that  the  t i ssue  d istal  to  the  f lu i d  
path  may be  exposed  to  h igher energy l evels  than  the  models  pred ict.  For example,  
scann ing  th rough  a fu l l  b ladder or  amn ioti c  f l u i d  may resu l t  i n  d isplayed  TI values  that  
underestimate  numerical  value  of  the  actual  temperature  ri ses.  On  the  other hand,  the  
f i xed  attenuati on  coeff ic i en t  used  (0, 3  dB  cm

- 1
MHz

- 1
)  i s  cons iderabl y smal l er than  average  

values  for human  t i ssue.  Therefore,  i n  many cases,  t i ssues  may be  exposed  to  l ower leve ls  
of  energy than  the  models  pred ict.  

•  The  mean ing  of  “reasonable  worst  case”  i s  taken  as  that  g i ven  by the  World  Federation  for 
U l trasound  i n  Med icine  and  B iology [43] ,  namely “ that  set  of  t i ssue  propert i es  and  
d imens ions  such  that  l ess  than  2 ,5% of  patients  have  a h i gher calcu lated  temperatu re  
i ncrease  or other thermal  endpoin t  i f  the i r  actual  t i ssue  properti es  or  th icknesses  d i ffer 
from  those  employed  i n  the  calcu lat ions” .  
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Annex E  
( in formative)  

 
Di fferences from IEC 62359 Edi tion  1  

 

E.1  General  

The  methods  of  determ ination  set  ou t  i n  Ed i t ion  1  of  th is  standard  are  based  on  those  
con tained  i n  the  s tandard  for Real–Time D isplay of  Thermal  and  Mechan ical  Acoustic  Output  
I nd ices  on  D iagnostic  U l trasound  Equ ipment  [22]  and  were  i n tended  to  yi e l d  i den tical  resu l ts .  

The  models  on  wh ich  these  determ inati ons  are  based  and  the  measurement and  calcu lati on  
rat ionale  are  con tained  i n  [22]  and  i n  i ts  secondary references.  Ed i t ion  1  of  th is  standard  has  
fo l l owed  [22] .  Wh i le  Ed i t i on  2  also  fo l lows  [22]  i n  principal  and  uses  the  same bas ic  formu lae  
and  assumptions  (see  Annex  A) ,  i t  contains  a  few s i gn i f i cant  mod i fi cati ons  wh ich  deviate  from  
[22] .   

One  of  the  primary i ssues  deal t  wi th  i n  preparing  the  Ed i ti on  2  of  th is  standard  i s   ‘m iss ing ’   TI 

equati ons .  I n  Ed i t ion  1  there  were  not  enough  equati ons  to  make complete  ‘at-surface’  and  
‘be low-surface’  summations  for  TIS  and  TIB  i n  combined-operating  modes .  

Annex F  was  added  to  Ed i t i on  2  of  th is  s tandard  to  support  the  defi n i ti on  and  determ inati on  of  
maximum  posi t ions  and  values  of  Ispta ,  Ispta ,α ,  Isppa  and  Isppa , α  speci f ied  by IEC  60601 -2-37.  

NOTE  Sim i lar  to  the  below-su rface  TI val ues,  these  are  al so  speci f i ed  to  be  found  on  the  beam  axis  beyond  the  

break-poin t  depth  z
bp

.  

E.2  Di fferences from  IEC 62359 Edi tion  1  

Whi le  there  have  been  numerous  ed i torial  changes  and  clari f i cati ons ,  the  techn ical  changes  
and  major ed i torial  c l ari f i cations  in  Ed i t ion  2  come  down  to  a re lat i ve  few.  

Some of  the  major changes  from  Ed i t i on  1  are  re lated  to  the  i n troduction  of  new calcu lat ions  
of  thermal  i nd ices  to  take  i n to  accoun t  both  "at-surface"  and  "below-surface"  thermal  effects:  

TI i n  s i ng le  modes  of  operati on   
 
TISas  

 
•  The  substi tu ti on  of  P1 x1  for  P1  i n  TISas, sc .  

(See  Annex A.4. 1 . 4  and  A. 4. 1 . 5)  
•  The  calcu lati on  of  TISas, ns  for  al l  aperture  s i zes.   
•  Using  the  same TISas  equation  for both  non-scanning  modes  and  scanning  

modes .   
 
TISbs  

 
•  For non-scanning  modes  the  TISbs, ns  equation  now appl ies  ( i s  calcu lated)  for  al l  

aperture  s i zes .  
•  For scann ing  modes  a  TISbs, sc  equation  has  been  added.   
 

 
TIBbs  

 
•  For scann ing  modes  a  TIBbs, sc  equati on  has  been  added.  

 
TI i n  combined  modes  of  operati on   
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•  The  TI i s  s impl y the  maximum  of  the  ‘At-Surface  Summation ’  or  the  ‘Below-Surface  

Summation ’ .  New i n  Ed i t i on  2  of  the  standard ,  there  i s  an  at-surface  term  (as)  and  
a  below-surface  term  (bs)  for each  acti ve  Transmit  Pattern  regard less  of  whether 
scann ing  or  non-scann ing  or of  apertu re  s i ze.  These  at-surface  and  below-surface  
terms  are  calcu lated  at  al l  t imes.  

 
•  From  Table  1  of  section  5. 6:  

 
















= ∑∑

Modes
Discrete

Modes
Discrete

TISTISTIS bsas ,Max  
















= ∑∑

Modes
Discrete

Modes
Discrete

TIBTISTIB bsas ,Max  

zbp   

 
•  Edition  2 makes clearer that zbp  is  to be appl ied to TISbs, ns ,  TIBbs, ns  and not to MI.   
•  In  Edition  2 a depth for MI (zMI)  is  specifical ly defined.  

 
 
 Psc  

 
•  Explanation  and  equations  have  been  added  to  Annex B  describ ing  the  add i t i onal  

complexi ty and  sources  of  error  i n  the  determ inati on  of  acoustic  ou tpu t  power i n  
scann ing  modes  (Psc) .  Recommended  corrections  are  described  for non-normal  
i nci dence  ( i . e.  i f  measuring  i n  scann ing  modes withou t  arresti ng  the  beam  
scann ing ) .  

 
 
Beam-axis  
 
•  Edi t ion  2  makes  clearer  that  measurements  are  to  be  made  on  the  beam-axis .   
 
NOTE  Transverse  scans  wh i ch ,  at  depths  of  i n terest,  re-aff i rm  that  the  beam-axi s  remains  found  are  
recommended .   

 

Table  E. 1  summarizes  some of  the  major changes.  

NOTE  The  I
spta , α

(z
b, n s

)  and  I
spta , α

(z
s , n s

)  val ues  shown  i n  Table  E . 1  are  not  the  "maximum"  attenuated  spatial -
peak temporal -average i n tensi ty  val ues  descri bed  i n  Annex F,  because  they are  at  the  depth  for  TIB  and  the  
depth  for  TIS,  respecti vel y.  
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Table  E. 1  – Summary of  d i fferences  

Parameter  Ed i t i on  1  Ed i t i on  2  

 
zbp  

 
 

zbp  =  1 ,5  ×  Deq  

 

 

•  No  change  to  formu la 
 

zbp  i s  on l y used  i n  determ in i ng  below-
surface  TI for  non-scanned  modes.  

zbp  i s  also  appl i ed  to  Ispta,  Ispta ,α ,  Isppa  

and  Isppa ,α  determ inati on  described  i n  
Annex F.  

 
 

MI 

 

( )
   

1 /2

awfMIr,

MIC

fzp
MI α

−⋅
=  

 

•  No  change  to  formu la 
 

•  Measure  at  z  =  zMI i s  now stated.  

 
TISas, ns  

 

•  TISns  i s  calcu lated  at-surface  on l y 
when  output  beam  area  (Aob)  i s   
≤  1  cm

2
 

,1

awf
ns

TISC

Pf
TIS =  

 

•  Calcu late  for  al l  Aob  s izes .  
 

,1

awf11
nsas,

TIS

x

C

fP
TIS =  

 
 

TISas, sc  
 

,1

awf1
scas,

TISC

fP
TIS =  

 

,1

awf11
scas,

TIS

x

C

fP
TIS =  

 
 
 

TISbs, ns  

 

•  TISns  i s  calcu lated  on l y when  
output  beam  area  (Aob)  i s  >  1 cm

2
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•  Calcu late  for  al l  Aob si zes  
 

•  No  change  to  formu la 
 

 
TISbs, sc  

 

•  No  formu la speci fi ed .  

 

•  Same formu la as  TISas, sc  

 

,1

awf
scas,scbs,

 

TISC

fP
TISTIB 1 x1==  

 
 

TIBbs, ns  
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
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
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
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,2

nsb,
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C

zIzP
TIB

aaa

 
 

 

•  No  change  to  formu la 
 

•  Measure  at  z  ≥  zbp  i s  now stated.  

 
TIBbs, sc  

 

•  No  formu la speci f i ed .  
 
 
 

 

•  Same formu la as  TISas, sc  

     

,1

awf
scas,scbs,

 

TISC

fP
TISTIB 1 x1==  

 
TICas, ns  

TICas, sc  

 

TIC

DP
TIC

C

/ eq=  

 

•  No  change  to  formu la 
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Annex F 
( in formative)  

 
Rationale  and  determination  of maximum non-attenuated  
and  attenuated  spatial -peak temporal -average in tensi ty 

and  spatial -peak pu lse-average intensi ty values 

F.1  Rationale  

This  standard  establ ishes  parameters  and  methods  re lated  to  thermal  and  non- thermal  
exposure  aspects  of  d i agnostic  u l trason ic  f i e lds  su ff icient  to  calcu late  mechan ical  index  (MI)  
and  thermal  index  (TI)  for  d isplay as  speci fi ed  i n  IEC  60601 -2-37.  

I n  the  process  of  describing  the  determ ination  of  the  thermal  index  and  the  mechanical  
index ,  th is  standard  defi nes  and  describes  the  key componen ts  for deri vi ng  maximum  non -
attenuated  and  attenuated  spatial -peak temporal -average  and  spatial -peak pu lse-average  
i n tens i t ies  at  any depth  z  i n  the  acoustic  f i e ld .  Meanwh i l e,  the  acoustic  ou tpu t  reporti ng  tables  
speci f ied  i n  I EC  60601 -2-37 requ i re  the  provis ion  of  the  spatial  maximum  values  of  these  
parameters  i n  the  acoustic  f i e l d  at  speci f i c  depths  z;  i ncl ud ing  provid i ng  spatial  maximum  
values  over al l  depths  z  on  the  beam  axis  beyond  the  break-point  depth ,  and  " l ocal "  spatial  
maximum  values  at  other  depths  on  the  beam  axis .  

NOTE  1  Other  i n terested  part i es  al so  requ i re  provi s i on  of  these  parameters  at  ‘ g l obal ’  spat i al  maximum  pos i t i ons ,  
and  i n  some  cases  have  establ i shed  regu latory l im i ts  on  thei r  val ues .  

NOTE  2  Recal l  from  the  defi n i t i ons  i n  Clause  3  that  "spatial  peak"  i n  the  terms  "attenuated  spati al -peak 
temporal -average i n tensi ty"  and  "attenuated  spati al -peak pu lse-average i n tensi ty"  i s  the  peak value  at  a  g i ven  
depth ,  z  ( i . e .  n ot  the  peak value  over al l  depths ,  z) .  

NOTE  3  The  depths  at  wh i ch  the  MI and  bel ow-surface  TIS  and  below-su rface  TIB  are  determ ined  wi l l  n ot  

general l y  be  the  same  depths  at  wh i ch  the  maximum  val ues  of  I
spta

,  I
spta , α

,  I
sppa

 or  I
sppa , α

 occu r.  

This  s tandard  refers  to  I EC  621 27-1 ,  I EC  621 27-2  and  I EC  621 27-3  for  defi n i t i ons ,  
speci f ications  of  properti es  and  cal i bration  of  measurement  equ ipment and  for h ydrophone-
based  measurement  methods.  I EC  621 27-1  defi nes  vari ous  acoustic  parameters  wh ich  can  be  
used  to  speci fy and  characteri ze  u l trason ic  f ie l ds  propagati ng  i n  water us ing  h ydrophones .  
IEC  61 1 57  also  def ines  vari ous  acoustic  parameters  wh ich  can  be  u sed  to  speci fy and  
characteri ze  u l trason ic  f i e lds  propagati ng  in  water.  

Wh i le  these  s tandards  provide  valuable  i n formation  on  the  measurement  of  u l trasound  f i e l ds,  
they do  not  describe  standard i zed  determ ination  of  maximum  non-attenuated  or attenuated  
spatial -peak temporal -average in tensi ty,  Ispta  and  Ispta ,α  nor  non-attenuated  or  attenuated  
spatial -peak pu lse-average in tensi ty Isppa  and  Isppa ,α.  Therefore,  s tandard ized  means  and  
def in i t ions  for thei r  determ inati on  are  provided  in  Annex  F.  

I n  combination  wi th  I EC  621 27  and  I EC 61 1 61 ,  th is  s tandard  describes  a complete  set  of  
methods  for  determ in i ng  al l  acoustic  ou tpu t  parameters  for medical  d iagnostic  u l trason ic  
equ ipment  u sed  wi th i n  the  u l trasound  communi ty,  i ncl ud ing  those  parameters  cal led  for by 
IEC 60601 -2-37.  

F.2  Overview 

The  goal  of  th is  Annex  F  i s  to  describe  s tandard i zed  methods  for determ ination  of  maximum  
pos i t ions  and  values  of  non-attenuated  and  attenuated  spatial -peak temporal -average 
in tensi ty  Ispta  and  Ispta ,α ,  and  non-attenuated  and  attenuated  spatial -peak pu lse-average 
in tensi ty  Isppa  and  Isppa ,α,  i n  the  acoustic  f i e l d  of  a  med ical  d iagnostic  u l trasound  device.  
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Other,  non- IEC,  measurement  s tandards  def ine  the  determ inati on  of  Ispta ,α  and  Isppa ,α  for  
regu latory agency purposes.  Reference  [44]  i s  used  wide l y and  i s  referenced  i n  I EC  621 27-1 .  
The  methods  l i s ted  i n  th i s  Annex  F  are  i n tended  to  be  consis ten t  wi th  [44] .  

The  standard  attenuati on  coefficient  value  chosen  i s  0 , 3  dB  cm–1  MHz–1 ;  the  same value  i s  
i n troduced  and  used  by th is  s tandard  i n  the  deri vati on  of  the  below-surface  thermal  index 
and  the  mechanical  index .  

Another key s im i lari ty to  the  below-surface  thermal  index and  the  mechan ical  index i s  to  
remain  on  the  beam  axis  when  f i nd i ng  the  posi t ion  of  spat ial  maximum  values.  

Sim i larl y,  th is  s tandard  defi nes  the  break-point  depth ,  and  appl ies  i t  i n  the  determ ination  of  
the  below-surface  thermal  i nd ices  TIS  and  TIB  for  non-scanning  modes .  Th is  same break-
point  depth  i s  used  for maximum  Ispta,  Isppa,  Ispta ,α  and  Isppa ,α  and  i s  appl ied  for both  
scanning  modes  and  non-scanning  modes .  

As  shown,  for  non-scanning  modes  one  depth  zpii ,α  i s  used  for the  depth  of  maximum  
Ispta ,α  and  depth  of  maximum  Isppa ,α,  and  one  depth  zpii  i s  used  for  the  depth  of  maximum  
Ispta  and  depth  of  maximum  Isppa .  

However,  as  shown ,  for scanning  modes  the  depths  of  maximum  Ispta ,α   and  Isppa ,α   (and  Ispta 
and  Isppa)  can  be  d i fferen t,  and  the  depths  of  maximum  Ispta  and  Ispta ,α  often  are  not  at  the  
same depth  as  they occu r for non-scanning  modes.  

Describing  the  determ inati on  of  the  Ispta ,α  and  Ispta  for  scann ing  modes  i s  the  most  
compl icated  and  large  part  of  Annex F.  F. 3 . 3 .2  and  F.3 . 1 . 4. 2  g i ve  the  summari zed  
expressions  wh i le  C lause  F. 4  g i ves  more  detai l ed  i n formation .  

F.3  Test  methods 

F.3. 1  Common  parameters  

F.3. 1 . 1  Attenuation  coeffi cient  and  frequency 

The  acoustic  attenuation  coefficient  val ue  α  u sed  for the  determ inati on  of  maximum  Ispta , α  

and  Isppa ,α i s  0 , 3  dB  cm
–1  MHz–1  with  l i near  frequency dependence.  

NOTE  1  Th i s  val ue  i s  the  same as  i s  used  i n  the  determ inati on  of  the  MI and  TI,  and  i t  matches  the  attenuati on  
coeffi ci en t  u sed  i n  [41 ]  and  [44] .  

Repeating  Equation  (A. 6)  i n  A. 4. 2. 3:  

The  attenuated  spatial -peak temporal -average in tensi ty  i s  denoted :  

dB)/1 0awf(-

spta,tasp 1 0 )()(
fz 

α zIzI
a=

 

where  

Ispta(z)   i s  the  spatial -peak temporal -average in tensi ty  at  d i stance  z,  

α  i s  the  acoustic  attenuation  coeffi cient ,  

fawf  i s  the  acoustic-working  frequency,  and  

z  i s  the  d is tance  from  the  external  transducer aperture  to  the  poin t  of  i n terest.  

NOTE  2  I n  accordance  wi th  3 . 4,  NOTE  2,  and  3 . 24,  the  acoustic-working  frequency i s  determ ined  at  the  depth  
for  peak pu lse-in tensi ty i n tegral  on  the  beam  axis .  

NOTE  3  See  A. 4. 2. 3,  5 . 1  and  Clause  D. 2  for add i t i onal  d i scuss ion .  



 – 74  – IEC  62359:201 0+AMD1 :201 7  CSV  

    I EC  201 7  

F.3. 1 .2  Use of  the  beam  axis  

Measurements  for  Isppa,  Isppa ,α ,  Ispta  and  Ispta , α  i n  non-scanning  modes  shou ld  be  made on  
the  beam  axis .  

NOTE  Wh i l e  there  can  be  s i de- l obes  wi th  h i gher i n tens i ty  and  pressu re  values ,  the  same methodol ogy and  
j usti f i cati on  as  i s  employed  for  the  below-su rface  thermal  i ndex  and  the  mechanical  i ndex  i s  used ,  fo r  the  sake  of  
measurement  repeatabi l i ty  and  ease.  

F.3. 1 .3  Determination  and  use  of  the  break-point  depth  

Measurements  for Isppa ,  Isppa , α ,  Ispta  and  Ispta, α  i n  scann ing  modes  and  non-scanning  
modes  are  made  at  or  beyond  ( farther-than)  the  break-point  depth  zbp .  

Care  i s  to  be  taken  when  determ in ing  the  zbp  so  that  the  equ ivalent  apertu re  d iameter i s  
correctl y determ ined  us ing  on l y the  –1 2  dB  output  beam  area .  

For scann ing  modes where  ul trason ic scan  l i nes  that  comprise  a  frame do  not  have  the  
same –1 2  dB  aperture  s i ze,  the  aperture  s i ze  correspond ing  to  the  central  scan  l i ne  of  each  
sppsi sum  is  to  be  used  i n  the  determ ination  of  the  break-point  depth .  

For combined-operating  modes where  measurement of  mu l ti ple  modes  and  transmit  
patterns  i s  be i ng  performed  s imu l taneous l y,  the  smal lest  break-point  depth  o f  the  act i ve  
modes  i s  to  be  used .  

For combined-operating  modes i n  wh ich  measurements  of  con tribu ti ng  modes  and  transmit  
patterns  are  being  performed  sequential l y,  the  break-point  depth  o f  each  separated  mode  i s  
to  be  used.  

F.3. 1 .4  Calcu lation  of  ppsiα(z) ,  ppsi(z) ,  sppsiα(z)  and  sppsi(z)  

F.3. 1 .4. 1  ppsiα(z)  

The calcu lat ion  of  ppsiα(z)  i s  accompl ished  by us ing  Equati on  (27)  (see  3 . 63) .  

NOTE  1  For measurement  pu rposes  of  th i s  s tandard ,  pii
α
 i s  equ i val en t  to  1 /(ρc)  t imes  the  attenuated  pu lse-

pressure-squared  i n tegral  at  depth  z,  when  z  i s  beyond  the  break-poin t  depth ,  wi th  ρc  denoti ng  the  
characteri st i c  acousti c  impedance  of  pu re  water.  

NOTE  2  3 . 43  g i ves  the  non -attenuated  vers ion  of  th i s  quanti ty.  

F.3. 1 .4.2  sαppsi(z)  and  sppsiα(z)  and  sppsi(z)  

The fo l lowing  d iscuss ion  i s  for  the  sum  of  attenuated  pu lse-pressure-squared  i n teg rals .  
Appl icati on  to  non-attenuated  sum  i s  the  same,  bu t  can  be  more  s imple  because  the  acoustic  
working  frequency  does  not  need  to  be  known  or  estimated  for each  scan  l i ne.  

The  determ inati on  of  the  sum  of  attenuated  pu lse-pressure-squared  in teg rals  and  the  
attenuated  sum  of  pu lse-pressure-squared  in teg rals  for  ad j acen t  u l trason ic scan  l ines  at  
any depth  z  may be  accompl ished  us ing  one  o f  the  fo l lowing  methods.  General l y,  these  
methods  requ i re  knowledge,  a  pri ori  or  determ ined ,  of  the  number of  u l trasonic scan  l i nes  
per  scan  frame,  the  number of  transm i t  pu lses  per scan  l i ne  and  the  acoustic  working  
frequency or a frame tri gger  that  s ignals  the  s tart/stop of  repeating  frames.  

NOTE  1  See  F. 4. 2  for  add i t i onal  d i scuss ion  of  these  methods.  

NOTE  2  See  I EC  621 27-1 :2007,  Annex F,  fo r  add i t i onal  d i scuss ion  of  these  sppsi(z)  determ inati on  methods.  

Whi le  ei ther method  a)  or  b)  can  be  employed ,  i t  can  be  seen  that  as  the  pu lse  sequencing  
becomes  i ncreas ing l y compl icated ,  i ncreased  knowledge  of  the  pu lses  and  th e  pu lse  
sequencing  i s  requ i red.  
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a)  Scann ing  ul trason ic  scan  l ines  past  a  s tati onary h ydrophone  

Th is  may be  accompl ished  by:  

1 )  us ing  a  l ong  record  d i g i t i zer to  sum  the  ppsi values  i n  one  l ong  record ,  or  

2)  vi a an  e lectron ic  mask or e lectron ic  tri gger wh ich  s i gnals  one  u l trasonic  scan  l i ne  at  

a  t ime  so  that  the  ppsi(z)  for  each  transm i t  pu lse  down  that  l i ne,  n,  can  be  acqu i red  and  
added  to  the  sppsi sum .  

For e i ther method  1 )  or  2)  above,  i f  al l  transm i t  pu lses  i ncl uded  i n  the  sum  are  NOT 
i dentical ,  then  the  fawf  val ue  of  each  pu lse  i s  to  be  obtained  and  the  attenuated  pu lse-

pressure-squared  in teg ral  ppsiα(z)  calcu lated  for  each  transm i t  pu lse.  The  sum  of  

attenuated  pu lse-pressure-squared  i n tegrals  sppsiα(z)  i s  thus  obtained.  

I f  al l  transm i t  pu lses  i ncl uded  in  the  sum  are  i den tical ,  then  the  sppsi(z)  value  may be  
determ ined  separate l y and  one  attenuati on  factor appl i ed  to  obtain  the  attenuated  

sum  of  pu lse-pressure-squared  in teg rals  sαppsi(z)  wh ich  i n  th is  case  i s  equ ivalen t  to  

the  sppsiα(z) .  

b)  Scann ing  a  h ydrophone  past  a  s i ng le  stati onary u l trason ic  scan  l ine  

Th is  method  can  yi e l d  est imates  of  the  attenuated  sum  of  pu lse-pressure-squared  

in teg rals  sαppsi(z)  and  the  sum  of  attenuated  pu lse-pressure-squared  in teg rals  

sppsiα(z)  wh ich  are  reasonabl y accurate  when  al l  u l trasonic scan  l ines use  identical  
transm i t  pu lses  (fawf ,  pu l se  l eng th ,  pu lse  shape,  pu lse  focusing  and  aperture,  etc. ) .  

Th is  method  consists  of  scann ing  a  h ydrophone  past  a  s i ng le  stat i onary ul trason ic scan  
l ine ,  col l ect i ng  pu lse-pressure-squared  in teg rals  at  mu l ti ple  lateral  beam  (profi l e)  
l ocations  wi th  su ff icient  spatial  step s i ze  (sampl i ng )  such  that  the  pulse-pressure-
squared  i n teg rals  correspond ing  to  the  equ ivalent  l ocati ons  of  ad jacent  ul trason ic scan  
l ines  scann ing  past  a  s tati onary h ydrophone  are  calcu lated.  

Th is  method  requ i res  knowledge  of  the  spacing  between  successive  ul trason ic scan  
l ines .  

NOTE  1  A method  for  experimental l y  determ in i ng  the  spaci ng  between  u l trasound  scan  l i nes  i s  provi ded  i n  
I EC  621 27-1 :2007,  7. 2 . 6. 3 .  

NOTE  2  Another reference  i s  I EC  621 27-1 :201 3+IEC 621 27-1 :201 3/AMD1 :201 3,  8 . 2 .  

I f  the  transm i t  pu lses  for al l  ul trasonic scan  l ines  (pu lse  shape,  beamwidth ,  etc. )  are  not  al l  
i dentical ,  then  choosing  a worst  case  pu lse  and  scan  l i ne  may provide  a  reasonable  over-

estimate.  The  u l trason ic  scan  l ine  and  pu lse  yi el d i ng  the  l argest  sαppsi(z)  val ue  shou ld  be  
chosen .  Choosing  an  ul trasonic  scan  l i ne  i n  the  cen tre  of  the  scan  shou ld  be  su ff ici ent.  

NOTE  3  Mu l t i pl e  s
α
ppsi  sums  may be  needed  at  each  depth  z  i n  order to  f i nd  the  l argest  sum .  

F.3. 1 .5  Measurement  depth  for maximum Ispta ,α,  Ispta ,  Isppa ,α   and   Isppa  

For non-scann ing  modes ,  the  depth  for maximum  Ispta ,α,  zspta , α,max  i s  the  depth  on  the  beam  
axis ,  at  or  beyond  the  break-point  depth ,  where  the  maximum  attenuated  pu lse-pressure-

squared  in teg ral  ( )[ ]zppsi
zz

a
bp

max
≥

 occurs .  Th is  i s  the  depth  for maximum  piiα,  zpii ,α.  

NOTE  1  The  depth  for  maximum  I
spta ,α

,  z
spta ,α,max

,  fo r  non-scanning  modes  i s  equal  to  the  depth  for  

maximum  I
sppa ,α

,  z
sppa , α ,max

,  both  occurri ng  at  z
pii , α .  

For non-scann ing  modes ,  the  depth  for maximum  Ispta ,  zspta,max  i s  the  depth  on  the  beam  
axis,  at  or  beyond  the  break-point  depth ,  where  the  maximum  pulse-pressure-squared  

in teg ral  ( )[ ]zppsi
zz bp

max
≥

 occurs .  Th is  i s  the  depth  for maximum  pii,  zpii.  

NOTE  2  The  depth  for  maximum  I
spta

 (z
spta, max

)  fo r  non -scanning  modes  i s  equal  to  the  depth  for  maximum  

I
sppa

,  z
sppa, max

,  both  occu rri ng  at  zpii.  
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For scanning  modes ,  the  depth  for  maximum  Ispta ,α,  zspta ,α ,max,  i s  the  depth ,  on  the  beam  
axis ,  at  or  beyond  the  break-point  depth ,  where  the  maximum  sum  of  attenuated  pu lse-

pressure-squared  in teg rals  ( )[ ]zsppsi
zz

a
bp

max
≥

 occurs .  Th is  i s  the  depth  for maximum  siiα,  

zsii ,α.  

For scanning  modes ,  the  depth  for maximum  Ispta ,  zspta,max,  i s  the  depth ,  on  the  beam  
axis ,  at  or  beyond  the  break-point  depth ,  where  the  maximum  sum  of  pu lse-pressure-

squared  in teg rals  ( )[ ]zsppsi
zz bp

max
≥

 occu rs.  Th is  i s  the  depth  for  maximum  sii,  zsii.  

NOTE  3  See  F. 3 . 1 . 3  regard i ng  the  break-point  depth  to  use  when  the  u l trasonic  scan  l i nes  do  not  have  the  
same –1 2  dB  apertu re  s i ze.  

For non-scanning  modes  and  for  scann ing  modes ,  the  depth  for  maximum Isppa ,α,  
zsppa , α ,max,  i s  the  depth  on  the  beam  axis ,  at  or  beyond  the  break-point  depth ,  where  the  

maximum  attenuated  pu l se-pressure-squared  i n tegral  ( )[ ]zppsi
zz

a
bp

max
≥

 occurs .  Th is  i s  the  depth  

for  maximum  piiα,  zpii ,α.  

NOTE  4  Th i s  i s  the  same  depth  as  for  maximum  I
spta , α

 for  non-scanning  modes .  

For non-scann ing  modes  and  for scann ing  modes,  the  depth  for  maximum  Isppa,  zsppa,max,  i s  
the  depth  on  the  beam  axis,  at  or  beyond  the  break-po in t  depth ,  where  the  maximum  pu lse-

pressure-squared  in tegral  ( )[ ]zppsi
zz bp

max
≥

 occurs.  Th is  i s  the  depth  for  maximum  pii,  zpii.  

NOTE  5  Th i s  i s  the  same  depth  as  for  maximum  I
spta  

for  non-scanning  modes .  

F.3.2  Determination  of  maximum  Isppa  and  Isppa ,α  

F.3.2. 1  Non-scanning  and  scann ing  modes  

For non-scann ing  modes  and  scann ing  modes ,  the  maximum  attenuated  spatial -peak 
pu lse-average in tensi ty shou ld  be  calcu lated  us i ng  

 ( ) ( )maxsppa
maxsppad

sppa

1
,,

,,

, zppsi
czt

I aa
a

a ρ
=  (F. 1 )  

and  the  maximum  spatial -peak pu lse-average in tensi ty  shou ld  be  calcu lated  us i ng :  

 ( ) ( )max,sppa
max,sppad

sppa

1
zppsi

czt
I

ρ
=  (F. 2)  

where  

ρc  i s  the  characteris ti c  acoustic  impedance  of  pure  water 

(=  1 , 48  ×  1 06  
kg  m -2  s - 1  at  20  °C) ;  

td(zsppa ,α,max)  i s  the  pu lse  duration  at  the  depth  for maximum Isppa ,α;  

td(zsppa ,max)  i s  the  pu lse  duration  at  the  depth  for maximum Isppa;  

ppsiα(zsppa ,α ,max)  i s  the  attenuated  pu lse-pressure-squared  in teg ral  at  the  depth  for 
maximum  Isppa ,α;  

ppsi(zsppa ,max)  i s  the  pu lse-pressure-squared  in teg ral  at the  depth  for maximum Isppa .  

NOTE  1  I n  con trast  to  Equati ons  (28)  and  (29) ,  Equati ons  (F. 1 )  and  (F. 2)  describe  one  depth  each .  
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NOTE  2  As  shown  i n  Equati ons  (F. 1 )  and  (F. 2)  and  per def i n i t i on  3 . 65  and  3 . 81 ,  the  pu l se  du rati on  value,  t
d
,  i s  

determ ined  at  z
sppa , α ,max  

and  z
sppa ,max

,  respecti vel y.  

F.3.2.2  Combined-operating  modes  

For combined-operating  modes ,  the  maximum  attenuated  spatial -peak pu lse-average 

in tensi ty Isppa ,α  val ue  shou ld  be  the  largest  of  the  Isppa ,α  values  of  the  consti tuen t  transmit  

patterns  

 ( ) ( )[ ]kpiizkIzI ,,,,,, ,patterntransmitsppa
patternstransmital l

maxsppasppa max aaaa =  (F. 3 )  

and  the  maximum  spatial -peak pu lse-average in tensi ty Isppa  value  shou ld  be  the  l argest  of  
the  Isppa  values  of  the  consti tuent  transmit  patterns  

 ( ) ( )[ ]kpiizkIzI ,, ,patterntransmitsppa
patternstransmital l

maxsppasppa max=  (F. 4)  

F.3.3  Determination  of  maximum  Ispta,α  and  Ispta  

F.3.3. 1  Non-scanning  modes  

For non-scann ing  modes ,  the  maximum  attenuated  spatial -peak temporal -average  
in tensi ty  shou ld  be  calcu lated  us ing :  

 ( )[ ] ( )aaaa ρρ ,
bp

max,spta pii
zz

zppsi
c

prr
zppsi

c

prr
I =










=

≥
 (F. 5)  

and  the  maximum  spatial -peak temporal -average in tensi ty  shou ld  be  calcu lated  us i ng :  

 ( )[ ] ( )pii
zz

zppsi
c

prr
zppsi

c

prr
I

ρρ
=










=

≥ bp

maxspta  (F. 6)  

where  

ppsiα  i s  the  attenuated  pu lse-pressure-squared  i n teg ral ;  

ppsi  i s  the  pu lse-pressure-squared  in teg ral ;  

zbp  i s  the  break-point  depth ;  

zpii  i s  the  depth  for maximum pii  (=  zspta ,α,max)  on  the  beam  axis ;  

zpii ,α  i s  the  depth  for maximum  piiα  (=  zspta ,α,max)  on  the  beam  axis ;  

ρc  i s  the  characteristic  acoustic  impedance  of  pure  water ( 1 , 48  ×  1 06  kg  m -2  s - 1  at  20  °C) ;  

prr  i s  the  pu lse  repeti t ion  rate  o f  the  non-scanning  mode .  

NOTE  1  I n  con trast  to  Equati on  (5)  i n  3 . 1 0  and  to  the  descripti on  i n  3 . 54,  Equati ons  (F. 5)  and  (F. 6)  describe  one  
depth  each .  

NOTE  2  Equati on  (F. 6)  i s  mod i f i ed  f rom  I EC  621 27-1 :2007,  as  the  break-point  depth  i s  appl i ed  to  i t .  

NOTE  3  For these  cal cu l ati ons,  an  average  pu l se  repeti ti on  period  i s  u sed  (see  3 . 3 ,  3 . 44  and  3 . 55) .  

F.3.3.2  Scanning  modes  

For scann ing  modes ,  the  maximum  attenuated  spatial -peak temporal -average i n tensi ty  
shou ld  be  calcu lated  usi ng :  
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 ( )[ ] ( )aaaa ρρ ,siizz
zsppsi

c

srr
zsppsi

c

srr
I

,
=








=

≥ bp

maxspta
 (F. 7)  

and  the  maximum  spatial -peak temporal -average in tensi ty shou ld  be  calcu lated  us i ng :  

 ( )[ ] ( )siizz
zsppsi

c

srr
zsppsi

c

srr
I

ρρ
=








=

≥ bp

maxspta
 (F. 8)  

where  

( )[ ]zsppsi
zz a
bp

max
≥

 i s  the  maximum  sum  of  attenuated  pulse-pressure-squared  in teg rals  

i n  one  frame of  ul trasonic scan  l ines  at  depth  z;  

( )[ ]zsppsi
zz bp

max
≥

 i s  the  maximum  sum  of  pu lse-pressure-squared  in teg rals  i n  one  frame 

of  ul trason ic  scan  l i nes  at  depth  z;  

zbp  i s  the  break-point  depth ;  

zsii,α  i s  the  depth  for maximum  s iiα;  

zsii  i s  the  depth  for maximum sii;  

srr  i s  the  scan  repeti t ion  rate ;  

ρc  i s  the  characteristic  acoustic  impedance  of  pure  water  

(1 , 48  ×  1 06  kg  m -2  s -1  at  20  °C) .  

NOTE  For these  cal cu l at i ons,  an  average  scan  repeti ti on  period  i s  used  (see  3 . 3 ,  3 . 44  and  3 . 55) .  

I t  i s  recommended  to  review the  more  detai l ed  deri vati on  notes  i n  C lause  F.4,  as  wel l  as  the  
gu i dance  i n  I EC  621 27-1 :2007+IEC  621 27-1 :2007/AMD1 :201 3,  7 . 2,  8 . 2  and  Annex  F,  as  wel l  
as  c lause  5 . 5  of  [44] .  

F.3.3.3  Combined-operating  modes  

For combined-operating  modes ,  the  maximum  attenuated  spatial -peak ,  temporal -average 
in tensi ty Ispta , α  shou ld  be  calcu lated  us ing :  

 ( ) ( ) ( ) ( )
































+
















= ∑∑≥

ji __

,
jz,jppsiisrrz,isppsi

c
I prr

zz

mode
scanning-non

mode
scanningbp_min

max
1

spta aaa ρ  (F. 9)  

and  the  maximum  spatial -peak,  temporal -average in tensi ty  Ispta  shou ld  be  calcu lated  us ing :  

 ( ) ( ) ( ) ( )
































+
















= ∑∑≥

ji __

jz,jppsiisrrz,isppsi
c

I prr
zz

mode
scanning-non

mode
scanningbp_min

max
1

spta ρ  (F. 1 0)  

where  

zbp_m in  i s  the  smal lest  break-point  depth  of  the  act i ve  componen t  modes.  

A reasonabl y conservati ve  est imate  of  t ime-average  quan ti t i es  for combined-operating  
modes  may be  made by determ in ing  each  mode separate l y and  then  combin i ng  the  t ime-
average  est imates  of  the  consti tuen t  act i ve  modes.  
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( )( )∑=

k_

,,,
kz,kII ,

mode
discrete

maxsptasptaspta aaa  (F. 1 1 )  

where  each  Ispta,  α  (k,  zspta ,α ,max(k) )  i s  determ ined  accord ing  to  F. 3. 3 . 1  and  F.3 . 3. 2.  

That  i s  

 ( )[ ] ( ) ( )[ ] ( )
































+
















= ∑∑ ≥≥

j

j

i

i

__

,
jz,jppsiisrrz,isppsi

c
I prr

zzzz

mode
scanning-non bp,

mode
scanning bp,

maxmax
1

spta aaa ρ  (F. 1 2)  

For  (non-attenuated)  spatial -peak temporal -average in tensi ty  Ispta  the  equati ons  are:  

 
( )( )∑=

k_

,,
kz,kII

mode
discrete

maxsptasptaspta  (F. 1 3)  

and  

 ( )[ ] ( ) ( )[ ] ( )
































+
















= ∑∑ ≥≥

j

j

i

i

__

jz,jppsiisrrz,isppsi
c

I prr
zzzz

mode
scanning-non bp,

mode
scanning bp,

maxmax
1

spta ρ  (F. 1 4)  

NOTE  The  appl i cat i on  of  Equati ons  (F. 9)  th rough  (F. 1 4)  requ i res  use  of  the  appropri ate  break-poin t  depths  for 
each  of  the  d i screte  modes.  

F.4 Addi tional  rationale and  derivation  notes  

F.4. 1  Summary steps for  measuring  each  active mode  

The  fo l l owing  steps  are  provided  as  a summary gu ide  for measuring  each  acti ve  mode,  
separate l y.  

•  Determ ine  and  remain  on  the  beam  axis  (see  F. 3. 1 . 2) .  

•  F i nd  the  depth  for maximum pii,  zpii,  beyond  (or at)  the  break-point  depth  zbp  (see  
F. 3 . 1 . 3) .  

•  Determ ine  the  acoustic  working  frequency  fawf  (see  3. 4)  at  th is  depth  zpii  and  the  pulse 
duration  td  (see  3 . 41 ) .  

•  For  scann ing  modes  and  non-scann ing  modes ,  use  the  ppsi  and  the  td  at zpii  for 
calcu lati on  of  maximum  Isppa.  

•  For non-scann ing  modes ,  use  the  value  of  ppsi  at zpii  for  the  calcu lat ion  of  the  maximum  
Ispta.  

•  Use  fawf  and  the  acoustic  attenuati on  coeff ic ien t  value,  α ,  to  l ocate  the  depth  for maximum  

piiα(z)  beyond  or  at  the  break-po in t  depth  zbp .  

•  Determ ine  the  pu lse duration  td  (see  3 . 41 )  at  th is  depth  zpii ,α .  

•  For non-scann ing  modes,  u se  the  value  of  ppsiα at  zpii ,α  for  the  calcu lat i on  of  maximum  

Ispta , α .  

•  For  scanning  modes  and  non-scanning  modes ,  u se  ppsiα  at  zpii ,α  and  td   at zpii ,α  for 
calcu lat i on  of  maximum  Isppa , α.  
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•  For scann ing  modes,  adhering  to  the  break-point  depth  zbp  and  referri ng  to  F. 3. 3. 2  and  
F.4. 2  and  F. 4. 3 ,  f i nd  the:  

– depth  for  maximum sii,  zsii,  and  the  value  there  o f  maximum  Ispta;  

– depth  for  maximum siiα,  zsii ,α,  and  the  value  there  of  maximum  Ispta, α .  

F.4.2  Notes  regard ing  determination  of  sαppsi(z)  and  sppsiα(z)  

F.4. 2  g i ves  add i t i onal  notes  to  accompany F. 3. 1 . 4. 2.  

The  general  principles  for  measuring  temporal  average  acoustic  ou tpu t  parameters  for 
scanning  modes  can  be  summarized  as  fo l l ows.  

Temporal  average  parameters  are  determ ined  by the  cumu lati ve  effects  of  the  overlap  of  
beams  generated  duri ng  the  scan  repeti t ion  period .  Temporal  average in tensi ty  for  a  
scanning  mode ,  when  measured  at  a  po i n t,  i s  determ ined  by the  sum  of  the  energy f luencies  
at  the  po in t  resu l ti ng  from  the  various  beams  transm i tted  duri ng  each  scan  and  the  scan  
repeti t ion  rate .  

The  determ inati on  of  the  sum  of  pu lse-pressure-squared  i n tegrals  and  the  sum  of  attenuated  
pu lse-pressure-squared  i n tegrals  are  the  key to  determ ination  of  the  temporal -average  
i n tens i ty i n  scann ing  modes.  

The  general  form  of  the  sum  of  attenuated  pu lse-pressure-squared  in teg rals  sppsiα(z)  i s  

expressed  as  fo l l ows:  
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 (F. 1 5)  

where  

m  i s  the  cen tral  u l trason ic  scan  l ine  o f  the  scan  or series  of  
scan  l i nes  i n  a  frame.  By conventi on ,  the  cen tral  l i ne  m  can  
be  cons idered  the  median  l i ne,  and  for sector scan  formats  
the  l i ne  wi th  beam  axis  most  cl osel y paral le l  to  the  z  ax is  
(depth  axis)  of  the  h ydrophone  scann ing  system ;  

m  +  j (  j  =  …  -2 ,  - 1 ,  0 ,  1 ,  2 ,  … )  i s  the  u l trason ic scan  l ines adjacen t  to  the  cen tral  
ul trason ic scan  l ine ;  

nm  +  j   i s  the  number of  pu lses  transm i tted  down  l i ne  m  +  j;  

( )zppsi njm ,, +a  i s  the  attenuated  pulse-pressure-squared  i n teg ral  of  pu lse  

number n  down  l i ne  m  +  j,  as  measured/detected  by a  
h ydrophone  at  depth  z  a l i gned  wi th  l i ne  m.  

NOTE 1  This is  an  important distinction:  ( )zppsi njm ,, +a  does not represent the ppsiα  measured on the beam axis  of l ine 

‘m+ j ’ ,  i t  i s  the  ppsi
α  
(z)  of  the  nth  pu l se  down  l i ne  m+ j  as  measured  on  the  beam  axi s  o f  the  cen tral  u l trason ic  

scan  l i ne  m.  
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For the  case  where  the  pu lses  transm i tted  down  a particu lar u l trasonic  scan  l ine  are  
i dentical ,  Equation  (F. 1 5)  may be  s impl i f ied  to:  

( ) ( ) ( ) ( ) ( ) ( ) . . .. . . 2,21,1,1,12,2 ++++++= ++++−−−− zppsinzppsinzppsinzppsinzppsinzsppsi mmmmmmmmmm aaaaaa  (F. 1 6)  

where  

nm  +  j    i s  the  number of  pu lses  per scan  l i ne  for u l trasonic  scan  l ine  m  +  j  (j  =  …  –2,  –1 ,  0 ,  
1 ,  2 ,  … ) .  

I f  the  pu lses  down  al l  u l trasonic scan  l ines  i ncl uded  i n  the  sum  are  i den ti cal ,  then ,  because  
they share  the  same acoustic  working  frequency,  they wi l l  share  the  same estimated  
attenuation  at  depth  z.  I n  th is  case,  Equati on  (F. 1 6)  i s  equ ivalent  to:  

( ) ( )
( ) ( ) ( ) ( ) ( )( ). . .. . .1 0 22111122

dB1 0/awf ++++++=

=

++++−−−−
− zppsinzppsinzppsinzppsinzppsin

zppsiszsppsi

mmmmmmmmmm
zfa

aa

(F. 1 7)  

I n  add i t i on ,  when  the  number of  pu lses  down  each  l i ne  i ncluded  i n  the  sum  i s  the  same 
(nm  +  j  =  n) ,  then  Equation  (F. 1 6)  s impl i f i es  fu rther:  

( ) ( ) ( ) ( ) ( ) ( )( ). . .. . . 2,1,,1,2, ++++++×= ++−− zppsizppsizppsizppsizppsizsppsi mmmmmn aaaaaa  (F. 1 8)  

and  (again )  i f  al l  the  pu lses  down  al l  l i nes  i n  the  sum  are  identical :  

( ) ( )
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 (F. 1 9)  

NOTE  2  As  i l l ustrated  by compari ng  Equati ons  (F. 1 5)  to  (F . 1 9) ,  the  sum  of  attenuated  pu lse-pressure-squared  
i n tegrals  wi l l  be  equal  to  the  attenuated  sum  of  pu lse-pressure-squared  i n tegrals  at  depth  z  i f  each  u l trasonic  
scan  l i ne  i n  the  frame  wh ich  i s  i ncl uded  i n  the  sum  has  the  same acoustic  working  frequency.  Therefore,  when  i t  
i s  poss ible  to  part i t i on  scanned  modes  i n to  g roups  of  u l trason ic  scan  l i nes  wi th  the  same  f

awf
 val ues,  then  

approximati ng  sppsi
α  
wi th  sαppsi may be  a  conven ien t  al ternati ve.  

NOTE  3  Defi n i t i ons  i n  I EC  61 1 57:2007+IEC 61 1 57:2007/AMD1 :201 3,  and  I EC  60601 -2-37:2007+IEC 60601 -2-
37/AMD1 :201 5  for " number of  pu l ses  per u l t rason i c  scan  l i ne"  con tai n  add i t i onal  d i scuss ion  and  examples .  

F.4.3  Further in formation  regard ing  scann ing  modes  

The  d iscuss ion  g i ven  in  I EC  621 27-1 :2007 associated  wi th  i ts  Equati ons  (1 7)  and  ( 1 8)  i n  
7. 2. 6 .3  describes  ad j acent  scan  l i nes  i n  a  s i ng le  scan  p lane.  However,  the  u l trason ic  scan  
l ines  ad jacen t  to  the  cen tral  ul trason ic  scan  l ine  cou ld  l i e  i n  mu l t i ple  p lanes,  as  may be  the  
case  for 3D  scann ing  modes .  The  equations  wou ld  s t i l l  appl y,  as  wou ld  the  methods  and  
equati ons  in  F. 3 . 1 . 4. 2 ,  F. 3 . 3 . 2  and  F.4. 2.  Knowledge  of  the  location  of  the  u l trason ic scan  
l ines  i s  st i l l  needed  i f  appl yi ng  method  b)  i n  F. 3 . 1 . 4. 2 .  A search  i n  the  azimuth  (x)  or  e l evation  

(y)  d i rection  at  depth  z  may be  needed  to  f i nd  the  maximum  sppsiα  val ue  on  a  p lane  at  depth  z.  

I n  scann ing  modes ,  a  series  of  i n terrogating  beams may be  steered  through  a  success ion  of  
azimuthal  ( i . e.  i n -plane  l ateral )  d i recti ons  wi th i n  a  s i ng le  or  success ion  of  (e levati on  d i rection)  
target  p lanes.  

I n  the  s implest  scann ing  mode ,  al l  transm i tted  beams may exh ibi t  the  same focal  
characteris tics  along  thei r  respective  beam  axes ;  the  beams  may d i ffer on l y i n  the  ori entation  
of  the  beam  axes .  Thus,  the  temporal  peak and  pu lse  average  parameters  of  al l  beams 
(considered  separatel y) ,  as  wel l  as  the  scanning  mode  i tse l f ,  are  i dentical .  The  temporal  
average  parameters  for  the  mode  are  determ ined  by the  pu lse-pressure-squared  i n tegrals  
o f  an  i nd ivi dual  beam ,  the  degree  of  spatial  overlap of  the  beams  in  the  formation  of  the  
overal l  scan ,  and  the  scan  repeti t ion  rate .  
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For 2D  scann ing  modes ,  there  i s  on l y one  e levati on  target  plane,  and  the  rate  at  wh ich  the  
azimuthal  scann ing  pattern  i s  repeated  i s  the  scan  repeti t ion  rate (srr) .  Mu l t ipl yi ng  the  

( )[ ]zsppsi
zz bp

max
≥

 and  ( )[ ]zsppsi
zz

a
bp

max
≥

 by th is  rate  yi e l ds  the  maximum  non-attenuated  and  

attenuated  temporal  average  i n tensi ty values.  

I n  some 3D  and  4D  modes,  the  p lane  of  exam inati on  i s  au tomatical l y swept th rough  the  target  
space  i n  the  e levati on  d i recti on .  Thus,  wh i l e  the  scann ing  pattern  may appear to  be  repeti t i ve  
i n  the  range-azimu th  plane,  the  scann ing  pattern  i s  not  repeti t i ve  at  any po in t  i n  the  target  
vo lume due  to  moti on  of  the  scan  plane.  As  cons idered  i n  th is  standard ,  two  approaches  may 
be  taken .  

Th is  e l evation  moti on  i s  d isregarded,  and  the  sum  of  pu lse-pressure-squared  in teg rals  i s  
determ ined  over the  period  of  repeti t i on  i n  the  range-azimuth  plane,  and  then  the  scan  
repeti t ion  rate  i s  determ ined  from  th is  peri od .  Th is  l eads  to  a  conservati ve  over-estimate  of  
the  temporal  average in tensi ty .  

The  e levation  moti on  i s  not  d i sregarded ,  the  sum  of  pu lse-pressure-squared  in teg rals  i s  
determ ined  over  al l  ul trason ic  scan  l ines  making  one  vo lume,  wi th  the  scan  repeti t ion  rate 
being  the  vo lume repeti ti on  rate.  

I n  more  complex scanning  modes ,  the  transm i tted  beams  may exh ibi t  two  or  more  sets  of  
focal  characterist ics.  I n  some systems,  certain  scann ing  modes  may employ two  or more  
d isti nct  focal  patterns,  each  focused  at  a  d i fferen t  depth ,  to  create  a s i ng le,  overal l  scan .  
I n  s t i l l  other systems,  such  as  phased  array sector devices,  beam  focal  characteris tics  may 
vary wi th  steeri ng  ang le  as  wel l .  I n  these  more  complex modes,  the  temporal -peak and  pu lse-
average  parameters  for a  g i ven  mode  are  determ ined  by the  maximum  values  that  occur for  
any beam  wi th i n  the  scan .  The  temporal  average  parameters  for  the  mode  are  determ ined  by  
the  pu lse-pressure-squared  in teg rals  and  the  sum  of  pu lse-pressure-squared  in teg rals  
and  the  sum  of  attenuated  pu lse-pressure-squared  in teg rals  o f  the  d i fferent  beam  types,  
the  degree  and  pattern  of  spatial  overlap  of  the  d i fferent  beam  types  i n  the  formation  of  the  
overal l  scan ,  and  the  scan  repeti tion  rate .  
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INTERNATIONAL ELECTROTECHNICAL COMMISSION  
 

____________ 
 

ULTRASONICS –  
FIELD CHARACTERIZATION –  

TEST METHODS FOR THE DETERMINATION OF THERMAL  
AND MECHANICAL INDICES RELATED TO  

MEDICAL DIAGNOSTIC ULTRASONIC FIELDS 
 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss ion  ( I EC)  i s  a  worl dwide  organ i zat i on  for  s tandard i zat i on  compri s i ng  
al l  nati onal  e l ectrotechn i cal  comm i ttees  ( I EC  Nati onal  Comm i ttees) .  The  object  of  I EC  i s  to  promote  
i n ternati onal  co-operat i on  on  al l  questi ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other  acti vi t i es ,  I EC  publ i shes  I n ternati onal  S tandards,  Techn ical  Speci f i cati ons,  
Techn i cal  Reports ,  Publ i cl y  Avai l abl e  Speci f i cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC  
Publ i cat i on(s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  may part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmental  and  non -
governmental  organ i zat i ons  l i a i s i ng  wi th  the  I EC al so  part i c i pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y  
wi th  the  I n ternati onal  Organ i zati on  for  Standard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by  
ag reement  between  the  two  organ i zat i ons .  

2)  The  formal  deci s i ons  or  ag reements  of  I EC  on  techn i cal  matters  express,  as  nearl y  as  poss i ble,  an  i n ternati onal  
consensus  of  opi n i on  on  the  re l evan t  subjects  s i nce  each  techn i cal  comm i ttee  has  represen tati on  from  al l  
i n terested  I EC  Nati onal  Comm i ttees.   

3 )  I EC Publ i cat i ons  have  the  form  of  recommendati ons  for  i n ternati onal  u se  and  are  accepted  by  I EC  Nati onal  
Comm i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  made  to  ensu re  that  the  techn i cal  con tent  of  I EC  
Publ i cat i ons  i s  accu rate,  I EC  cannot  be  he ld  responsibl e  for  the  way i n  wh i ch  they are  used  or fo r  any  
m i s i n terpretati on  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC Nati onal  Comm i ttees  undertake  to  apply I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t  poss ibl e  i n  thei r  nat i onal  and  reg i onal  publ i cati ons .  Any d i vergence  
between  any I EC  Publ i cat i on  and  the  correspond i ng  nat i onal  or reg i onal  publ i cat i on  shal l  be  c l earl y  i n d i cated  i n  
the  l atter.  

5)  I EC i tsel f  does  not  provide  any attestati on  of  con form i ty.  I ndependent  cert i f i cati on  bod ies  provi de  con form i ty  
assessment  servi ces  and ,  i n  some  areas,  access  to  I EC  marks  of  con form i ty.  I EC i s  not  respons i ble  for  any  
servi ces  carri ed  ou t  by i ndependent  cert i f i cati on  bod i es.  

6)  Al l  users  shou ld  ensure  that  they have  the  l atest  ed i t i on  of  th i s  publ i cat i on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  employees,  servants  o r  agen ts  i ncl ud i ng  i n d i vi dual  experts  and  
members  of  i ts  techn i cal  comm i ttees  and  I EC  Nati onal  Comm i ttees  for any personal  i n j u ry,  property  damage  or  
o ther damage  of  any natu re  whatsoever,  whether d i rect  or  i nd i rect,  or  for  costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  o f  the  publ i cat i on ,  u se  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cati on  or  any other I EC  
Publ i cati ons.   

8)  Atten ti on  i s  d rawn  to  the  Normati ve  references  c i ted  i n  th i s  publ i cati on .  Use  of  the  referenced  publ i cati ons  i s  
i nd i spensable  for  the  correct  appl i cat i on  of  th i s  publ i cat i on .  

9)  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  some  of  the  e l ements  of  th i s  I EC  Publ i cati on  may be  the  subject  of  
paten t  ri g h ts .  I EC  shal l  not  be  held  responsibl e  for  i den ti fyi ng  any or  a l l  such  paten t  ri gh ts .  

DISCLAIMER 
Th is  Consol idated  version  i s  not  an  official  IEC Standard  and  has  been  prepared  for  
user conven ience.  On ly the current  versions of  the standard  and  i ts  amendment(s)  
are  to  be  considered  the official  documents.  

Th is  Consol idated  version  of  IEC 62359 bears the ed i t ion  number 2. 1 .  I t  consists  of  the  
second  ed i tion  (201 0-1 0)  [documents  87/445/FDIS  and  87/453/RVD]  and  i ts   
corrigendum  1  (201 1 -03) ,  and  i ts  amendment  1  (201 7-09)  [documents 87/661 /FDIS and  
87/665/RVD] .  The techn ical  content  is  identical  to  the base ed i tion  and  i ts  amendment.  

Th is  Final  version  does not  show where  the techn ical  content  i s  mod i fi ed  by 
amendment  1 .  A separate  Red l ine version  wi th  al l  changes h igh l ighted  is  avai lable in  
th is  publ ication .  
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I n ternati onal  s tandard  I EC  62359  has  been  prepared  by I EC  techn ical  comm i ttee  87:  
U l trason ics.  

Th is  second  ed i t i on  I t  consti tu tes  a techn ical  revis i on .  

Major  changes  wi th  respect  to  the  previous  ed i ti on  i nclude  the  fo l l owing :  

•  The  methods  of  determ ination  set  ou t  i n  the  f i rst  ed i t i on  of  th is  s tandard  were  based  on  
those  con tained  i n  the  American  standard  for Real–Time  D isplay of  Thermal  and  
Mechan ical  Acoustic  Outpu t  I nd ices  on  D iagnostic  U l trasound  Equ ipment  (ODS)  and  were  
i n tended  to  yi e l d  i dentical  resu l ts .  Wh i l e  th is  second  ed i t i on  also  fo l l ows  the  ODS  in  
principal  and  uses  the  same bas ic  formu lae  and  assumptions  (see  Annex  A) ,  i t  con tains  a 
few s i gn i f icant  mod i fi cati ons  wh ich  deviate  from  the  ODS.  

•  One of  the  primary i ssues  deal t  wi th  i n  preparing  th is  second  ed i t ion  of  I EC 62359  was   
“m issing”   TI equati ons .  I n  Ed i t ion  1  there  were  not  enough  equati ons  to  make  complete  
“at-surface”  and  “below-surface”  summations  for TIS  and  TIB  i n  combined-operating  
modes .  Thus  major changes  wi th  respect  to  the  previous  ed i ti on  are  re lated  to  the  
i n troducti on  of  new calcu lat ions  of  thermal  i nd ices  to  take  i n to  accoun t  both  "at-surface"  
and  "below-surface"  thermal  effects.  

For the  speci f ic  techn ical  changes  i nvolved  please  see  Annex  E.  

Th is  publ icati on  has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves,  Part  2.  

Th is  s tandard  may be  used  to  support  the  requ i rements  of  I EC 60601 -2-37.   

I n  th is  particu lar  standard ,  the  fo l l owing  pri n t  types  are  used :  

– requ i rements ,  compl iance  wi th  wh ich  can  be  tested,  and  defi n i t ions:  i n  roman  type  

– notes,  expl anati ons,  advi ce,  i n troduct i ons,  general  s tatements ,  excepti ons ,  and  references:  i n  smal l er type  

– test specifications: in italic type  

– words  i n  bold  are  def ined  terms  in  C lause  3  

The  comm ittee  has  decided  that  the  con tents  of  the  base  publ icati on  and  i ts  amendment wi l l  
remain  unchanged  unt i l  the  stabi l i ty date  i nd icated  on  the  I EC  web s i te  u nder  
"h ttp: //webstore. i ec. ch "  i n  the  data re lated  to  the  speci f ic  publ icati on .  At  th is  date,  the  
publ ication  wi l l  be   

•  reconfi rmed,  

•  wi thdrawn ,  

•  replaced  by a revised  ed i ti on ,  or  

•  amended.  

A b i l i ngual  vers ion  of  th is  publ ication  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The 'colour inside'  l ogo  on  the  cover  page of  th is  publ ication  ind icates 
that  i t  contains colours which  are considered  to  be  usefu l  for the correct  
understand ing  of  i ts  contents.  Users shou ld  therefore prin t  th is  document  using  a  
colour prin ter.  
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INTRODUCTION  

Med ical  d iagnostic  u l trason ic  equ ipment  i s  widel y used  i n  cl i n ical  practi ce  for imag ing  and  
mon i tori ng  purposes.  Equ ipmen t normal l y operates  at  frequencies  i n  the  low megahertz  
frequency range  and  comprises  an  u l trason ic  transducer acoustical l y coupled  to  the  pati en t  
and  associated  e lectron ics.  There  i s  an  extremely wide  range  of  d i fferen t  types  of  systems  i n  
cu rren t  c l i n ical  practice.   

The  u l trasound  entering  the  patient  i n teracts  wi th  the  pati en t's  t i ssue,  and  th is  i n teracti on  can  
be  considered  i n  terms  of  both  thermal  and  non- thermal  effects .  The  purpose  of  th is  
I n ternati onal  s tandard  i s  to  speci fy methods  of  determ in i ng  thermal  and  non- thermal  exposure  
i nd ices  that  can  be  used  to  he lp  i n  assessing  the  hazard  caused  by exposure  to  a part icu lar  
u l trason ic  f i e ld  used  for  med ical  d i agnos is  or  mon i toring .  I t  i s  recogn ised  that  these  i nd ices  
have  l im i tations ,  and  knowledge  of  the  i nd ices  at  the  time  of  an  exam ination  i s  not  su ffi ci en t  i n  
i tse l f  to  make an  in formed  cl i n ical  r i sk assessment.  I t  i s  i n tended  that  these  l im i tati ons  wi l l  be  
addressed  in  fu tu re  revis ions  of  th is  standard  and  as  scienti f ic  understand ing  i ncreases .  Wh i le  
such  i ncreases  remain  pend ing ,  several  organ izations  have  publ i shed  prudent-use 
statements.   

Under certai n  cond i ti ons  speci f ied  i n  I EC  60601 -2-37,  these  i nd ices  are  d i splayed  on  med ical  
u l trason ic  equ ipment  i n tended  for  these  purposes.  

 

INTRODUCTION  to  Amendment 

The  second  ed i t ion  of  I EC  62359  was  publ ished  in  201 0 .  S ince  then ,  
IEC  60601 -2-37:2007/AMD1 :201 5  has  been  publ i shed  and  cal l s  for  provi s i on  of  attenuated  
spatial  peak temporal  average in tensi ty ,  Ispta,a,  and  attenuated  spatial  peak pu lse  
average in tensi ty,  Isppa,a,  at  speci f ic  spatial  maximum  poin ts  i n  the  u l trason ic  f i e ld  on  the  
beam  axis .  No  IEC  standard  describes  the  determ ination  of  these  quanti t i es  at  these  speci f ic  
pos i t ions.  I EC  62359  for determ in ing  the  thermal  i nd ices  cu rrentl y uses  s im i lar  values  at  other 
pos i t ions,  therefore,  the  determ inati on  of  attenuated  spatial  peak temporal  average  
in tensi ty,  Ispta,a,  and  attenuated  spatial  peak pu lse average in tensi ty ,  Isppa,a,  has  been  
added  as  an  annex i n  th i s  amendmen t.  

Add i ti onal l y,  references  to  newl y publ ished  co l lateral  s tandards  have  been  updated .  
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ULTRASONICS –  
FIELD CHARACTERIZATION –  

TEST METHODS FOR THE DETERMINATION OF THERMAL  
AND MECHANICAL INDICES RELATED TO  

MEDICAL DIAGNOSTIC ULTRASONIC FIELDS 
 
 
 

1  Scope 

This  I n ternational  s tandard  i s  appl icable  to  medical  d iagnostic  u l trasound  f i el ds .  

Th is  s tandard  establ ishes  

– parameters  re lated  to  thermal  and  non-thermal  exposure  aspects  of  d iagnostic  u l trason ic  
f i e l ds;  

– methods  for  the  determ ination  of  an  exposure  parameter re lat ing  to  temperature  r ise  i n  
theoretical  t i ssue-equ ivalen t  models,  resu l t i ng  from  absorption  of  u l trasound;  

– methods  for the  determ ination  of  an  exposure  parameter appropriate  to  certai n  non-
thermal  effects.  

NOTE  1  I n  Clause  3  of  th i s  standard ,  S I  un i ts  are  used  (per I SO/IEC  Di recti ves ,  Part  2 ,  ed .  5 ,  Annex I  b)  i n  the  
Notes  bel ow defi n i t i ons  of  certai n  parameters,  such  as  beam  areas  and  i n tens i t i es;  i t  may be  conven ien t  to  use  
decimal  mu l t i pl es  or submu l t i p l es  i n  practi ce.  Users  must  take  care  of  decimal  prefi xes  used  i n  combinati on  wi th  
the  u n i ts  when  us i ng  and  cal cu lati ng  numeri cal  data.  For example,  beam  area may be  speci f i ed  i n  cm 2  and  
i n tens i t i es  i n  W/cm 2  or  mW/cm2 .  

NOTE  2  Underl yi ng  cal cu lati ons  have  been  done  from  0, 25  MHz  to  1 5  MHz  for  M I  and  0 , 5  MHz  to  1 5  MHz  for  TI.  

NOTE  3  The  thermal  i nd i ces  are  s teady s tate  est imates  based  on  the  acoust i c  outpu t  power  requ i red  to  produce  

a  1 °C  temperatu re  ri se  i n  t i ssue  con form ing  to  the  “homogeneous  t i ssue  0 , 3  dBcm
- 1
MHz

- 1
 at tenuati on  mode l ”  [ 1  ]  1 )  

and  may not  be  appropri ate  for  rad i at i on  force  imag ing ,  or  s im i l ar  techn iques  that  employ pu l ses  or  pu l se  bu rsts  of  
su ff i c i en t  du rat i on  to  create  a  s i gn i f i cant  trans ien t  temperatu re  ri se.  [ 2]  

2 Normative references  

The  fo l l owing  referenced  documents  are  i nd ispensable  for the  appl ication  of  th is  document.  
For dated  references,  on l y the  ed i ti on  ci ted  appl i es.  For undated  references,  the  l atest  ed i t ion  
of  the  referenced  documen t ( i nclud ing  any amendments)  appl ies.  

IEC  60601 -2-37:2007,  Medical electrical equipment – Part 2-37: Particular requirements for 
the basic safety and essential performance of ultrasonic medical diagnostic and monitoring 
equipment 
IEC 60601 -2-37:2007/AMD1 :201 5  

IEC 61 1 57:2007,  Standard means for the reporting of the acoustic output of medical 
diagnostic ultrasonic equipment  
IEC  61 1 57:2007/AMD1 :201 3  

IEC  61 1 61 :201 3,  Ultrasonics – Power measurement – Radiation force balances and 
performance requirements  

I EC  61 828:2001 ,  Ultrasonics – Focusing transducers – Definitions and measurement methods 
for the transmitted fields 

___________ 

1 )  F i gu res  i n  square  brackets  refer to  B ibl i og raphy.  
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IEC 621 27-1 :2007,  Ultrasonics – Hydrophones – Part 1: Measurement and characterization of 
medical ultrasonic fields up to 40 MHz   
IEC 621 27-1 :2007/AMD1 :201 3  

IEC 621 27-2:2007,  Ultrasonics – Hydrophones – Part 2: Calibration for ultrasonic fields up to 
40 MHz 

I EC  621 27-3:2007,  Ultrasonics – Hydrophones – Part 3: Properties of hydrophones for 
ultrasonic fields up to 40 MHz 

3 Terms and  defin i tions   

For the  purposes  of  th is  document,  the  terms  and  defi n i t ions  g i ven  i n  IEC  60601 -2-37,  I EC  
621 27-1 ,  I EC  621 27-2,  I EC  621 27-3,  I EC  61 1 57 and  I EC  61 1 61  appl y.  Several  of  these  are  
repeated  below for conven ience  and  others  are  l i s ted  because  they have  been  mod i fi ed  for 
appl ication  to  th is  standard .   

NOTE  Un i ts  be low defi n i t i ons  are  g i ven  i s  S I  un i ts  as  per I SO/IEC  Di recti ves ,  Part  2 ,  ed .  5 ,  Annex I  b ) .  Users  
must  be  al ert  to  poss ibl e  need  to  convert  un i ts  when  us i ng  th i s  s tandard  i n  s i tuati ons  where  data are  received  i n  
un i ts  that  are  d i fferen t  from  those  used  i n  the  S I  system .  

3. 1   
acoustic  attenuation  coefficien t  

a  
coeffic i en t  i n tended  to  account  for u l trason ic  attenuation  of  t i ssue  between  the  external  
transducer apertu re  and  a speci f i ed  po in t    

NOTE  1  A l i near dependence  on  frequency i s  assumed.  

NOTE  2  Acousti c  attenuation  coeffi cien t  i s  expressed  i n  decibel s  per metre  per hertz  (dB  m -1  Hz
-1 ) .  

3.2    
acoustic  absorption  coeffi cient  

mo  

coeffic i en t  i n tended  to  accoun t  for  u l trason ic  absorpti on  of  t i ssue  in  th e  reg ion  of  i n terest  

NOTE  1  A l i near dependence  on  frequency i s  assumed.  

NOTE  2  Acousti c  absorption  coeffi cien t  i s  expressed  i n  neper per metre  per hertz  (Np  m -1  H z
-1 ) .  

3.3   
acoustic  repeti t ion  period  
arp  

time  i n terval  between  correspond ing  po in ts  of  consecu ti ve  cycles,  pu lses  or scans,  depend ing  
on  the  curren t  operating  mode    

NOTE  1  The  acousti c  repeti tion  period  i s  equal  to  the  pu lse  repeti tion  period  for non -au tomati c  scann ing  
systems  and  to  the  scan  repeti ti on  period  fo r  au tomati c  scann i ng  systems .  

NOTE  2  For con t i nuous  wave  modes,  the  acousti c  repeti ti on  period  i s  the  t ime  i n terval  between  correspond i ng  
po i n ts  of  consecu ti ve  cycles  

NOTE  3  For combined  operating  modes  where  transm i t  pu l s i ng  of  the  consti tuen t  modes  may be  i n terrupted ,  

the  arp  determ inati on  shou ld  take  i n to  account  non -pu l s i ng  t ime  to  cal cu late  an  average  peri od .  

NOTE  4  The  acoustic  repeti t ion  period  i s  expressed  i n  seconds  (s ) .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 2,  mod i f i ed]  
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3.4   
acoustic  working  frequency 
frequency of  an  acousti c  s i gnal  based  on  the  observati on  of  the  ou tpu t  of  a  hydrophone 
placed  in  an  acoustic  f i e l d  on  the  beam  axis ,  beyond  the  break-point  depth ,  correspond ing  
to  depth  of  maximum pu lse-in tensi ty in teg ral  zpii.  

NOTE  1  The  s i g nal  i s  anal ysed  us i ng  e i ther the  zero-crossing  acoustic-working  frequency  techn ique  or  a  
spectrum  anal ys i s  method .  Speci f i c  acousti c-worki ng  frequencies  are  defi ned  i n  3 . 4. 1  and  3 . 4. 2.  

NOTE  2  For pu l sed  waveforms  the  acoustic-working  frequency  shal l  be  measured  at  the  depth  for  peak pu l se-
in tensi ty i n tegral .  

NOTE  3  Acousti c  frequency  i s  expressed  i n  hertz  (H z) .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 3 ,  mod i f i ed]   

3.4. 1  
zero-crossing  acoustic-working  frequency  
fawf 
number of  consecu tive  hal f-cycles  ( i rrespective  of  po lari ty)  d i vided  by twice  the  t ime  between  
the  commencement  of  the  f i rst  hal f-cycle  and  the  end  of  the  n - th  hal f-cycle  

NOTE  1  Any hal f -cycle  i n  wh i ch  the  waveform  shows  evi dence  of  phase  change  shal l  not  be  coun ted .  

NOTE  2  The  measurement  shou l d  be  performed  at  term inal s  i n  the  recei ver,  that  are  as  c l ose  as  poss ible   to  the  
recei vi ng  transducer (hydrophone)  and ,  i n  al l  cases,  before  rect i f i cat i on .   

NOTE  3  Th i s  frequency i s  determ ined  accord i ng  to  the  procedure  speci f i ed  i n  I EC/TR  60854  [ 3] .  

NOTE  4  Th i s  frequency i s  i n tended  for con t i nuous-wave  sys tems  on l y.   

3 . 4.2  
ari thmetic-mean  acoustic-working  frequency 
fawf 
ari thmetic  mean  of  the  most  widel y separated  frequencies  f1  and  f2,  wi th i n  the  range  of  th ree  
t imes  f1 ,  at  wh ich  the  magn i tude  of  the  acoustic  pressure  spectrum  i s  3  dB  below the  peak 
magn i tude  

NOTE  1  Th i s  frequency  i s  i n tended  for  pu l se-wave  systems  on l y.  

NOTE  2  I t  i s  assumed  that  f1  <  f2.  

NOTE  3  I f  f2  i s  not  found  wi th i n  the  range  <  3  f1 ,  f2  i s  to  be  understood  as  the  l owest  frequency above  th i s  range  
at  wh i ch  the  spectrum  magn i tude  i s  -3  dB  from  the  peak magn i tude.  

3.5   
attenuated  bounded-square  output  power  
P1 x1 ,α(z)  
The  maximum  value  of  the  attenuated  output  power passing  th rough  any one  square  
cen timeter  of  the  plane  perpend icu lar to  the  beam  axis  at depth  z   

NOTE  1  At  z =  0  ( the  transducer su rface)  P1 x1 ,α(z)  becomes  the  bounded-square  outpu t  power ,  that  i s ,  at  z  =  0 ,  
P1 x1 ,α  =  P1 x1 .  

NOTE  2  Attenuated  bounded-square ou tput  power i s  expressed  i n  watts  (W) .   

3.6   
attenuated  output  power 
Pα ( z )  

value  of  the  acoustic  output  power  after attenuati on ,  at  a  speci f i ed  d is tance  from  the  
external  transducer aperture ,  and  g i ven  by 

 
dB)/10(- awf10 

fz 
PzP

a
a =)(  (1 )  

where 
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a  i s  the  acoustic  attenuation  coeffi cient ;  

z  i s  the  d istance  from  the  external  transducer aperture  to  the  poin t  of  i n terest;  

fawf i s  the  acoustic  working  frequency;  

P  i s  the  output  power  measured  i n  water.   

NOTE  1  Attenuated  ou tput  power  i s  expressed  i n  watts  (W) .  

NOTE  2  I n  the  case  of  s tand -offs  the  P  shou l d  represen t  the  output  power emanati ng  from  the  s tand -off.  

3.7   
attenuated  peak-rarefactional  acoustic  pressure  

pr,a(z)  
value  of  the  peak-rarefactional  acoustic  pressure  after attenuati on ,  on  a p lane  
perpend icu lar to  the  beam  axis  at  a  speci fi ed  d istance  z from  the  external  transducer 
aperture ,  and  g i ven  by 

 ( ) dB)/20(-

rα,r
awf10 
fz 

zpzp
a=)(  (2)  

where  

a  i s  the  acoustic  attenuation  coeffi cient ;  

z  i s  the  d istance  from  the  external  transducer aperture  a long  the  beam  axis  to  the  
p lane  con tain ing  the  poin t  of  i n terest;  

fawf i s  the  acoustic  working  frequency;  

pr(z)  i s  the  peak-rarefactional  acoustic  pressure  measured  i n  water.  

NOTE  Attenuated  peak-rarefact i onal  acousti c  pressu re  i s  expressed   i n  pascals  (Pa) .   

3.8   
attenuated  pu lse-intensi ty in teg ral  

piia  (z)  
value  of  the  pu lse- intensi ty in teg ral  after attenuati on ,  on  a plane  perpend icu lar to  the  beam  
axis  at  a  speci fi ed  d istance  z  from  the  external  transducer apertu re ,  and  g i ven  by 

 
dB)/10(- awf10 )(

fz 
piizpii

a
a =  (3)  

where  

a  i s  the  acoustic  attenuation  coeffi cient ;  

z  i s  the  d istance  from  the  external  transducer aperture  a long  the  beam  axis  to  the  
plane  con tain i ng  the  poin t  of  i n terest;  

fawf  i s  the  acoustic  working  frequency;  

pii  i s  the  pu lse-in tensi ty in teg ral  measured  i n  water.  

NOTE  1  Attenuated  pu lse-in tensi ty i n tegral  i s  expressed  i n  j ou l es  per metre  squared,  (J  m–2) .  

NOTE  2  For measurement  pu rposes  of  th i s  s tandard ,  pii
α
 i s  equ i valen t  to  1 /(ρc)  t imes  the  attenuated  pu lse-

pressure-squared  i n teg ral  at  depth  z,  wi th  ρc denoti ng  the  characteri st i c  acoust i c  impedance  of  pu re  water .  

3.9   
attenuated  spatial -average temporal -average in tensi ty 

Isata,a(z)  
value  of  the  spatial -average temporal -average in tensi ty  after attenuation ,  on  a p lane  
perpend icu lar to  the  beam  axis  at  a  speci f ied  d is tance  z  f rom  the  external  transducer 
aperture ,  and  g i ven  by 

 
dB)/10(-

sata,sata
awf10 
fz 

α
IzI

a=)(  (4)  
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where  

a  i s  the  acoustic  attenuation  coefficient ;  

z  i s  the  d istance  from  the  external  transducer aperture  a l ong  the  beam  axis  to  the  
plane  con tain i ng  the  poi n t  of  i n terest;  

fawf  i s  the  acoustic  working  frequency;  

Isata  i s  the  spatial -average temporal -average in tensi ty,  at  a  speci f ied  d is tance  z  
measured  in  water.  

NOTE Attenuated spatial -average temporal -average i n tensi ty  is  expressed in  watts  per metre  squared ,  (W  m –2 ) .  

3. 1 0   
attenuated  spatial -peak temporal -average in tensi ty  

Ispta,a(z)  
value  of  the  spatial -peak temporal -average  in tensi ty  after  attenuati on ,  on  a p lane  
perpend icu lar to  the  beam  axis  at  a  speci f ied  d istance  z  f rom  the  external  transducer 
aperture ,  and  g i ven  by 

 
dB)/10(-

spta,spta
awf10 
fz 

α
IzI

a=)(  (5)  

where  

a  i s  the  acoustic  attenuation  coefficient ;  

z  i s  the  d istance  from  the  external  transducer aperture  a l ong  the  beam  axis  to  the  
plane  con tain i ng  the  poin t  of  i n terest;  

fawf  i s  the  acoustic  working  frequency;  

Ispta   i s  the  spatial -peak temporal -average in tensi ty,  at  a  speci f i ed  d istance  z  measured  i n  
water.  

NOTE Attenuated spatial -peak temporal -average i n tensi ty  is  expressed in watts  per metre  squared,  (W  m–2).  

3. 1 1   
attenuated  temporal -average  in tensi ty 

Ita,a(z)  
value  of  the  temporal -average in tensi ty after attenuati on ,  on  a p lane  perpend icu lar to  the  
beam  axis  at  a  speci fi ed  d istance  z  from  the  external  transducer aperture ,  and  g i ven  by 

 ( ) dB)/10(-

ta,ta
awf10 z
fz 

α
IzI

a=)(  (6)  

where  

a  i s  the  acoustic  attenuation  coefficient ;  

z  i s  the  d istance  from  the  external  transducer aperture  al ong  the  beam  axis  to  the  
plane  con tain ing  the  poin t  of  i n terest;  

fawf i s  the  acoustic  working  frequency;  

Ita(z)  i s  the  temporal -average in tensi ty  measured  i n  water.  

NOTE Attenuated temporal -average i n tensi ty  is  expressed in  watts  per metre  squared,  (W  m–2 ) .  

3. 1 2   
beam  area  
Ab(z)  
area i n  a  speci fi ed  plane  perpend icu lar to  the  beam  axis  cons is t ing  of  al l  po in ts  at  wh ich  the  
pulse-pressure-squared  in teg ral  i s  g reater  than  a speci f ied  fraction  of  the  maximum  value  
of  the  pu lse-pressure-squared  in teg ral  i n  that  p lane   
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NOTE  1  I f  the  pos i t i on  of  the  plane  i s  not  speci f i ed ,  i t  i s  the  plane  passi ng  th rough  the  poi n t  correspond ing  to  the  
spati al -peak temporal -peak acousti c  pressure  i n  the  whol e  acoust i c  f i e l d .  

NOTE  2  I n  a  n umber of  cases,  the  term  pu lse-pressure -squared  i n tegral  i s  replaced  everywhere  i n  the  above  
defi n i t i on  by any l i nearl y  re l ated  quanti ty,  e . g . :   

a)  i n  the  case  of  a  con t i nuous  wave  s i gnal  the  term  pu lse-pressure-squared  i n tegral  i s  replaced  by mean  square  
acoust i c  pressu re  as  defi ned  i n  I EC  61 689  [ 4] ;   

b)  i n  cases  where  s i gnal  synch ron i sati on  wi th  the  scan frame  i s  not  avai l abl e,  the  term  pu lse-pressure-squared  
i n tegral  may be  repl aced  by temporal  average i n tensi ty.  

NOTE  3  Some  speci f i ed  l eve l s  are  0 , 25  and  0 , 01  for  the  -6  dB  and  -20  dB  beam  areas,  respecti vel y.  

NOTE  4  Beam  area i s  expressed  i n  metres  squared  (m
2
) .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 7,  mod i f i ed ]  

3. 1 3   
beam  axis  
strai gh t  l i ne  that  passes  th rough  the  beam  cen trepoin ts  of  two  planes  perpend icu lar to  the  l i ne  
wh ich  connects  the  po in t  of  maximal  pu lse-pressure-squared  i n tegral  wi th  the  centre  of  the  
external  transducer aperture   

NOTE  1  See  Fi gu re  1 .  

NOTE  2  The  l ocati on  of  the  f i rst  p lane  i s  the  l ocati on  of  the  p lane  con tai n i ng  the  maximum  pu lse-pressure-  
squared  i n tegral  or,  a l ternat i vel y,  i s  one  contai n i ng  a  s i ng l e  main  l obe  wh i ch  i s  i n  the  focal  Fraunhofer  zone.  The  
l ocat i on  of  the  second  pl ane  i s  as  far as  i s  pract i cable  f rom  the  f i rs t  plane  and  paral l e l  to  the  f i rst  wi th  the  same  two  
orthogonal  scan  l i nes  (x and  y axes )  used  for the  f i rs t  plane.  

NOTE  3  I n  a  number of  cases,  the  term  pu lse-pressure-squared  i n tegral  i s  replaced  i n  the  above  defi n i t i on  by  
any l i nearl y  re l ated  quanti ty,  e . g . :   

a)  i n  the  case  of  a  con ti nuous  wave  s i gnal  the  term  pu lse-pressure-squared  i n tegral  i s  replaced  by mean  square  
acousti c  pressu re  as  defi ned  i n  I EC  61 689,  

b)  i n  cases  where  s i gnal  synch ron i sat i on  wi th  the  scan  frame i s  not  avai l able  the  term  pu lse -pressure-squared  
i n tegral  may be  repl aced  by temporal  average i n tensi ty.  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 8]  

 

 
 

Figure 1  – Schematic  d iag ram  of  the  d i fferent  planes and  l ines  in  an  u l trasonic  fi eld  
(modi fi ed  from   I EC  61 828  and  I EC 621 27-1 )  
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3.1 4   
beam  centrepoint  

posi t ion  determ ined  by the  2D  centro id  of  a  set  of  pu lse-pressure-squared  in teg rals  
measured  over  the  -6dB  beam-area i n  a  speci fi ed  p lane  

NOTE  Methods  for  determ in i ng  2D  cen tro i ds  are  descri bed  i n  Annex B  and  C  of  I EC  61 828.  

3. 1 5   
beamwidth  m idpoint  
l i near average  of  the  coord inates  of  the  locati ons  m idway between  each  pai r  of  poin ts  
determ in ing  a  beamwidth  i n  a  speci fi ed  p lane  

NOTE  The  average  i s  taken  over as  many beamwidth  l evel s  g i ven  i n  B . 2  of  I EC  61 828   as  s i gnal  l evel  perm i ts .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 1 0,  mod i f i ed ]  

3. 1 6   
beamwidth  
w6 ,  w1 2,  w20  

greatest  d istance  between  two  po in ts  on  a speci fi ed  axis  perpend icu lar  to  the  beam  axis  
where  the  pulse-pressure-squared  i n tegral  fal ls  below i ts  maximum  on  the  speci f ied  axis  by 
a speci f ied  amoun t  

NOTE  1  I n  a  number of  cases,  the  term  pu lse-pressure -squared  i n teg ral  i s  replaced  i n  the  above  defi n i t i on  by  
any l i nearl y  re l ated  quan ti ty,  e . g . :   

a)  i n  the  case  of  a  con ti nuous  wave  s i gnal  the  term  pu lse-pressure-squared  i n tegral  i s  replaced  by mean  square  
acousti c  pressu re  as  defi ned  i n  I EC  61 689  [4] ,  

b)  i n  cases  where  s i gnal  synch ron i sati on  wi th  the  scan  frame i s  not  avai l able  the  term  pu lse -pressure-squared  
i n teg ral  may be  repl aced  by temporal  average i n tensi ty.  

NOTE  2  Common ly used  beamwidths  are  speci f i ed  at  –6  dB,  –1 2  dB  and  –20  dB  l evel s  below the  maximum .  The 
decibe l  cal cu lat i on  impl i es  taki ng  1 0  t imes  the  l ogari thm  to  the  base  of  1 0  of  the  rati os  of  the  i n teg ral s .  

NOTE  3  Beamwidth  i s  expressed  i n  metres  (m ) .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 1 1 ]  

3. 1 7   
bone  thermal  index 
TIB  
thermal  index  for  appl i cati ons ,  such  as  foetal  (second  and  th i rd  trimester) ,  i n  wh ich  the  
u l trasound  beam  passes  through  soft  t i ssue  and  a focal  reg ion  i s  i n  the  immediate  vic in i ty of  
bone  

NOTE  1  See  5. 4. 2  and  5. 5. 2  for methods  of  determ in i ng  the  bone  thermal  i ndex.  

NOTE  2  See  Annex A for rat i onal e  and  deri vati on  notes.  

3. 1 8   
bounded-square ou tput  power 
P1x1  

maximum  value  of  the  t ime  average  acoustic  ou tput  power  em i tted  from  any one-centimetre  
square  reg ion  of  the  act i ve  area of  the  transducer,  the  one-cen timetre  square  reg ion  having  
1  cm  d imens ions  i n  the  x-  and  y-d i recti ons  

NOTE  1  The  s i de  of  the  1  cm  ×  1  cm  square  shou ld  be  al i gned  wi th  the  azimu th  axi s  i n  accordance  wi th  F i g ure  
1 .   See   A. 4. 1 . 4  and  Annex B  for  more  detai l .  

NOTE  2  Bounded-square ou tput  power  i s  expressed  i n  watts  (W) .  
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3.1 9   
break-point  depth  
zbp  

closest  d istance,  to  the  so l i d  surface  of  the  transducer or  the  enclosure  of  any stand-off  path ,  
used  during  a search  to  determ ine  below-surface  TIS  and  TIB  acoustic  working  frequency  
and  i n tens i ty parameters  (such  as  attenuated  spatial -peak temporal -average in tensi ty)  

 eqbp x5,1 D  z =  (7)  

where  Deq   i s  the  equ ivalent  aperture  d iameter  for  non-scanning  modes .   

NOTE  1  Speci f i cal l y,  for the  mechan ical  i ndex :  the  search  shou ld  con ti nue  t i l l  the  depth  zMI .  Reasonabl e  care  
shou ld  be  taken  not  to  go  so  cl ose  to  the  transducer face  as  to  ri sk the  i n teg ri ty  of  the  hydrophone  or  the  val i d i ty  of  
the  measurement.  

NOTE  2  For scanning  modes,  use  the  non-scanning  mode  D
eq
 value  cal cu l at i on  [Equati on  (8) ] .  Do  th i s  us i ng  

the  outpu t  beam  area  of  one  u l trasonic  scan  l i ne ;  the  cen tral  scan  l i ne,  correspond i ng  to  the  beam  axis  ( i . e .  the  

l i ne  where  pii,  MI,  and f
awf  

are  measured ) .  

NOTE  3  See  Annex A for  rat i onal e  and  deri vati on  notes .   

NOTE  4  Breakpoint  depth  i s  expressed  i n  metres  (m ) .  

3.20   
combined-operating  mode 
mode of  operati on  of  an  equ ipment  that  combines  more  than  one  discrete-operating  mode 

[ I EC  61 1 57:2007,  defi n i t i on   3 . 1 7. 1 ]  

3.21   
cran ial -bone thermal  i ndex 
TIC  
thermal  index  for  appl icati ons  i n  wh ich  the  u l trasound  beam  passes  th rough  bone  near the  
beam  entrance  i n to  the  body,  such  as  paed iatric  and  adu l t  cran ial  or  neonatal  cephal ic  
appl ications  

NOTE  1  See  5. 4. 2. 1  and  5 . 5. 2. 1  for methods  of  determ in i ng  the  cran ial  bone thermal  i ndex .  

NOTE  2  See  Annex A for  rat i onal e  and  deri vat i on  notes .  

3.22   
defau l t  setting  
speci f ic  state  of  con tro l  that  the  med ical  d iagnostic  u l trasonic  equ ipment  wi l l  en ter  upon  
power-up,  new patient  se lection  or  change  from  non-foetal  to  foetal  appl icati ons  

3.23   
depth  for  mechanical  index 
zMI  

depth  on  the  beam  axis  f rom  the  external  transducer aperture  to  the  plane  of  maximum  
attenuated  pulse-pressure-squared-integral  (ppsia)  

NOTE  1  Because  z
MI
 may occur c l oser to  the  transducer than  the  break-point  depth  z

bp
,  u se  of  ppsi

α
 rather than  

pii
α
 i s  techn i cal l y  more  appropriate.  I f  z

ppsi , α   i s  l arger than  zbp ,  then  zppsi, α  and  zpii,α   are  equal .  

NOTE  2  Depth  for  mechanical  i ndex  i s  expressed   i n  metres  (m ) .  

3.24   
depth  for  maximum  pu lse  in tensi ty i n teg ral  
depth  z  on  the  beam  axis  and  beyond  the  break-point  depth  zbp  from  the  external  
transduscer aperture  to  the  p lane  of  maximum  pulse-intensi ty in teg ral  (pii)  as  
approximated  by the  pu lse-pressure-squared  in teg ral  (ppsi)  

NOTE  1  Depth  for  maximum  pii  i s  expressed   i n  metres  (m ) .  
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NOTE  2  Depth  for  maximum  pii  i s  termed  "depth  for peak pu l se- i n tens i ty  i n tegral "  i n  
I EC  60601 -2-37: 2007/AMD1 :201 5.  

NOTE  3  At  th i s  depth  the  acoustic  working  frequency i s  determ ined.  

3.25   
depth  for  TIB  

zb, ns  for  non-scanning  modes   
for  non-scann ing  modes ,  the  d is tance  along  the  beam  axis  from  the  external  transducer 
aperture  to  the  plane  where  the  product  of  attenuated  output  power  and  attenuated  
spatial -peak temporal -average in tensi ty  i s  a  maximum  over the  d istance  range  equal  to ,  or  
g reater  than ,  the  break-point  depth ,  zbp  

NOTE  1  Depth  for  TIB  i s  expressed  i n  metres  (m ) .  

NOTE  2  See  Annex A for  rat i onal e  and  deri vati on  notes.  

3.26   
depth  for  TIS  
zs , ns  for  non-scanning  modes  
for non-scanning  modes,  the d istance  along  the  beam  axis  f rom  the  external  transducer 
aperture  to  the  plane  at  wh ich  the  l ower value  of  the  attenuated  output  power  and  the  
product  of  the  attenuated  spatial -peak temporal -average in tensi ty  and  1  cm2  i s  maxim ized  
over  the  d istance  range  equal  to ,  or  g reater than ,  the break-point depth ,  zbp  

NOTE  1  I n  th i s  s tandard ,  the  restri cted  defi n i t i on  of  spati al -peak temporal -average i n tensi ty  f rom  I EC  621 27-1 ,  
re l ati ng  to  a  speci f i ed  p lane,  i s  used  where  spatial -peak temporal -average i n tensi ty  i s  replaced  by  attenuated  
spati al -peak temporal -average i n tensi ty.  

NOTE  2  Depth  for TIS  i s  expressed  i n  metres  (m ) .  

NOTE  3  See  Annex A for  rat i onal e  and  deri vat i on  notes .  

3.27  
d iscrete-operating  mode 
mode of  operation  of  medical  d iagnostic  u l trasonic  equ ipment  i n  wh ich  the  purpose  of  the  
exci tat i on  of  the  ul trasonic transducer or  u l trasonic  transducer  e l ement g roup i s  to  u t i l i ze  
on l y one  d iagnostic  methodology 

[I EC  61 1 57:2007,  defi n i t i on  3 . 1 7. 2,  modi f i ed ]  

3.28   
equ ivalent  aperture  d iameter 
Deq  
d iameter of  a  ci rcle  the  area A  o f  wh ich  i s  the  –1 2  dB  output  beam  area  Aob  for  non-
scanning  modes  and  the  –1 2  dB  scanned  aperture area  Asa  for  scanning  modes ,  g i ven  by 

       AD
π

=
4

eq  (8)  

where  A
ob
 i s  the  output  beam  area .  

NOTE  1  Equati on  (8 )  i s  used  i n  the  cal cu lati on  of  the  cran ial -bone thermal  i ndex ;  for  non-scanning  modes  wi th  
A  =  A

ob
 and  for  scanning  modes wi th  A =  A

sa
.  

NOTE  2  Equati on  (8 )  wi th  A  =  A
ob
 i s  al so  used  i n  cal cu lati ng  the  break-point  depth .  

NOTE  3  Equivalen t  aperture  d i ameter  i s  expressed   i n  metres  (m ) .  

3.29    
equ ivalent  beam  area  
Aeq(z)  

area of  the  acoustic  beam  at  the  d istance  z  i n  terms  of  power and  i n tens i ty and  g i ven  by  
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 ( ) ( )
( ) spta,spta

α

eq
I

P
 

zI

zP
zA ==

a

 (9)  

where  

Pa(z)  i s  the  attenuated  output  power,  at  the  d istance  z;  

Ispta,  a(z)  i s  the  attenuated  spatial -peak temporal -average in tensi ty,  at  the  d istance  z;  

P  i s  the  output  power ;  

Ispta    i s  the  spatial -peak temporal -average in tensi ty,  at  the  d istance  z;  and  

z  i s  the  d is tance  from  the  external  transducer  aperture  to  the  speci f ied  po in t.  

NOTE  Equ ivalen t  beam  area  i s  expressed  i n  metres  squared  (m
2
) .  

3.30   
equ ivalent  beam  d iameter  
deq (z)  
d iameter of  the  acoustic  beam  at  the  d istance  z  i n  terms  of  the  equ ivalent  beam  area  and  
g i ven  by 

 ( ) ( ) zAzd eqeq
π

4
=  (1 0)  

where  

Aeq(z)  i s  the  equivalent  beam  area ;  

z  i s  the  d istance  from  the  external  transducer aperture  to  the  speci f ied  po in t.  

NOTE  Equ ivalen t  beam  d iameter  i s  expressed  i n  metres  (m ) .  

3.31   
external  transducer aperture  
part  of  the  su rface  of  the  u l trasonic transducer  or  u l trason ic  transducer  e l emen t g roup  
assembly that  em i ts  u l trason ic  rad iat i on  in to  the  propagation  med ium  

NOTE  1  Th i s  su rface  i s  assumed  to  be  e i ther d i rect l y  i n  con tact  wi th  the  pati en t  or  i n  con tact  wi th  a  water o r l i qu i d  
path  to  the  pati en t.  See  F i gu re  1 .  

NOTE  2  The  u l trasonic  transducer  e l ement  g roup  i s  usual l y  offset  from  th i s  su rface  by a  l ens,  match i ng  l ayers  
and  poss ibl y  f l u i d .   

[I EC  621 27-1 :2007,  defi n i t i on  3 . 27,  mod i f i ed ]  

3.32   
mechanical  i ndex 
MI  
mechanical  i ndex  i s  g i ven  by 

 
( )

   

1 /2

awfMIαr,

MIC

fzp
MI

−

=  (1 1 )  

where  

CMI =  1  MPa·MHz
- ! /2  

pr,α(zMI)   i s   the  attenuated  peak-rarefactional  acoustic  pressure  at  the  depth  zMI  

fawf    is  the  acoustic-working  frequency.  

NOTE  1  See  Annex A for rat i onal e  and  deri vati on  notes.  
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3.33    
med ical  d iagnostic  u l trasonic  equ ipment  (or  system)  
combination  of  the  ul trasound  instrument  console  and  the  transducer assembly  making  up  
a complete  d iagnostic  system  

[I EC  61 1 57:2007,  defi n i t i on  3 . 1 5]  

NOTE  1  For the  purpose  of  th i s  s tandard ,  medical  d i agnostic  u l trasonic  equ ipment  (or  system)  means  
electri cal  equ ipment  that  i s  i n tended  for  in vivo  u l trason i c  exam inati on  and  mon i tori ng  for obtai n i ng  a  med ical  
d i agnos i s .   

NOTE  2  I EC  60601 -2-37:2007 uses  the  term  "u l trason i c  d i agnosti c  equ i pment"  i ns tead  of  medical  d iagnostic  
u l trasonic  equ ipment .  

3.34   
non-scann ing  mode  
mode of  operation  of  med ical  d iagnostic  u l trasonic  equ ipment  that  i nvolves  a sequence  of  
u l trason ic  pu lses  wh ich  g i ve  rise  to  u l trason ic  scan  l i nes  that  fo l l ow the  same acoustic  path  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 39. 4,  mod i f i ed ]  

3.35   
output  beam  area  
Aob   
area of  the  u l trason ic  beam  deri ved  from  the  -1 2  dB beam  area  at  the  external  transducer 
aperture  

NOTE  1  For  reasons  of  measurement  accu racy,  the  –1 2  dB  ou tput  beam  area  may be  deri ved  from  
measurements  at  a  d i s tance  chosen  to  be  as  cl ose  as  poss i ble  to  the  face  of  the  transducer,  and ,  i f  poss ible,  n o  
more  than  1  mm  from  the  face.  

NOTE  2  For  con tact  transducers ,  th i s  area can  be  taken  as  the  g eometri cal  area of  the  u l trasonic  transducer  o r  
u l trasonic  transducer el ement  g roup.  

NOTE  3  The  ou tpu t  beam  area  i s  expressed  i n  metres  squared  (m
2
) .  

NOTE  4  Methodo logy for  f i n d i ng  the  beam  area us i ng  the  pu lse-pressure-squared  i n tegral  for  focused  f i e l ds  i s  
described  i n  c l auses  6 . 2  and  6. 3  of  I EC  61 828.   

[I EC  621 27-1 :2007,  defi n i t i on  3 . 40]  

3.36   
output  beam  d imensions  
Xob  ,  Yob  

d imens ions  of  the  u l trason ic  beam  (–1 2  dB  beamwidth )  i n  speci f i ed  d i recti ons  perpendicu lar 
to  each  o ther and  i n  a  d i rection  normal  to  the  beam  axis  and  at  the  external  transducer 
aperture  

NOTE  1  For reasons  of  measurement  accuracy,  the  –1 2  dB  output  beam  d imensions may be  deri ved  from  
measurements  at  a  d i s tance  chosen  to  be  as  cl ose  as  poss ible  to  the  face  of  the  transducer and ,  i f  poss ible,  no  
more  than  1  mm  from  the  face.  

NOTE  2  For con tact  transducers ,  these  d imensions  can  be  taken  as  the  geometri cal  d imensi ons  of  the  u l trasoni c  
transducer  o r  u l trason ic  transducer element  g roup.  

NOTE  3  Outpu t  beam  d imensions  are  expressed  i n  metres  (m ) .  

NOTE  4  Methodo logy for  f i n d i ng  the  beam  area us i ng  the  pu lse-pressure-squared  i n teg ral  for  focused  f i e l ds  i s  
descri bed  i n  6 . 2  and  6. 3  of  I EC  61 828.   

[ I EC  621 27-1 :2007,  defi n i t i on  3 . 41 ,  mod i f i ed ]  
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3.37   
output  power 
P   
time-average  u l trason ic  power em i tted  by an  u l trasonic transducer  i n to  an  approximatel y 
free  f ie l d  u nder  speci f i ed  cond i t i ons  i n  a  speci f i ed  medium ,  preferabl y water  

[I EC  61 1 61 :201 3,  defi n i t i on  3 . 3]   

NOTE  1  " t ime-average"  means  averaged  over an  i n tegral  mu l t i pl e  of  the  temporal  peri od i ci ty.  

NOTE  2  Outpu t  power  i s  expressed  i n  watts  (W) .  

3.38   
peak-rarefactional  acoustic  pressure  
pr  

maximum  of  the  modu lus  of  the  negati ve  instantaneous acoustic  pressure i n  an  acoustic  
f ie l d  or  i n  a  speci fi ed  plane  duri ng  an  acoustic  repeti tion  period  

NOTE  1  Peak-rarefactional  acoustic  pressure  i s  expressed  as  a  pos i t i ve  n umber.  

NOTE  2  Peak-rarefactional  acoustic  pressure  i s  expressed  i n  pascals  (Pa) .  

NOTE  3  The  defi n i t i on  of  peak-rarefactional  acoustic  pressure  a l so  appl i es  to  peak-negati ve  acoust i c  pressure  
wh i ch  i s  al so  i n  use  i n  l i teratu re.  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 44]  

3.39   
power parameter  
Pp  
beam-related  power quanti ty used  i n  the  numerator of  the  general  thermal  index  re lati onsh ip  

NOTE  1  See  Equati on  A. 4  

NOTE  2  The  mean i ng  of  th i s  quan ti ty  depends  on  the  TI to  be  eval uated ,  see  A. 5. 1  and  A. 5. 2.  I n  g eneral  terms,  i t  
wi l l  be  the  measured  quan ti ty  responsi ble  for the  est imati on  o f  the  speci f i c  temperatu re  ri se.  

NOTE  3   Power parameter  i s  expressed  i n  watts  (W) .  

3.40   
prudent-use statements  
affi rmations  of  the  pri nciple  that  on l y necessary cl in ical  i n formation  shou ld  be  acqu i red  and  
that  h i gh  exposure  l evels  and  l ong  exposure  t imes  shou ld  be  avoided  

NOTE  See  B ibl i og raphy [ 5, 6, 7, 8 ] .  

3.41    
pu lse  duration  
td  

1 , 25  t imes  the  i n terval  between  the  t ime  when  the  t ime  i n teg ral  of  the  square  of  the  
instantaneous  acoustic  pressure  reaches  1 0  %  and  90  % of  i ts  f i nal  value  

NOTE  1  The  f i nal  val ue  of  the  t ime  i n tegral  of  the  square  of  the  i nstantaneous  acoustic  pressu re i s  the  
pu lse-pressure-squared  i n tegral .  

NOTE  2  Pulse  duration  i s  expressed   i n  seconds  (s) .  

NOTE  3  See  Fi gu re  2  of  I EC  621 27-1 .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 48]  
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3.42   
pu lse-in tensi ty in teg ral  
pii 

time  in tegral  of  the  instantaneous in tensi ty at a  part icu lar po i n t  i n  an  acoustic  f i e ld  
i n tegrated  over the  acoustic  pu lse waveform  

NOTE  1  For measurement  pu rposes  referred  to  i n  th i s  I n ternati onal  S tandard ,  pu lse-in tensi ty i n tegral  i s  
proport i onal  to  pu l se-pressure-squared  i n teg ral .  

NOTE  2  The  pu l se-in tensi ty i n tegral  i s  expressed  i n  j ou les  per metre  squared   (Jm
- 2
) .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 49]  

3.43   
pu lse-pressure-squared  in teg ral  
ppsi 

time  i n tegral  of  the  square  of  the  instantaneous acoustic  pressure at  a part icu lar  po in t  i n  an  
acoustic  f i e ld  i n tegrated  over  the  acoustic  pu lse waveform  

NOTE  The  pu lse-pressure-squared  i n teg ral  i s  expressed  i n  pascal  squared  seconds  (Pa2s) .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 50]  

3.44   
pu lse  repeti tion  period  
prp  

time  i n terval  between  equ ivalen t  po in ts  on  successive  pu lses  or  tone-bursts  

NOTE  1  I n  general ,  for non-scanning  modes  the  pu lse repeti ti on  period  n eeds  to  be  ad justed  to  represen t  a  
‘ per-second ’  average  taki ng  i n to  account  i n terrupti ons - i n ,  or non -constant,  pu l s i ng ;  e . g .  such  as  may occu r i n  
combined  operating  modes .  

NOTE  2  The  pu l se  repeti ti on  period  i s  expressed  i n  seconds  (s) .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 51 ]  

3.45   
pu lse  repeti tion  rate  
prr 

reciprocal  of  the  pulse  repeti tion  period   

NOTE  The  pu lse  repeti ti on  rate  i s  expressed  i n  h ertz  (Hz) .   

[I EC  621 27-1 :2007,  defi n i t i on  3 . 52]  

3.46   
scanned  aperture  area  
Asa  

area at  the  external  transducer aperture  cons ist i ng  of  al l  po i n ts  at  wh ich  the  
pulse-pressure-squared  in teg ral  i s  g reater than  -1 2  dB  of  the  maximum  value  of  the  
pulse-pressure-squared  in teg ral  i n  that  p lane   

NOTE  1  For reasons  of  measurement  accu racy,  the  –1 2  dB  scanned  apertu re  area  may be  deri ved  from  
measurements  at  a  d i s tance  chosen  to  be  as  c l ose  as  poss i ble  to  the  face  of  the  transducer,  and ,  i f  poss ibl e,  n o  
more  than  1  mm  from  the  face.  

NOTE  2  For  con tact  transducers,  th i s  area can  be  taken  as  the  geometri cal  area  of  the  acti ve  e l ements  du ri ng  
one  frame scan  of  the  u l trason ic  transducer  o r  u l trasonic  transducer  element  g roup.  

NOTE  3  I n  a  n umber of  cases,  the  term  pu lse-pressure-squared  i n tegral  i s  replaced  everywhere  i n  the  above  
defi n i t i on  by any l i nearl y  re l ated  quanti ty,  e . g . :  

a)  i n  the  case  of  a  con t i nuous  wave  s i gnal  the  term  pu lse-pressure-squared  i n tegral  i s  replaced  by mean  square  
acoust i c  pressu re  as  defi ned  i n  I EC  61 689,  

b)  i n  cases  where  s i gnal  synchron i sati on  wi th  the  scan frame  i s  not  avai l able  the  term  pu lse-pressure -squared  
i n tegral  may be  repl aced  by temporal  average i n tensi ty.  
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NOTE  4  Scanned  apertu re area  i s  expressed  i n  metres  squared  (m
2
) .  

3.47  
scan  d i rection  
for  systems  wi th  scann ing  modes,  the  d i rection  i n  the  scan  plane  and  perpend icu lar to  a  
speci f ied  u l trasonic  scan  l ine  

NOTE  Du ri ng  one  acqu i s i t i on  frame  the  scan  d i recti on  may be  azimuthal  (x)  and/or e l evati onal  (y)  and  may 
i ncl ude  combinati ons,  e . g . ,  pol ar.  

[I EC  61 1 57:  2007,  def in i t i on  3 . 27]  

3.48   
scan  plane  
for au tomatic  scann ing  systems,  a  p lane  con tain ing  al l  the  u l trason ic scan  l ines   

NOTE  1  See  Fi gure  1 .   

NOTE  2  Some  scann ing  systems  have  the  abi l i ty  to  s teer the  u l t rasound  beam  i n  two  d i rect i ons.  I n  th i s  case,  
there  i s  no  scan  plane  that  meets  th i s  defi n i t i on .  However,  i t  m i gh t  be  usefu l  to  cons ider a  p lane  th rough  the  
major-axi s  of  symmetry of  the  u l trasound  transducer  and  perpend icu lar to  the  transducer face  (or  another  
su i table  plane)  as  bei ng  equ i valen t  to  the  scan  plane.  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 56]  

3.49   
scanning  mode 
mode of  operation  of  a  med ical  d iagnostic  u l trasonic  equ ipment  that  i nvo lves  a sequence  
of  u l trason ic  pu lses  wh ich  g i ve  ri se  to  scan  l i nes  that  do  not  fo l l ow the  same acoustic  path  

[I EC  61 1 57:2007,  defi n i t i on  3 . 1 7. 5]  

3.50   
scan  repeti tion  period  
srp  

time  i n terval  between  i dentical  po i n ts  on  two  success ive  frames,  sectors  or  scans,  appl yi ng  to  
au tomatic  scann ing  systems  wi th  a  per iod i c  scan  sequence  on l y 

NOTE  1  I n  g eneral ,  th i s  I n ternati onal  Standard  assumes  that  an  i n d i vi dual  u l trasonic  scan  l i ne  repeats  exactl y  
after a  number of  acousti c  pu l ses .   

NOTE  2  The  scan  repeti t i on  peri od  i s  expressed  i n  seconds  (s) .  

3.51   
scanwidth   
ws  
greatest  d i stance  between  two  po in ts  on  the  axis  i n  the  scan  plane  perpend icu lar to  the  
cen tral  u l trason ic scan  l ine  where  the  temporal  average in tensi ty  fal l s  be low i ts  maximum  
i n  the  scan  plane  by 1 2  dB  at  the  d istance  of  i n terest  from  the  transducer su rface  

NOTE  1  Th is  d imens ion  may  be  determ ined  by hyd rophone  measurements  or  by cal cu l at i on  us i ng  knowledge  of  
the  d imensions  of  the  transducer apertu re  and  scann i ng  geometry.  

NOTE  2  Scanwidth  i s  expressed  i n  metres  (m ) .  

3.52   
soft  t i ssue  thermal  i ndex 
TIS 

thermal  i ndex  re lated  to  soft  t i ssues   

NOTE  1  See  5 . 4. 1  and  the  fo l l owing  sub-cl auses  and  5. 5. 1  for  methods  of  determ in i ng  the  soft  t i ssue thermal  
i ndex.   

NOTE  2  For the  pu rposes  of  th i s  document,  soft  t i ssue  i ncl udes  al l  body t i ssues  and  f l u i ds  except  skeletal  
t i ssues.   
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NOTE  3  See  Annex A for rat i onal e  and  deri vati on  notes.  

3.53   
spatial -average temporal -average in tensi ty  
Isata  

equal  to  the  temporal -average in tensi ty averaged  over the  scan-area,  beam  area or  other 
def ined  area  as  appropriate  

NOTE  Spatial -average temporal -average i n tensi ty  i s  expressed  i n  watts  per metre  squared  (Wm -2 ) .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 59  s l ig h tl y mod i fi ed]  

3.54   
spatial -peak temporal -average in tensi ty  
Ispta  

maximum  value  of  the  temporal -average  i n tensi ty i n  an  acoustic  f i e ld  or  i n  a  speci f i ed  p lane  

NOTE  1  For systems  i n  combined-operating  mode ,  the  averag ing  t ime  peri od  needs  to  be  su ff i ci en t  to  i ncl ude  
peri ods  i n  wh i ch  scann ing  or  pu l s i ng  i s  i n terrupted .  

NOTE  2  Spati al -peak temporal -average i n tensi ty  i s  expressed  i n  watts  per metre  squared  (Wm -2 ) .   

[I EC  621 27-1 :2007,  defi n i t i on  3 . 62]  

3.55   
temporal -average in tensi ty  
Ita  

time-average  of  the  i nstantaneous  in tensi ty  at  a  part icu lar  po in t  i n  an  acoustic  f i e l d  

NOTE  1  The  t ime-average  i s  taken  normal l y  over an  i n teg ral  number of  acousti c  repeti tion  periods ;  i f  n ot,   the  
peri od  for  averag ing  shou ld  be  speci f i ed .  

NOTE  2  Temporal -average i n tensi ty  i s  expressed  i n  watts  per metre  squared   (Wm
- 2
) .   

[I EC  621 27-1 :2007,  defi n i t i on  3 . 65]  

3.56   
thermal  i ndex 
TI 

rat io  of  attenuated  output  power  at  a  speci f i ed  poin t  to  the  attenuated  output  power  
requ i red  to  raise  the  temperature  at  that  po i n t  i n  a  speci f ic  t i ssue  model  by 1  °C  

NOTE  See  Annex A for  rat i onale  and  deri vati on  notes.  

3.57  
transducer assembly 
those  parts  of  medical  d iagnostic  u l trasonic  equ ipment  compris ing  the  u l trasonic 
transducer  and/or  ul trasonic transducer element  g roup,  together wi th  any i n teg ral  
components ,  such  as  an  acoustic  l ens  or  i n tegral  s tand-off  

NOTE  The  transducer assembly  i s  u sual l y  separable  from  the  u l trasound  i nstrument  console.  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 69]  

3.58   
transmit  pattern  
combination  of  a  speci f i c  set  of  transducer beam -form ing  characterist ics  (determ ined  by the  
transm i t  aperture  s i ze,  apod i zati on  shape  and  re lat i ve  tim ing /phase  delay pattern  across  the  
aperture,  resu l ti ng  i n  a  speci f ic  focal  l eng th  and  d i recti on)  and  an  e lectrical  d ri ve  waveform  of  
a  speci f i c  f i xed  shape  bu t  variable  ampl i tude  
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3.59   
u l trason ic  scan  l ine  
for scann ing  systems,  the  beam  axis  for a  part icu lar u l trasonic transducer element  g roup,  
or  for  a  part icu lar exci tat i on  of  an  u l trason ic transducer  or  u l trasonic transducer element  
g roup  

NOTE  1  Here  an  u l trasonic  scan  l i ne  refers  to  the  path  of  acousti c  pu l ses  and  not  to  a  l i ne  on  an  image  on  the  
d i splay screen  of  a  system .  

NOTE  2  The  case  where  a  s i ng l e  exci tati on  produces  u l trason i c  beams  propagati ng  al ong  more  than  one  beam  
axis  i s  not  cons idered .  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 71 ,  modi f ied ]  

3.60    
u l trason ic  transducer 
device  capable  of  converti ng  e lectrical  energy to  mechan ical  energy wi th in  the  u l trason ic  
frequency range  and/or  reciprocal l y of  converti ng  mechan ical  energy to  e l ectrical  energy  

[I EC  621 27-1 :2007,  defi n i t i on  3 . 73]  

3.61    
i nstantaneous  acoustic  pressure  
p(t)  
pressure  m inus  the  ambien t  pressure  at  a  particu lar i nstant  i n  t ime  and  at  a  particu lar poi n t  i n  
an  acoustic  f i e ld  

NOTE  Instantaneous  acoustic  pressure  i s  expressed  i n  pascals  (Pa) .  

[SOURCE:  IEC  621 27-1 :2007,  3 . 33,  mod i f i ed  – The  reference  to  I EV 801 -01 -1 9  has  been  
removed  i n  the  defi n i t i on ]  

3.62    
attenuated  instantaneous acoustic  pressure  
pα(z,t)  
value  of  the  instantaneous acoustic  pressure  at  t ime  t  after  attenuation  on  a  p lane  
perpend icu lar  to  the  beam  axis  at  a  speci f i ed  d istance  z  from  the  source,  and  g i ven  by 

 ( ) ( ) ( )dB20awf1 0,,
fztzptzp a

a
−=  (26)  

where  

a  i s  the  acoustic  attenuation  coefficient ;  

z  i s  the  d is tance  from  the  source  to  the  po in t  (plane)  of  i n terest;  

fawf   i s  the  acoustic  working  frequency;  

p(z, t)  i s  the  instantaneous acoustic  pressure  

NOTE  Attenuated  i nstantaneous acoustic  pressure  i s  expressed  i n  pascals  (Pa) .  

3.63    
attenuated  pu lse-pressure-squared  i n tegral  
ppsiα(z)  
t ime  i n tegral  of  the  square  of  the  attenuated  instantaneous acoustic  pressure ,  i n tegrated  
over the  acoustic  pu lse  waveform ,  on  a p lane  perpend icu lar to  the  beam  axis  at  a  speci f ied  
d istance  z  i n  an  acoustic  f ie l d  

 ( ) ( ) ( )[ ] ( )dB1 02dB202 awfawf 1 0)(1 0),(,
fzfz zppsidttzpdttzpzppsi aa

aa
−− ×=== ∫∫  (27)  

where  
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p(z, t)  i s  the  instantaneous acoustic  pressure at  depth  z.  

a  i s  the  acoustic  attenuation  coefficient ;  

z  i s  the  d is tance  from  the  source  to  the  po in t  (plane)  of  i n terest;  

fawf  i s  the  acoustic  working  frequency;  

ppsi  i s  the  pu lse-pressure-squared  in teg ral  

NOTE  1  Attenuated  pu lse-pressure-squared  i n tegral  i s  expressed  i n  pascal  squared  seconds  (Pa2s) .  

NOTE  2  See  defi n i t i on  3 . 43  for the  non -attenuated  vers ion ;  wi th  the  add i t i on  here  of  the  perpend icu l ar p lane  at  
depth  z.  

3.64   
attenuated  scan  i n tensi ty in teg ral  
siiα(z)  
sum  of  the  attenuated  pu lse  in tensi ty in teg rals  i n  one  scan  (one  frame of  u l trason ic  scan  
l ines)  at  depth  z  

NOTE  1  Attenuated  scan  i n tensi ty i n teg ral  i s  expressed  i n  j ou les  per square  metre  (Jm –2 ) .  

NOTE  2  For measu rement  pu rposes  of  th i s  s tandard ,  sii
α
(z)  i s  equ i val en t  to  1 /(ρc)  t imes  the  sum  of  attenuated  

pu lse-pressure-squared  i n tegrals  at  depth  z,  for  z  ≥  z
bp
,  wi th  ρc  denoti ng  the  characteri st i c  acousti c  impedance  of  

pu re  water.  

NOTE  3  See  defi n i t i on  3 . 79  for the  non-attenuated  vers ion .  

3.65   
attenuated  spatial -peak pu lse-average i n tensi ty 
Isppa , α(z)  
maximum  value  of  the  spatial -peak pu lse-average in tensi ty  after attenuation ,  on  a p lane  
perpend icu lar  to  the  beam  axis  at  a  speci fi ed  d istance  z  f rom  the  source,  and  g i ven  by 

  ( )
( )

( )z
zt

zI pii, aa
d

sppa

1
=  (28)  

where  

td(z)  i s  the  pu lse duration  at  the  same depth  z;  

piiα(z)  i s  the  at tenuated  pu lse- intensi ty in teg ral  at depth  z  

NOTE  1  Attenuated  spati al -peak pu l se-average i n tensi ty i s  expressed  i n  watts  per square  metre  (Wm –2 ) .  

NOTE  2  For measurement  pu rposes  of  th i s  s tandard ,  pii
α
(z)  i s  equ i valen t  to  1 /(ρc)  t imes  the  attenuated  pu lse-

pressure-squared  i n teg rals  at  depth  z,  ppsi
α
(z) ,  for  z  ≥  z

bp
,  wi th  ρc  d enot i ng  the  characteri st i c  acoust i c  impedance  

of  pu re  water.  

NOTE  3  See  defi n i t i on  3 . 81  for the  non-attenuated  vers ion .  

3.66   
attenuated  sum  of  pu lse-pressure-squared  in teg rals  
sαppsi (z)  
attenuated  value  of  the  sum  of  pulse-pressure-squared  in teg rals  i n  one  scan  (one  frame of  
ultrason ic  scan  l ines)  at  depth  z  

NOTE  1  Attenuated  sum  of pu lse-pressure-squared  i n teg rals  i s  expressed  i n  pascal  squared  seconds  (Pa2s ) .  

NOTE  2  The  attenuated  sum  of pu lse-pressure-squared  i n tegrals  at  depth  z  wi l l  be  equal  to  the  sum  of 
attenuated  pu lse-pressure-squared  i n tegral s  i f  each  u l trasonic  scan  l i ne  i n  the  frame  wh i ch  i s  i ncl uded  i n  the  
sum  has  the  same acoustic  working  frequency.  

NOTE  3  See  F. 3 . 1 . 4. 2  for  add i t i onal  expl anati on .  

NOTE  4  See  defi n i t i on  3 . 83  for  the  non -attenuated  vers ion .  
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3.67   
depth  for  maximum  Isppa  
zsppa,max  
depth  z  on  the  beam  axis  and  beyond  the  break-point  depth  zbp  of  maximum  spatial -peak 
pu lse-average in tensi ty  

NOTE  1  Depth  for  maximum  I
sppa

 i s  expressed  i n  metres  (m ) .  

NOTE  2  Th i s  depth  i s  equ i val en t  to  the  depth  for  maximum  pii.  

3.68   
depth  for  maximum  Isppa ,α  
zsppa,α ,max  
depth  z  on  the  beam  axis  and  beyond  the  break-point  depth  zbp  of  maximum  attenuated  
spatial -peak pu lse-average in tensi ty  

NOTE  1  Depth  for  maximum  I
sppa , α

 i s  expressed  i n  metres  (m ) .  

NOTE  2  Th i s  depth  i s  equ i val en t  to  the  depth  for  maximum  pii
α

.  

3.69    
depth  for  maximum  Ispta  
zspta,max  
depth  z  on  the  beam  axis  and  beyond  the  break-point  depth  zbp  o f  maximum  spatial -peak 
temporal -average  in tensi ty  

NOTE  1  Depth  for  maximum  I
spta

 i s  expressed  i n  metres  (m ) .  

NOTE  2  For non -scanning  modes ,  th i s  depth  i s  equ i val en t  to  the  depth  for  maximum  pii.  For scanning  
modes ,  i t  i s  equ i val en t  to  the  depth  for  maximum  sii.  

3.70    
depth  for  maximum  Ispta ,α  
zspta,α,max  
depth  z  on  the  beam  axis  and  beyond  the  break-point  depth  zbp  o f  maximum  attenuated  
spatial -peak temporal -average in tensi ty  

NOTE  1  Depth  for  maximum  I
spta ,α

 i s  expressed  i n  metres  (m ) .  

NOTE  2  For non-scanning  modes ,  th i s  depth  i s  equ i val en t  to  the  depth  for  maximum  pii
α
.  For scanning  

modes ,  i t  i s  equ i val en t  to  the  depth  for  maximum  sii
α
.  

3.71    
depth  for  maximum  piiα  
zpii, α  
depth  z  on  the  beam  axis  and  beyond  the  break-point  depth  zbp  o f  maximum  attenuated  
pu lse-in tensi ty in teg ral  

NOTE  1  Depth  for  maximum  pii
α  i s  expressed  i n  metres  (m ) .  

NOTE  2  Th i s  depth  i s  equ i valen t  to  the  depth  for  maximum  ppsi
α
,  z

ppsi, α
,  when  z

ppsi, α  occurs  beyond  the  break-
point  depth  (see  3 . 73 ) .  

NOTE  3  Depth  for  maximum  pii
α
 i s  termed  "depth  for peak attenuated  pu l se- i n tens i ty  i n teg ral "  i n   

I EC  60601 -2-37: 2007+IEC 60601 -2-37:2007/AMD1 :201 5.  

3.72    
depth  for  maximum ppsi  
zppsi  
depth  z  on  the  beam  axis  o f  maximum  pulse-pressure-squared  in teg ral  

NOTE  1  Depth  for  maximum  ppsi  i s  expressed  i n  metres  (m ) .  
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NOTE  2  When  i t  occurs  beyond  the  break-poin t  depth ,  th i s  depth  i s  equ i valen t  to  the  depth  for  maximum  pii,  

z
pii
 (see  3 . 24) .  

3.73    
depth  for  maximum  ppsiα  
zppsi,α  
depth  z  on  the  beam  axis  o f  maximum  attenuated  pu lse-pressure-squared  in teg ral  

NOTE  1  Depth  for  maximum  ppsi
α
 i s  expressed  i n  metres  (m ) .  

NOTE  2  When  i t  occurs  beyond  the  break-poin t  depth ,  th i s  depth  i s  equ i valen t  to  the  depth  for  maximum  pii
α
,  

z
pii, α

 ( i . e .  depth  for  maximum  attenuated  pu lse-in tensi ty i n tegral ) .  

NOTE  3  Th i s  depth  i s  the  depth  for  mechanical  i ndex ,  z
MI
 (see  3 . 23) .  

3.74    
depth  for  maximum  sii  
zsii  
depth  z  on  the  beam  axis  and  beyond  the  break-point  depth  zbp  o f  maximum  scan-intensi ty 
in teg ral  

NOTE  1  Depth  for  maximum  sii  i s  expressed  i n  metres  (m ) .  

NOTE  2  Th i s  depth  i s  equ i valen t  to  the  depth  for  maximum  sppsi,  z
sppsi

,  when  z
sppsi

 occurs  beyond  the  break-
point  depth  (see  3 . 76) .  

NOTE  3  Depth  for  maximum  sii  i s  termed  "depth  for  peak sum  of  pu l se- i n tens i ty  i n teg ral s"  i n   
I EC  60601 -2-37: 2007+IEC 60601 -2-37:2007/AMD1 :201 5.  

3.75    
depth  for  maximum  siiα  
zsii, α  
depth  z  on  the  beam  axis  and  beyond  the  break-point  depth  zbp  o f  maximum  attenuated  
scan-intensi ty in teg ral  

NOTE  1  Depth  for  maximum  sii
α
 i s  expressed  i n  metres  (m ) .  

NOTE  2  Th i s  depth  i s  equ i valen t  to  the  depth  for  maximum  sppsi
α
,  z

sppsi, α
,  when  z

sppsi, α
 occu rs  beyond  the  

break-poin t  depth  (see  3 . 77) .  

NOTE  3  Depth  for  maximum  sii
α
 i s  termed  "depth  for peak sum  of  attenuated  pu l se- i n tens i ty  i n tegral s"  i n  

I EC  60601 -2-37: 2007+IEC 60601 -2-37:2007/AMD1 :201 5.  

3.76    
depth  for  maximum  sppsi  
zsppsi  
depth  z  on  the  beam  axis  of  maximum  sum  of  pu lse-pressure-squared  in teg rals  

NOTE  1  Depth  for  maximum  sppsi i s  expressed  i n  metres  (m ) .  

NOTE  2  When  i t  occu rs  beyond  the  break-point  depth ,  th i s  depth  i s  equ i val en t  to  the  depth  for  maximum  sii,  z
sii
 

(see  3 . 74) .  

NOTE  3  Depth  for  maximum  sppsi  i s  termed  "depth  for  peak sum  of  pu l se- i n tens i ty  i n tegral s"  i n   
I EC  60601 -2-37: 2007+IEC 60601 -2-37:2007/AMD1 :201 5.  

3.77   
depth  for  maximum sppsiα  
zsppsi,α  
depth  z  on  the  beam  axis  of  maximum  sum  of  attenuated  pu lse-pressure-squared  
in teg rals  

NOTE  1  Depth  for  maximum  sppsi
α  
i s  expressed  i n  metres  (m ) .  

NOTE  2  When  i t  occu rs  beyond  the  break-poin t  depth ,  th i s  depth  i s  equ i valen t  to  the  depth  for  maximum  sii
α

,  

z
si i , α  

 (see  3 . 75) .  
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NOTE  3  Depth  for  maximum  sppsi
α
 i s  termed  "depth  for  peak sum  of  attenuated  pu l se- i n tens i ty  i n teg ral s"  i n  

I EC  60601 -2-37:2007+IEC 60601 -2-37:2007/AMD1 :201 5.  

3.78    
pu lse-average in tensi ty  
Ipa  
quoti ent  of  the  pulse-in tensi ty in teg ral  to  the  pulse  du ration  at  a  particu lar poin t  i n  an  
acoustic  f i e ld  

NOTE  1  Th i s  defi n i t i on  appl i es  to  pu l ses  and  bu rsts .  

NOTE  2  Pu lse-average i n tensi ty i s  expressed  i n  watts  per square  metre  (Wm –2 ) .  

[I EC  621 27-1 :2007+IEC  621 27-1 :2007/AMD1 :201 3,  3 . 47]  

3.79    
scan  in tensi ty i n tegral  
sii 

sum  of  the  pu lse in tensi ty in teg rals  i n  one  scan  (one  frame of  u l trasonic scan  l i nes)  at  
depth  z  i n  the  acoustic  f i e l d  

NOTE  1  Scan  i n tensi ty i n tegral  i s  expressed  i n  j ou l es  per square  metre  (Jm –2 ) .  

NOTE  2  For measurement  pu rposes  of  th i s  s tandard ,  sii  i s  equ i val en t  to  1 /(ρc)  t imes  the  sum  of  pu lse-pressure-

squared  i n teg ral  at  depth  z where  ρc  i s  the  characteri st i c  acoust i c  impedance  of  pu re  water.  

3.80    
scan  repeti tion  rate  
srr 

i nverse  of  the  scan  repeti tion  period  (see  3. 50)  

NOTE  Scan  repeti ti on  rate  i s  expressed  i n  hertz  (Hz) .  

3.81    
spatial -peak pu lse-average in tensi ty  
Isppa(z)  
maximum  value  of  the  pulse-average in tensi ty  on  a  plane  perpend icu lar  to  the  beam  axis  at  
a  speci f ied  d is tance  z  from  the  source,  and  g i ven  by 

 ( )
( )

( )z
zt

zI pii
d

sppa

1
=  

 
(29)  

where  

td(z)  i s  the  pu lse du ration  at  the  same depth  z;  

pii(z)   i s  the  pu lse-in tensi ty in teg ral  at  depth  z  

NOTE  1  Spati al -peak pu lse-average i n tensi ty i s  expressed  i n  watts  per square  metre  (Wm –2 ) .  

NOTE  2  For measurement  pu rposes  of  th i s  s tandard ,  pii(z)  i s  equ i val en t  to  1 /(ρc)  t imes  the  pu lse-pressure-

squared  i n tegral  at  depth  z,  ppsi(z) ,  for z  ≥  z
bp
,  wi th  ρc  d enoti ng  the  characteri st i c  acoust i c  impedance  of  pu re  

water.  

NOTE  3  See  I EC  621 27-1 :2007,  3 . 60,  wh i ch  has  been  mod i f i ed  to  speci fy  the  perpend i cu lar p lane  at  depth  z.  
Equati on  (29)  and  Note  2  have  been  added ,  i n  accordance  wi th  I EC  621 27-1 : 2007,  Equati on  (1 5 ) .  

3.82    
sum  of  attenuated  pu lse-pressure-squared  in teg rals  
sppsiα(z)  
sum  of  the  attenuated  pu lse-pressure-squared  in tegrals  i n  one  scan  (one  frame of  
ul trason ic scan  l ines )  at  depth  z  

NOTE  1  Sum  of attenuated  pu lse-pressure-squared  i n teg rals  i s  expressed  i n  pascal  squared  seconds  (Pa2s) .  
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NOTE  2  Cl osely  re l ated  to  the  attenuated  scan  i n tensi ty i n tegral ,  see  3 . 64.  

NOTE  3  The  sum  of  attenuated  pu lse-pressure-squared  i n tegrals  at  depth  z  wi l l  be  equal  to  the  attenuated  
sum  of pu lse-pressure-squared  i n teg rals  at  depth  z i f  each  u l trasonic  scan  l i ne  i n  the  frame wh ich  i s  i ncl uded  
i n  the  sum  has  the  same  acoustic  working  frequency.  

3.83    
sum  of  pu lse-pressure-squared  in teg rals  
sppsi(z)  
sum  of  pulse-pressure-squared  in teg rals  i n  one  scan  (one  frame of  u l trasonic scan  l ines)  
at  depth  z  

NOTE  1  Sum  of pu lse-pressure-squared  i n tegral s  i s  expressed  i n  pascal  squared  seconds  (Pa2s ) .  

NOTE  2  The  sppsi  at  depth  z  may al so  be  referred  to  as  the  scan  pu l se  pressure  squared  i n tegral  and  i s  
proport i onal  to  the  scan  i n tensi ty i n tegral  for  z  ≥  z

bp
.  

4 List  of  symbols  

a  acoustic  attenuation  coefficient   

Ab(z)  beam  area  

Aeq (z)  equ ivalent  beam  area  

Aob  output  beam  area  

Asa  scanned  aperture  area  

arp  acoustic  repeti t ion  period  

CMI normal i zi ng  coeff ici ent  

CTIS, 1  normal i zi ng  coeff ici ent   

CTIS,2  normal i zi ng  coeffici ent  

CTIB, 1  normal i zi ng  coeff ici ent  

CTIB,2  normal i zi ng  coeff ici ent  

CTIC normal i zi ng  coeff ici ent  

CK  normal i zi ng  coeff ici ent  

Csb  normal i zi ng  coeff ici ent  

d6  –6  dB  beam  d iameter  

Deq  equ ivalent  aperture  d iameter  

deq (z)   equ ivalent  beam  d iameter  

fawf   acoustic  working  frequency 

Ita  temporal -average in tensi ty  

Ita ,a(z)  attenuated  temporal -average  in tensi ty 

Isata  spatial -average temporal -average in tensi ty  

Isata,a(z)  attenuated  spatial -average  temporal -average  in tens i ty 

Isppa  spatial -peak pu lse-average in tensi ty  

Isppa , α  attenuated  spatial -peak pu lse-average in tensi ty 

Ispta  spatial -peak temporal -average in tensi ty  

Ispta,a(z)  attenuated  spatial -peak temporal -average in tensi ty  

Ita  temporal -average in tensi ty  

K thermal  conducti vi ty  

MI mechanical  i ndex 

µ0    acoustic  absorption  coeffi cient  
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P  output  power 

Pa(z)  attenuated  output  power 

P1 x1    bounded-square ou tput  power 

P1 x1 ,a  (z)   attenuated  bounded-square  output  power 

pii pulse- intensi ty in teg ral  

piia(z)  attenuated  pu lse-intensi ty in teg ral  

Pp  power parameter 

ppsiα  attenuated  pu lse-pressure-squared  in tegral  

ppsi(z)  pulse-pressure-squared  in teg ral  

pr  peak-rarefactional  acoustic  pressure  

pr,a(z)  attenuated  peak-rarefactional  acoustic  pressure  

prp  pulse  repeti tion  period  

prr  pulse  repeti tion  rate  

sii scan  i n tensi ty i n tegral  

siiα  attenuated  scan  in tensi ty in teg ral  

sppsi sum  of  pu lse-pressure-squared  in teg rals  

sαppsi attenuated  sum  of  pu lse-pressure-squared  in teg rals  

sppsiα  sum  of  attenuated  pu lse-pressure-squared  in teg rals  

srp  scan  repeti tion  period  

srr scan  repeti tion  rate  

TI thermal  i ndex 

TIB bone thermal  index 

TICsc  bone  thermal  index  at-surface,  scann ing   

TICns  bone  thermal  index  at  su rface,  non-scann ing   

TIBbs,sc  bone  thermal  index  be low su rface,  scann ing   

TIBbs, ns  bone  thermal  index  be low su rface,  non-scann ing   

TIC cran ial -bone thermal  i ndex 

TIS soft  t i ssue thermal  i ndex 

TISas,sc  soft  t i ssue  thermal  i ndex  at-surface,  scann ing   

TISas, ns  soft  t i ssue  thermal  i ndex  at  su rface,  non -scann ing   

TISbs,sc  soft  t i ssue  thermal  i ndex  below surface,  scann ing   

TISbs, ns  soft  t i ssue  thermal  i ndex  below surface,  non-scann ing   

td  pulse  duration  

w6 ,  w1 2 ,  w20  beamwidth  

Xob  ,  Yob  output  beam  d imensions  

z   d istance  from  the  external  transducer aperture  to  a  speci fi ed  po in t  

zb, ns     depth  for  TIB  below surface  for  non-  scanned  modes  

zbp  break-point  depth  

zpii depth  for  maximum pii  

zpii, α  depth  for  maximum piiα  

zppsi  depth  for  maximum ppsi  

zppsi, α  depth  for  maximum ppsiα  

zMI depth  for  MI  
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zsii  depth  for  maximum sii  

zsii, α  depth  for  maximum siiα  

zs, ns     depth  for  TIS  below surface  for  non -  scanned  modes  

zsppa,max  depth  for  maximum Isppa  

zsppa ,α,max  depth  for  maximum Isppa ,α  

zspta,max  depth  for  maximum Ispta  

zspta,α,max  depth  for  maximum  Ispta,α  

zsppsi  depth  for  maximum  sppsi  

zsppsi, α  depth  for  maximum sppsiα  

5 Test  methods for determining  the mechanical  index  and  the thermal  index 

5. 1  General  

This  clause  def ines  methods  for determ in ing  an  exposure  parameter re lati ng  to  temperatu re  
rise  i n  theoretical  t i ssue-equ ivalent  models,  and  also  an  exposure  parameter for non- thermal  
effects.  These  exposure  parameters,  referred  to  as  i nd ices,  are  re lated  to  the  safe  use  of   
med ical  d iagnostic  u l trasonic  equ ipment .  The  i nd ices  are  i n tended  to  be  used  i n  
IEC  60601 -2-37.  

These  i nd ices  shal l  be  determ ined  i n  accordance  wi th  5 . 2  to  5. 5  for a  particu lar u l trason ic  
f i e l d  conf igurati on  generated  by a  discrete-operating  mode  o f  speci f i c  med ical  d iagnostic  
u l trason ic  equ ipment .  For combined-operating  modes ,  the  procedures  speci f i ed  i n  5 . 6  
shal l  be  used .  Background  material  i s  g i ven  i n  Annex A.  “Rationale  and  derivation”.   

Acoustic  ou tpu t  measurements  shal l  be  undertaken  usi ng  test  methods  based  on  the  use  of  
h ydrophones  i n  accordance  wi th  I EC  621 27-1  or  the  use  of  rad iati on  force  balances  for power 
measurements  in  accordance  wi th  I EC  61 1 61 .  Al l  such  measurements  shal l  be  made in  water 
(see  also  Annex B) .  The  measurement  uncertai n ty i s  to  be  determ ined  by fo l lowing  [ 9] .  

I n  al l  cases  where  bounded-square output  power  i s  determ ined,  the  l ocation  of  the  
bound ing  mask or equ ivalent  means  (see  Annex B)  shal l  be  such  as  to  determ ine  the  l argest  
value.  

The  value  of  the  acoustic  attenuation  coefficien t  shal l  be  0 , 3  dB  cm–1  MHz–1 .  Th is  value  i s  
se lected  as  an  appropriate  attenuati ng  coeff ic ient  for  a  homogeneous  model  i n tended  to  be  
equ ivalent  to  the  attenuati on  in  reasonable  worst-case  cond i t i ons  of  cl i n ical  use.   

The output beam area  may be determined by using  a l ine scanning  or a raster-scanning  hydrophone.  
I f the output beam  area is  expected to be circular i t may be sufficient to measure the w20  beamwidth  
along  the x and y axes.  I f  the  beamwidths are equal  with in  5 %,  then also measure the diagonal  

widths of the aperture at ±  45°  to the x axis.  I f the diagonal  widths are also with in  5 %,  then the 
symmetry is circular for present purposes.  I f the diagonal  widths differ by more than 5 % compared to 
the x or y widths,  the symmetry is not circular and measurements may be performed by raster 
scanning,  but not l ine scanning.  See IEC 61 828 for more.   

NOTE  1  Temperature  r i se  i n  t i ssue  due  to  transducer su rface  sel f-heati ng  has  not  been  taken  i n to  account  i n  the  
determ inati on  of  the  thermal  i ndex [ 1 0] .  See  Annex C.  

NOTE  2  The  attenuati on  model  u sed  i s  not  always  appl i cable.  Recent  l i teratu re  suggests  that  sometimes  other 
models  shou ld  be  used  [ 1 1 ] .  See  Annex D  for  more  d i scuss ion .  

NOTE  3  See  Annex D  for  more  d i scuss ion  of  ‘ reasonable  worst  case’ .  

NOTE  4  Bas i c  S I  un i ts  have  been  speci f i ed  i n  Clause  3 .  The  express ions  i n  the  fo l l owing  c lauses  and  annexes  
were  formu lated  us i ng ,  e . g .  cen timetres  (cm ) ,  m i l l iwatts  (mW),  and  megahertz  (MHz)  
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5.2  Determination  of  mechanical  index 

5.2. 1  Determination  of  attenuated  peak-rarefactional  acoustic  pressure  

The calcu lat ion  of  mechanical  index requ i res  determ inati on  of  the  value  of  the  attenuated  
peak-rarefactional  acoustic  pressure at the  l ocation  of  the  maximum  attenuated  pu lse-
intensi ty i n tegral  (zpii, α) .  Th is  l ocation  shou ld  be  determ ined  accord ing  to  the  procedures  set  
ou t  i n  I EC  621 27-1  for  the  l ocation  of  peak pulse-pressure-squared  in teg ral ,  wi th  the  
add i t i on  that  for al l  measurement l ocations  an  acoustic  attenuation  coefficient  shal l  be  
appl ied  to  the  pu lse-pressure-squared  in teg ral .   

5.2.2  Calcu lation  of mechan ical  index 

The mechan ical  index shal l  be  calcu lated ,  at  depth  zMI,  from  the  expression  as  defi ned  under 
3 . 32:  

    

1 /2

awfαr,

MIC

fp
MI

−⋅
=  (1 1 )  

where  

CMI =  1  MPa MHz
- 1 /2  

pr, α(zMI)   i s   the  attenuated  peak-rarefactional  acoustic  pressure  at  the  depth  zMI  

fawf    i s  the  acoustic-working  frequency.  

5.3  Determination  of  thermal  index – general  

The method  of  determ ination  of  the  thermal  i ndex depends  on  the  t i ssue  model  be ing  
assumed  (TIS,  TIB  or  TIC t i ssue  model )  and,  for  the  TIS  and  TIB  models,  i t  requ i res  the  
calcu lat i on  of  ‘at  surface’  and  ‘below surface’  values  and  taking  the  l arger.  For combined-
operating  modes ,  ‘ at  su rface’  and  ‘below surface’  contri bu tions  from  scann ing  modes and  
non-scann ing  modes  are  calcu lated  and  summed,  the  d isplayed  TI  be ing  the  l arger  sum .  

The determ ination  methods  for these  ‘at  surface’ ,  ‘ be low su rface’ ,  ‘ scann ing ’  and  ‘ non -
scann ing ’  componen ts  are  described  i n  the  fo l l owing  secti ons .   

NOTE  1  The  thermal  i n d i ces  are  s teady s tate  estimates  based  on  the  acousti c  output  power  requ i red  to  produce  
a  1  °C  temperatu re  r i se  i n  t i ssue  con form ing  to  the  “homogeneous  t i ssue  0 , 3  dBcm

- 1
MHz

- 1
 at tenuati on  model ”  [1 ]  

and  may not  be  appropriate  for  rad iati on  force  imag ing ,  or  s im i l ar  techn iques  that  employ pu l ses  or  pu l se  bu rsts  of  
su ff i ci en t  du rati on  to  create  a  s i gn i f i can t  trans ien t  temperatu re  ri se.  [2 ] .  

NOTE  2  At  present  the  heat  conducti on  from  transducer su rface  i s  not  evaluated  nor i ncl uded  i n  the  methods  for  
determ in i ng  the  exposu re  parameters.  See  Annex C.  

5.4  Determination  of  thermal  index in  non-scann ing  mode  

5.4. 1  Determination  of  soft  t i ssue thermal  index for non-scann ing  modes  

5.4. 1 .1  Determination  of  soft  t i ssue thermal  index at-surface for non-scanning  
modes,  TISas,ns  

For each  transmit  pattern  i n  a  non-scanning  mode  the  soft  t i ssue thermal  i ndex  at-
surface  for  a  non-scann ing  mode ,  TISas , ns ,  shal l  be  calcu lated  from :  

 

1,

awf11
nsas,

TIS

x

C

fP
TIS =  (1 2)  

where  

CTIS, 1  =  21 0  mW MHz;  

P1 x1    i s  the  bounded-square  output  power;  

fawf    i s  the  acoustic  working  frequency.  
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5.4. 1 .2  Determination  of  soft  t i ssue thermal  index TIS  below-surface for  non-
scanning  modes,  TISbs,ns  

For each  transmit  pattern  i n  a  non-scann ing  mode,  the  depth  for TIS,  zs , ns ,  shal l  be   
determ ined  by the  range  along  the  beam  axis  to  the  plane  at  wh ich  the  l ower value  of  the  
attenuated  output  power and  the  product  of  the  attenuated  spatial -peak temporal -average  
in tensi ty mul ti pl ied  by 1  cm

2
 i s  maxim ized .  The  pos i t i on  of  the  maximum  value  of  th is  

parameter,  for  z  ≥  zbp,  shal l  be  zs , ns .  

 

 [ ( ) ( )( ) ]zPzIz
αα

,cm1minmaxofdepth 2

,sptanss, ×=  (1 3)  

NOTE  See  Annex A for  d i scuss ion  of  the  zs ,ns  ≥  zbp  convent i on .  

For each  transmit  pattern  i n  a  non-scanning  mode  the  soft  t issue thermal  index  be low 
surface  for  a  non-scann ing  mode ,  TISbs , ns ,  shal l  be  calcu lated  from :  

 
( )

,1

awfnss,

nsbs,

TIS

α

C

fzP
TIS =  (1 4)  

or 

 
( )

,2

awfnss, ,spta

nsbs,

TIS

α

C

fzI
TIS =  (1 5)  

wh ichever  yi e l ds  the  smal ler  value,   

where  

CTIS, 1  =  21 0  mW MHz;   

CTIS,2  = 21 0  mW cm
-2
 MHz;  

Pa  (zs ,ns)  i s  the  attenuated  output  power  at  zs ,ns ,  the  depth  for TIS  

fawf   i s  the  acoustic  working  frequency;  

Ispta ,a(zs, ns)  i s  the  attenuated  spatial -peak temporal -average  i n tens i ty at  zs , ns ,  the  depth  for  
TIS.  

NOTE  As  TISbs, ns  i s  to  be  determ ined  on  the  beam  axi s ,  Ispta(z) ,  may be  approximated  by taki ng  the  Ita(z)  val ue  
on  the  beam  axi s .  

Thus,  TISbs, ns  i s  determ ined  at  depth  zs, ns  from :           

  

 
( ) ( )









=

2,

awfnss,spta,

1,

awfnss,

nsbs, ,min
TISTIS C

fzI

C

fzP
TIS

aa
 (1 6)  

 [see  Table  A. 2  “B” ]  

5.4.2  Determination  of  bone  thermal  i ndex,  TIB,  for  non-scann ing  modes  

5.4.2.1  Determination  of  bone  thermal  i ndex at  surface  for non-scann ing  modes,  
TICns  

For each  transmit  pattern  i n  a  non-scanning  mode ,  the  (cran ial )  bone thermal  i ndex  at-
su rface  shal l  be  calcu lated  from :   
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TICC

DP
TIC

eq
ns

/
=  (  1 7)  

where  

CTIC   =   40  mW cm
- 1
;  

P     i s  the  output  power ;  

Deq    i s  the  equ ivalent  aperture d iameter;  calcu lati on  for non-scann ing  modes  as   
 described  i n  3 . 28  us i ng  the  output  beam  area Aob .  

NOTE   TIC
ns
 appl i es  to  the  bone-at-su rface  case  for  non-scanning  modes .  

5.4.2.2  Determination  of  bone  thermal  i ndex below-surface  for non-scanning  modes,  
TIBbs, ns  

For each  transmit  pattern  i n  a  non-scann ing  mode,  the  depth  for TIB  shal l  be  determ ined  
from  the  dependence,  on  d is tance,  of  the  product  of  the  attenuated  ou tput  power and  the  
attenuated  spatial -peak temporal -average in tensi ty,  or  equ ivalentl y the  square  root  of  th is  
product.  The  pos i t i on  of  the  maximum  value  of  th i s  product,  for  depths  >=  zbp ,  shal l  determ ine  
zb, ns .   
     

 ( ) ( )( )zIzPz
αα ,sptansb, maxofdepth ×=   (1 8)  

NOTE  1  See  Annex A for  d i scuss ion  of  the  zb, ns  ≥  zbp  conven ti on .  

The  bone thermal  index  be low-surface  for non-scanning  mode ,  TIBbs, ns ,  shal l  be  calcu lated  
from :  

 
( ) ( )

,1

nsb,spta,nsb,

nsbs,

TIBC

zIzP
TIB

aa
=  (1 9)  

or  

 
( )

,2

nsb,

nsbs,

TIBC

zP
TIB

a=  (20)  

wh ichever  yie lds  the  smal lest  value;   

where  

CTIB , 1   =  50  mW cm
- 1
;  

CTIB , 2   =  4, 4  mW;  

Pα(zb, ns)   i s  the  attenuated  outpu t  power  at  the  depth  for  TIB;  

Ispta ,  α  (zb, ns)  i s  the  attenuated  spatial -peak temporal -average in tensi ty  at  the  depth  for 
TIB.   

NOTE  As  TIBbs, ns  i s  to  be  determ ined  on  the  beam  axi s ,  Ispta(z) ,  may be  approximated  by taki ng  the  Ita(z)  val ue  
on  the  beam  axi s .  

Thus,  TIBbs , ns  i s  determ ined  at  depth  zb , ns  from :           

 

 
( ) ( ) ( )












=

2

nsb,

1

nsb,spta,nsb,

nsbs, ,min
TIB,TIB, C

zP

C

zIzP
TIB

aaa
 (21 )  



IEC  62359:201 0+AMD1 :201 7  CSV  – 33  – 

  I EC  201 7  

[see  Table  A. 2  “D1 ”]  

5.5  Determination  of  thermal  index in  scann ing  modes 

5.5. 1  Determination  of  soft  t i ssue thermal  index for scanning  modes  

5.5. 1 .1  Determination  of  soft  t i ssue  thermal  index at-surface  for scanning  modes,  
TISas,sc  

For each  transmit  pattern  i n  a  scanning  mode ,  the  soft  t i ssue thermal  i ndex  at-surface  
shal l  be  calcu lated  from :  

 

1

awf
scas,

 

TIS,C

fP
TIS 1 x1=  (22)  

where   

CTIS, 1   =  21 0  mW MHz;   

P1 x1   i s  the  bounded-square-output-power (z = 0) ;  

fawf    i s  the  acoustic  working  frequency.  

5.5.1 .2  Determination  of  soft  t i ssue thermal  index below-surface for scanning  
modes,  TISbs,sc  

For each  transmit  pattern  i n  a  scann ing  mode  the  soft  t issue thermal  index  be low-surface  
for a  scann ing  mode ,  TISbs, sc ,  shal l  be  calcu lated  from :  

 

,1

awf
scas,scbs,

 

TISC

fP
TISTIS 1 x1==  (23)  

[see  Table  A. 2  “B2”]  

5.5.2  Determination  of  bone thermal  i ndex for scanning  modes  

5.5.2.1  Determination  of  bone  thermal  i ndex at  su rface  for scanning  modes,   
TICsc   

The determ inati on  of  the  bone  thermal  index  at-surface  for scanning  modes  shal l  be  
i dentical  to  that  for  bone thermal  index  at-surface  for  non-scann ing  modes ,  as  speci fi ed  i n  
5. 4. 2 . 1 ,  except  that  Deq  i s  calcu lated  by us i ng  the  scanned  apertu re area  Asa  as  described  i n  
3 . 28.  

   

        
TICC

DP
TIC

eq
sc

/
=  (24)  

where  

CTIC   =  40  mW  cm
- 1
;  

P   i s  the  output  power ;  

Deq    i s  the  equ ivalent  apertu re  d iameter;  calcu lat ion  for  scann ing  modes as  described  i n  
3 . 28  us ing  the  scanned  aperture  area  Asa .  

NOTE  TIC
sc
 appl i es  to  the  bone-at-su rface  case  for  scanning  modes.  

5.5.2.2  Determination  of  bone thermal  i ndex below-surface  for scanning  mode,  
TIBbs,sc  

The bone thermal  i ndex  be low-surface,  TIBbs, sc ,  shal l  be  calcu lated  from :   
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1

awf
scas,scbs,

C

 

TIS

fP
TISTIB 1 x1==  (25)  

where  

CTIS, 1  =  21 0  mW  MHz;   

P1 x1   i s  the  bounded-square-output-power (z =  0) ;  

fawf    i s  the  acoustic  working  frequency.  

[see  Table  A. 2  “D . 2”]   

5.6  Calcu lations for  combined-operating  mode  

5.6. 1  Acoustic  working  frequency 

I n  a combined-operating  mode  wi th  more  than  one  type  of  transmit  pattern  employed  
during  the  scan  period ,  the  acoustic  working  frequency  shal l  be  cons idered  separate l y 
for  each  d i fferen t  transmit  pattern  as  appropriate  i n  calcu lati ng  the  thermal  i ndex  or  the  
mechanical  i ndex .  

5.6.2  Thermal  index 

For combined-operating  modes ,  the  at-surface  and  the  below-surface  thermal  index 
con tribu tions  for  each  discrete-operating  mode  shal l  be  calcu lated  separatel y and  the  
i nd i vi dual  values  summed  appropriate l y,  as  shown  in  Table  1 .  For TIC the location  of the 
maximum temperature increase is  near the surface of the transducer assembly .  For TIB  the 
location  of the maximum temperature increase depends on  whether (as shown in  Table 1 )  the at-
surface TIS-summation  or the below-surface TIB-summation  is  larger.  In  the latter case,  choose zb  

as the depth  corresponding  to the non-scanning  mode,  TIBbs, ns  ,  since the scanning  mode 
contribution  to  TIBbs  i s  estimated  from  the at-surface value.  For TIS  the location  of the maximum 
temperature increase depends on  the combination  process.  TIS  shal l  be the summation  of at-
surface TISas  contributions  for al l  modes,  or the summation  of below-surface TISbs  contributions for 
al l  modes,  whichever is  the larger.  I f  the at-surface TIS-summation  is  larger,  zs  is  equal  to  0.  I f  the 
below-surface TIS-summation  is  larger choose zs  as the depth  corresponding  to  the non-scanning  
mode,  TISbs, ns ,  since the scanning  mode contribution  to  TISbs  is  estimated  from  the at-surface 
value.  Table  1  summarizes  the  combination  formu lae  for each  of  the  thermal  index  
categories.  
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Table  1  – Summary of combination  formulae  for each  of the  THERMAL INDEX categories  

Thermal  
index 

categories 

Combinations of discrete mode values of thermal  index 

[equations for each discrete mode are shown in  Tables A.2]  

TIC  +=

− TPsscannedTPsscannednon

Modes

Discrete

TICTICTIC

_

sc

_

nsas  

TIB  

 


















Modes

Discrete

Modes

Discrete

TIBTIS bsas ,Max  

 =  













+ 

−− TPsscannednonTPsscannednonTPsscanned

TIBTISTIS

_

nsbs,

_

nsas,

_

as,sc ,Max  

TIS  


















Modes

Discrete

Modes

Discrete

TISTIS bsas ,Max  

 =  













+ 

−− TPsscannednonTPsscannednonTPsscanned

TISTISTIS

_

nsbs,

_

nsas,

_

as,sc ,Max  

NOTE ‘scanned_TPs’ means Scanned Transmit Patterns  e.g.  B mode,  Color Mode 
‘non-scanned_TPs’ means Non-Scanned Transmit Patterns  e. g.  Pulsed  Doppler,  CW,  M 

 

5.6.3  Mechan ical  index 

For combined-operating  modes ,  th e  mechan ical  index  sh al l  be  th at for th e  d i screte-
operating  mode  wi th  th e  l arg est mechan ical  index .  

5.7  Summary of measured  quanti ties  for i ndex determination  

Tabl e  2  g i ves  a  su m m ary of th e  acou sti c q u an ti ti es  req u i red  for th e  d eterm i n ati on  of each  of 
th e  d efi n ed  safety-rel ated  i n d i ces.  S i n ce  atten u ated  q u an ti ti es  are  d eri ved  b y ca l cu l ati on  from  
associ ated  m easu red  free-fi e l d  q u an ti ti es,  both  atten u ated  an d  free-fi e l d  q u an ti ti es  are  
i n cl u d ed .  
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Table  2  – Summary of  the acoustic  quanti ti es  requ ired  
for  the determination  of  the  i nd ices  

Index MI TISas    

(at  su rface)  

TISbs  

 (below surface) 

TIBbs   

(below surface) 

TIC 

(at surface) 

Mode   

Scanning   

and   

non-scanning  

Scanning  

  

(=TISas,sc)  

non-
scanning  

Scanning  

 

(=  TISas,sc)  

non-
scanning  

Scanning   

and   

non-scanning  

fawf  at zpii  x  x  x  x  x  x   

P       x  

P1 x1   x  x   x    

Pa     x   x   

Ispta ,a     x   x   

pii  x    x   x   

piia  x    x   x   

pr ,a  x       

deq       x   

Deq        x  

zbp  x    x   x   

zs ,ns      x     

zb ,ns        x   

zMI x       

zpii  x   x   x   
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Annex A 
( in formative)  

 
 Rationale  and  derivation  of index models  

 

A.1  Overview  

This  annex provides  i n  summary a  rati onale  and  derivation  gu i dance  for the  formu las  
presented  in  the  body of  th is  s tandard  for  mechanical  index  and  thermal  index .  Numerous  
references  are  made to  the  root  publ ications  from  wh ich  the  formu las  were  deri ved .  As  wi l l  be  
d iscussed  i n  the  deri vati on  notes  that  fo l l ow,  key parts  of  the  MI and  TI models  re l y on  
experimental  data.  Th is  annex does  not  attempt to  do  more  than  describe  re levant  resu l ts  of  
the  experiments.  A thorough  read ing  of  the  referenced  papers  i s  s trong ly recommended  i n  
order  to  obtain  a fu l l  u nderstand ing  of  the  model  derivation  notes  presen ted  herein .  

The  re lationsh ip  of  vari ous  acoustic  ou tpu t  parameters  ( for  example,  acoustic  i n tens i ty,  
pressure,  power,  etc. )  to  b io log ical  endpoin ts  i s  not  wel l  u nderstood  at  the  presen t  t ime.  
Evidence  to  date  has  i den ti f i ed  two  fundamental  mechan isms,  thermal  and  mechan ical ,  by 
wh ich  u l trasound  may induce  b io-effects  [ 1 2, 1 3] .  Th is  standard  provides  a un i form  means  for  
the  calcu lation  of  acoustic  ou tpu t  parameters  re levant  to  these  potential  b io log ical  effects.  
The  rati onale  beh ind  these  calcu lat i on  methods  i s  twofo ld :  

a)  that  i n formation  be  provided  that  i s  represen tati ve  of  what  i s  occurri ng  in vivo  wi th  regard  
to  mechan ical  and  thermal  b i o-effects.  I t  i s  for  th is  reason  that  i n d ices  were  chosen  as  
opposed  to  absolu te  quanti ti es  not  shown  to  have  a  d i rect  corre lati on  to  bi o -effects;  

b)  that  u l trason ical l y i nduced  heati ng  and  acoustic  pressu re  l evels  shou ld  be  main tained  at  a  
l evel  as  l ow as  practical  wh i l e  st i l l  provid ing  acceptable  d iagnostic  i n formation  ( the 
"ALARA Principle") .  

A.2  General  rationale  

A.2. 1  Rationale  for attenuation  coeffi cient  of  the  t issue path  used  

The  absorption  coefficient  o f  typical  soft  t i ssue  i s  0 , 87  dB  cm
–1
 MHz

–1
.  S ince  the  

attenuation  coefficient  i ncludes  scatteri ng  and  d i ffus ion  as  wel l  as  absorpti on ,  the  
attenuation  coeffi cient  i s  always  g reater than  the  absorption  coefficient  for  the  same 
ti ssue  and  cond i t ions.  However,  the  attenuation  coefficient  o f  0 , 3  dB cm

–1
 MHz

–1  
i s  

frequentl y used  to  provide  a  conservative   safety marg in  when  model l i ng  the  attenuation  of  
the  sound  path  reach ing  a target  t i ssue.  

The  choice  of  a  homogeneous  t i ssue  path  to  the  reg ion  of  i n terest  and  an  acoustic  
attenuation  coeffi cient  of  0 , 3  dB  cm

–1
 MHz

–1
 i s  a  comprom ise.  Other attenuati on  models  

were  evaluated  and  re jected ,  such  as  f i xed  d istance  models  [ 1 4]  and  the  use  of  a  
homogeneous  t i ssue  model  wi th  an  attenuation  coeff ic i en t  of  0 , 5  dB  cm

–1
 MHz

–1
,  a  value  more  

representati ve  of  many rad io log ical  and  card iac imag ing  appl ications .  However,  use  of  more  
than  one  attenuati on  model  wou ld  en tai l  an  i ncrease  i n  equipment  complexi ty and  cou ld  
create  a fu rther need  for user i npu t  to  se lect  appropriate  attenuati on  schemes.  Wi th  the  
se lected  comprom ise  i n  the  attenuation  model ,  the  mechan ical  i ndex and  thermal  index are  
s imple  to  implement  and  use  and ,  most  importan tl y,  are  su ffi cient  to  al l ow users  to  m in im ize  
acoustic  ou tpu t  and  any correspond ing  poten tial  mechan ical  or  thermal  b io -effects.  

A.2.2  Thermal   properties  of  t issue used  in  calcu lation  of  the thermal  i ndex   

The rat i onale  re lated  to  t i ssue  propert ies  used  i n  the  determ inati on  of  the  thermal  index  (TI)  
i s  g i ven  i n  [1 4, 22,Error!  Bookmark not  defined . , 26] .  

A.2.3  Mechan ical  propert ies  of  t i ssue used  in  calcu lation  of  the  mechan ical  index 
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The  rat ionale  re lated  to  t i ssue  properties  used  i n  the  determ inati on  of  the  mechanical  index  
(MI)  i s  g i ven  i n  [21 , 22, 24,26] .  

A.3  Mechanical  index (MI)  

A.3. 1  Rationale    

A mechan ical  index  i s  se lected  as  a value  to  be  calcu lated  as  an  i nd icator re lated  to  
mechan ical  effects.  The  i ndex  i s  i n tended  to  est imate  the  potential  for  mechan ical  b i o-effects.  
Examples  of  mechan ical  effects  i ncl ude  motion  (or stream ing )  around  compressible  gas  
bubbles  as  u l trasound  pressure  waves  pass  th rough  t i ssues,  and  energy re leased  i n  the  
i nert ial  co l l apse,  i . e . ,  cavi tation ,  of  m icrometer-s i zed  gas  bubbles .  

Wh i le  no  adverse  mechan ical  b i o-effects  i n  humans  have  been  reported  to  date  from  
exposure  to  u l trasound  ou tpu t  l eve ls  typical  of  med ical  d iagnostic  u l trasonic  equ ipment ,  
several  observations  have  contri bu ted  to  the  development of  the  mechan ical  index .  

– I n  l i thotri psy,  mechan ical  bi o-effects  are  i nduced  by u l trasound  wi th  peak pressures  in  the  
same range  as  those  that  are  sometimes  used  i n  d iagnostic  imag ing ,  albei t  at  s i gn i f ican tl y  
l ower frequencies.  

–  In vitro  experiments  and  observati ons  wi th  l ower organ isms  have  demonstrated  the  
poss ibi l i ty of  cavi tation  at  u l trasound  peak pressures  and  frequencies  in  ranges  u t i l i zed  by 
some  medical  d iagnostic  u l trasonic  equ ipment  [ 1 5] .  

– Lung  haemorrhage  has  been  demonstrated  i n  several  l aboratory an imal  models  exposed  
to  l evels  of  pu lsed  u l trasound  s im i lar to  those  used  i n  med ical  d iagnostic  u l trasonic  
equ ipment.  Al though  th i s  effect  has  been  demonstrated  i n  j uven i l e  and  adu l t  an imals ,  
s im i lar  effects  have  not  been  found  i n  foetuses  [ 1 6, 1 7] .  

A.3.2  Derivation  notes  

The cond i t i ons  that  affect  the  l i kel i hood  of  mechan ical  effects  are  not  yet  wel l  u nderstood;  
however,  i t  i s  general l y agreed  that  the  l ikel i hood  i ncreases  as  peak-rarefactional  acoustic  
pressure  i ncreases,  and  decreases  as  the  u l trasound  frequency i ncreases .  Fu rther,  i t  i s  
general l y be l i eved  to  be  a  th reshold  effect,  such  that  no  effect  occurs  un less  a  certain  ou tpu t  
l evel  i s  exceeded  [ 1 8, 1 9, 20] .  

Wh i le  the  exis ting  l im i ted  experimental  data  [ 21 ]  suggest  a  l i near frequency re lat ionsh ip,  a  
more  conservati ve  root- frequency re lati onsh ip  was  se lected.  The  mechanical  i ndex  i s  
def ined  as  i n  3 . 32  as  

 
( )

   

1 /2

awfr,

MI

MIα

C

fzp
MI

−×
=  (A.1 )  

where  

CMI =  1  MPa MHz
- 1 /2  

pr ,α(zMI)   i s   the  attenuated  peak-rarefactional  acoustic  pressure  at  the  depth  zMI  

zMI   i s  the  depth  for MI  

fawf  i s  the  acoustic-working  frequency.  

The  conven ti on  adopted  i n  [ 22]  and  con tinued  here  i s  to  use  the  pr ,α  value  determ ined  at  the  
pos i t ion  on  the  beam  axi s  of  maximum  attenuated  pu lse-intensi ty in teg ral ,  zMI.  The  i n ten t  i s  
to  reduce  measu rement  bu rden ,  as  the  pos i t ion  and  value  of  pr ,α(zMI)  i s  assumed  to  be  c lose  
to  the  pos i t i on  and  value  of  the  maximum  pr ,α(z) .  Th is  assumption  i s  more  accurate  when  
pressure  wave  propagati on  i s  more  nearl y l i near.  Wh i le ,  the  pos i t ion  and  value  of  the  
maximum  pr , α  (z)  d i verges  ( typical l y becom ing  shal l ower and  larger)  from  that  of  p r ,α  (zMI)  as  
the  effects  of  non l i near  propagation  become more  pronounced.   
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A.4  Thermal  index (TI)  

A.4. 1  Rationales  

A.4. 1 . 1  General  

The  re lationsh ip  between  temperature  ri se  and  thermal  b i o-effects  i n  t i ssues  i s  wel l  
establ i shed  (numerous  stud ies , [1 , 5 , 7,8 , 1 4, 23, 24] ) .  Wh i le  present  acoustic  ou tpu t  
measurement  parameters,  such  as  

P  output  power,  

Ita  temporal -average in tensi ty,  and  

Ispta spatial -peak temporal -average in tensi ty  

are  not  su i table  i nd i vi dual l y as  i nd icators  or  est imators  of  u l trasound- induced  temperature  
rise,  combinations  of  these  parameters  ( together wi th  speci f ic  geometric  i n formation)  can  be  
used  to  calcu late  i nd ices  that  provide  an  est imate  of  ri sk of  hazard  from  temperature  rise  i n  
soft  t i ssue  or  bone.  

Because  of  the  d i ff icu l ti es  of  an tici pati ng  and  thermal l y model l i ng  the  many poss ible  
u l trasound  scan  planes  of  the  human  body,  s impl i f ied  models  based  on  average  cond i t ions  
are  used.  Three  user-selectable  thermal  index  categories  correspond ing  to  d i fferent  
anatom ical  combinati ons  of  soft  t i ssue  and  bone  that  are  encountered  i n  imag ing  appl ications  
are  defi ned  (see  Table  A. 1 ) .  Each  category uses  one  or more  TI-models.  Values  for each  
model  l i s ted  i n  Table  A. 1  are  calcu lated  and  the  larger  or  l argest  value  i s  d isplayed .  

A.4. 1 .2  Rationale  for the  location  of  the maximum temperature  increase 

The locati on  of  the  maximum  temperature  i ncrease  depends  on  the  u l trasound  propagati on  
cond i t i ons  i n  the  human  body.  The  maximum  temperature  i ncrease  i s  assumed  to  be  near the  
surface  i f  the  u l trasound  beam  passes  through  bone  near the  su rface  (TIC) .  For  TIB,  the  
assumption  i s  that  the  maximum  temperature  ri se  i s  e i ther below the  surface  at  the  
ti ssue/bone  i n terface,  or  at  the  soft  t i ssue  su rface,  thus  the  at-surface  soft  t i ssue  equati on  
(Equati on  A in  Table  A. 2)  and  the  below-surface  bone  equation  (Equation  D  i n  Table  A. 2) )  are  
both  calcu lated  and  the  maximum  d isplayed .  Likewise,  for  the  homogeneous  soft  t i ssue  
model ,  the  maximum  temperature  ri se  may be  at  the  surface  or below the  surface,  so  TIS  i s  
the  maximum  value  of  the  resu l ts  of  evaluati ng  Equations  A and  B  in  Table  A. 2.  

A.4. 1 .3  Rationale  for choosing  a  break-point  depth  (zbp)  

Search ing  the  beam  axis  method ical l y up  to  bu t  no  cl oser than  the  break-point  depth ,  zbp,  i s  
imposed  on  the  measurement  of  al l  be low-surface  TI parameters.  

The  i n ten t  of  the  zbp  as  orig inal l y stated  [22]  was  to  prevent  measuremen ts  from  being  made 
i n  the  acoustic  f i e ld  too  close  to  the  transducer.  One  reason  for th is  i s  to  reduce  vi o lat ion  of  
the  assumption  that  acoustic  part icle  ve loci ty and  pressure  are  i n  phase  when  est imating  the  
pulse-intensi ty in tegral ,  (pii),  from  the  pulse-pressure-squared  in teg ral ,  (ppsi) .   

NOTE  1   As  d i scussed  i n  sect i on  A. 4. 1 . 6  and  A. 4. 1 . 7,  below-surface  thermal  i ndex  val ues  are  bas i cal l y  functi ons  
of  acousti c  outpu t  power ,  and  the  mechanical  i ndex  i s  a  funct i on  of  acoust i c  pressure.  Therefore  the  phase  
between  part i c l e  ve l oci ty and  acousti c  pressure  may not  seem  so  importan t.  However due  to  the  approximati ons  
and  conven ti ons  used  i n  th i s  s tandard ,  the  measurement  of  i n tens i ty,  by way of  the  pu lse-pressure-squared  
i n tegral  i s  requ i red .  

NOTE  2  I n  AIUM  / NEMA measurement  s tandards  pri or  to  UD-3  ( [22]  and  al l  previous  ed i t i ons  thereof) ,  a  break-
poin t  val ue  of  z_m in  =  m in (X_Dim ,  Y_Dim ) ,  i . e .  the  m in imum  d imension  of  the  acti ve  transm i t  apertu re,  was  used .  
Th i s  val ue  proved  to  be  i ns i de  the  acoust i c  f i e l d  c l ose  to  the  t ransducer of  some  transducer/system  combinati ons.  
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A.4. 1 .4  Rationale  for the  bounded-square  output  power and  attenuated  bounded-
square  output  power  

As d iscussed  i n  A. 4. 1 . 2 ,  A. 4.3 . 1  and  A.4. 3. 2,  for  the  soft  t i ssue  case,  the  i n teraction  between  
acoustic  beam  d imensions  and  the  cool i ng  effect  of  perfus ion  determ ines  the  posi t ion  of  
maximum  temperatu re  i ncrease.  A perfus ion  rate  characteri zed  by a perfusion  l eng th  of  1  cm  
i s  assumed.  Th is  trans lates  to  a s i tuation  where,  for  beam  areas  l ess  than  1  cm

2
,  output  

power i s  the  re levant  power parameter,  and  for beam  areas greater than  1  cm
2
,  spatial  

average  acoustic  i n tens i ty m u l t ipl i ed  by 1  cm
2
 i s  the  re levan t  power  parameter.   Th is  l eads  to  

the  concept  of  the  bounded-square output  power,  P1 x1 ,  as  the  power  parameter  "at-
su rface",  and  the  “attenuated  bounded-square output  power,  P1 x1 ,α  (z) ,  as  the  power  
parameter  "be low-su rface".   

I n terpretation  of  [Error!  Bookmark not  defined. ]  and  the  i n formation  in  [22]  have  led  

previous l y,  i n  [22] ,  to  us i ng  
P

X
 =

 '
output  power per un i t  scan  l eng th ’  as  the  power parameter 

of  i n terest  for ‘ at-surface’  TIS  es timates  for scanning  modes .  I n  Ed i t i on  1  o f  th is  s tandard  
P

X
 

was  symbol i zed  as  P1  and  t i t led  the  ‘bounded  ou tpu t  power’ .  Ed i t i on  1  o f  th is  standard  a lso  
used  an  approximation  of  the,  presentl y used,  bounded-square output  power,  P1 x1 ,  for  the 
at-surface  TIS  for  non-scanning  modes ,  calcu lated  on l y when  the  ou tpu t  beam  area,  Aob ,  i s  
<=  1 , 0  cm

2
,  and  an  approximation  of  attenuated  bounded-square output  power,  P1 x1 ,α  (z) ,  

for  below-surface  non-scann ing  modes .   

I n  the  present  2
nd
 ed i t i on  of  the  I EC 62359  standard  the  at-surface  TIS-equati ons  for al l  

modes  (scann ing  and  non-scann ing )  use  P1 x1 .  And  the  at-surface  TIS  i s  calcu lated  for al l  
aperture  s i zes.  Th is  i s  rat ional i zed  as  fo l l ows:  

A)  Clearl y P1 x1  shou ld  be  used  for non-scann ing  modes for the  at-surface  TIS  and  P1 x1 ,α  (z)  
for  the  be low su rface  TIS.  

B)   There  i s  an  expectati on  that  scanned  mode  and  non-scanned  mode  TIS values  shou ld  
converge  smooth l y as  the  number of  scan  l i nes  narrows  to  1  ( from  the  scanned  mode  
case  to  the  non-scanned  mode case) .  Th is  occu rs  when  P1 x1  i s  used  for both  cases.  

C)  A majori ty of  the  70  probes/cases  s imu lated  i n  [Error!  Bookmark not  defined . ]  had  Y 

aperture  d imens ions  ( ‘ transducer wid th ’ )  ≤  1 , 0  cm ,  i n  wh ich  case  
P

X
(  P1 )  and  P1 x1  yi e ld  

the  same numerical  magn i tude.   

D)   Many modern  d iagnosti c  u l trasound  scanners  and  probes  are  capable  of  scann ing  i n  

mu l t iple  scan  planes  (e. g .  3D  / 4D  scann ing ) .  The  previousl y used  
P

X
(  P1 )  parameter  

( ‘power per un i t  l eng th  i n  the  scan  d i recti on ’ )  i s  i l l -defi ned  and/or i nadequate  for these  
cases.  

An  approximation  of  the  attenuated  bounded-square ou tput  power i s  used  in  equation  B  i n  
Table  A. 2,  for  the  be low-surface  TIS.  

A.4.1 .5  Rationale  for at  surface TI  i n  non-scanning  mode and  scanning  mode 

Implementati on  of  the  soft  t i ssue thermal  index (TIS)  assumes  a  homogenous  t i ssue-path  
model .  One  bas ic  equati on  covers  al l  cases  for the  at-surface  case,  scanning  modes (such  
as  colour-f l ow mapping  and  B-mode)  and  non-scanning  modes  (such  as  Doppler and  M-
mode) .   

I n  th is  document,  the  at-surface  TIS-equations  for al l  modes  (scanning  and  non-scanning )  

use  P1 x1  and  the  at-su rface  TIS i s  calcu lated  for  al l  aperture  s i zes.  See  A.4. 1 . 4  for the  
rat ionale  for us ing  the  attenuated  bounded-square output  power  i n  the  numerator of  the  
thermal  i ndex  equati ons.  
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There  i s  an  expectation  that  scann ing  mode  and  non-scann ing  mode  TI values  shou ld  
converge  smooth l y as  the  number of  scan  l i nes  narrows  to  1  (non-scanned) ,  and  as  the  depth  
of  i n terest  moves  from  below the  surface  (z > 0)  to  the  surface  (z  = 0) .  

For the  at-su rface  TIS  equati on ,  ( )zP a,1 x1
 i s  the  bounded-square ou tput  power  

1 x1P  and  

equation  A resu l ts  (see  Table  A.2) .  

The  TIB  (bone  below-su rface)  and  TIC  (bone  at  surface)  equati ons  are  fundamental l y the  
same.  For TIC,  the  non-attenuated  power i s  used,  s ince  i t  i s  an  at-surface  estimate.  These  
approximations  are  d iscussed  i n  A. 4. 3  (see  Table  A. 2) .  

I f  the  d imensions  of  the  act i ve  aperture  are  l arger than  1  cm  ×  1  cm ,  then  the  thermal  
perfusion  l eng th  of  one  centimetre  (1  cm )  i s  assumed  to  be  exceeded .  I n  th is  case the  
bounded-square outpu t  power  i s  measured  by a rad iat ion  force  balance  us i ng  an  

i n termed iate  absorbing  mask wi th  a  one-square  cen timetre  window (the  mask i s  1  cm  ×  1 cm  
square) ,  or  by other masking  means  (e. g . ,  e l ectron ic) ,  or  the  bounded-square output  power  
may be  measured  via  h ydrophone  p lanar  scann ing .    

NOTE  Temperature  ri se  i n  t i ssue  due  to  transducer su rface  sel f-heati ng  has  not  been  taken  i n to  account  i n  the  
determ inati on  of  the  thermal  i ndex [1 0 ] .  (See  Annex C. )   

A.4.1 .6  Rationale  for below surface TI i n  non-scanning  mode 

I n  appl yi ng  the  bas ic  TIS  equati on  to  the  below-surface  case,  the  parameter ( )zP a,1 x1  i s  

approximated  by us i ng  ( ) ( )( )zPzI
αα

,cm1xmin 2

,spta
 as  described  i n  A. 4. 3. 2,  lead ing  to  equati on  

B. 1  i n  Table  A.2 .  

For the  bone-at- focus  model ,  a  d i fferent  formu lation  i s  requ i red  for the  power (Pdeg )  
necessary to  raise  the  bone  temperature  1 °C  at  an  axial  d istance  of  zb, ns .  Th is  d i fferen t  
formu lation  i s  due  to  the  observati on  that  bone  absorbs  and  d iss ipates  acoustic  power 
d i fferentl y than  soft  t i ssue.  The  theory of  th i s  Pdeg - formu lation  has  been  extensivel y 
developed  i n  numerous  publ ished  documents  [1 , 1 2, 1 4,  23] .  The  d iscuss ion  i n  A. 4.3 . 4  refers  to  
key conclus ions  from  these  reports.  

A.4. 1 .7  Rationale  for below surface  TI i n  scanning  mode  

Edi t ion  1  of  th is  standard ,  and  [22] ,  d i d  not  speci fy equations  for be low-  su rface  TIS  or  TIB  for 
scanning  modes .  Th is  om ission  was  i n ten tional .   

I n  I EC  62359  Ed i t ion  1 ,  and  i n  [22] ,  the  c laim  i s  made  that for most  scanning  mode  cases  the  
below su rface  temperatu re  i n  soft  t i ssue  and  i n  bone  i s  l ess  than  the  at-surface  temperature  
i n  soft  t i ssue.  Speci f ical l y ( from  [22]  ) :  ‘the (at-surface,  scann ing )  soft tissue model is used 
because the temperature increase at the surface is usually greater than or about the same as 
with the bone at the focus.  

Th is  assumption  may be  true  i n  most  cases .   

•  The  paper [Error!  Bookmark not  defined . ]  i s  referenced  as  proof  for  the  soft  t i ssue  
below-surface  case.  

•  Noth i ng  i s  offered  as  proof  for the  bone  below-surface  case.   

However,  i f  there  are  non-scanning  mode  cases  where  the  be low-surface  heati ng  i s  g reater 
than  at-surface  soft  t i ssue  heati ng ,  then  i t  seems reasonable  that  there  are  a s i gn i f i can t  
number of  scanning  mode  operati ng  cond i t i ons  where  the  below-surface  heating  i s  l arger 
than  at-surface  soft  t i ssue  heating .  

•  Th is  seems part icu larl y reasonable  for  the  bone  be low-surface  case.   
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•  An  u l trasound  system  operating  cond i t i on  wi th  a narrow scan  wid th  shou ld  have  heati ng  
characteris t ics  approach ing  the  non-scanned  case.  See  [ 25] .    

Note  that  whether  or  not  for  scann ing  modes  the  at-surface  soft  t i ssue  temperatu re  rise  
exceeds  the  temperatu re  ri se  i n  soft  t i ssue  or bone  below-surface;  i n  calcu lati ng  the  TI for  
combined  modes ,  the  below-surface  con tri bu ti on  from  scanning  modes shou ld  not  be  
neg lected ,  and  the  below-surface  sum  (see  Table  1 )  may be  h igher than  the  at-surface  sum .  
So  i n  Ed i t i on  2  equations  for below-su rface  TIB  and  TIS  for scann ing  modes  are  provided  
and  are  to  be  i ncl uded  i n  the  below-surface  sums.  

An  equati on  for the  below su rface  TIS  for  scanning  modes  cou ld  be  arri ved  at  us i ng  the  
same principles  appl ied  i n  Ed i t ion  1  and  [22]  for  deri vi ng  the  be low-surface  TIS  for  non-
scanning  modes  and  the  at-surface  TIS  for scanning  modes .  However,  th is  Ed i t i on  (Ed .  2)  
of  the  standard  i s  not  fo l l owing  that  approach .  S im i larl y,  an  equati on  for the  be low su rface  TIB  

for scanning  modes  cou ld  be  arri ved  at  usi ng  the  same pri ncipals  appl i ed  i n  Ed i t ion  1  and  
[22]  for  deri vi ng  the  below-surface  TIB  for  non-scanning  modes  and  the  at-surface  TIB .  
However,  again ,  Ed i ti on  2  i s  not  fo l lowing  that  approach .  

There  i s  considerabl y i ncreased  complexi ty and  time  associated  wi th  the  measurement and  

est imation  of  ( )zP a,1 x1  and  deq(z)  i n  scanning  modes ,  and  th is  i s  even  more  d i ff i cu l t  i n  3D  

and  4D  scann ing  modes .  I t  i s  preferable  to  choose  formu las  wh ich  g i ve  both  reasonable  
resu l ts  and  wh ich  can  be  reasonabl y implemented  i n  i ndustrial  measurement  l abs,  where  the  
constrain ts  on  measurement t ime  and  complexi ty must  be  cons idered.  For the  below-surface  

non-scann ing  mode  case,  su i table  approximations  for  ( )zP a,1 x1  and  deq(z)  were  made i n  

Ed i t ion  1  and  [22].  Bu t  for  scann ing  modes  the  complexi ty of  approximations  for  ( )zP a,1 x1  and  

deq(z)  i s  s i gn i f ican tl y i ncreased  or thei r  su i tabi l i ty are  not  wel l  u nderstood .   

Therefore,  use  i s  made  i n  Ed i ti on  2  of  the  c laim  in  62359  Ed i t ion  1  and  i n  [22]  that  for most  
scanning  mode  cases  the  be low surface  temperature  i n  soft  t i ssue  and  i n  bone  i s  l ess  than  
the  at-surface  temperatu re  i n  soft  t i ssue.  Though  l im i ted  support  for  the  claim  i s  g i ven  in  
Ed i t ion  1  and  i n [22]  particu larl y for the  bone  below-surface  case,  and  though  i t  seems 
reasonable  that  the  claim  i s  not  true  for  some number of  scann ing  mode  operating  

cond i t i ons,  th is  c laim  remains  i n  Ed i t i on  2  and  i s  made  use  of  by sett i ng  the  bs,scTIS and  

the bs,scTIB  equal  to  the  as,scTIS .  

Th is  comprom ise  so lu ti on  general l y meets  the  requ i rement of  sat isfying  the  boundary 
cond i t i ons:   

a)   smooth  convergence  to  the  value  of  the  TIB  (or  TIS)  for  non-scanning  modes as  the 
number of  u l trason ic  scan  l i nes goes  to  one,  

b)   convergence  to  the  at-surface  TIB  (or  TIS)  value  as  the  reg ion  of  i n terest  moves  from  
below-surface  to  the  su rface  (z =  0) .  

NOTE  Convergence  does  not  happen ,  s tri ct l y  speaking ,  when  d i fferent  approximati ons  are  used  below-su rface  
and  at-su rface.  For i nstance,  for  non -scann ing  mode  TIB,  TIBns ,  Deq  (at-su rface)  and  deq  (be low-su rface)  are  
approximated  us i ng  d i fferent  formu las.  For non -scann ing  mode  TIS,  TISns ,   P1 x1  i s  est imated  d i fferen tl y  at -surface  
and  bel ow-surface.  I n  the  case  of  scann i ng  modes,  the  bel ow-su rface  TIB  won ’ t  converge  wi th  the  at-su rface  TIB  
(TIC) ,  due  to  sett i n g  TIBbs , sc  equal  to  TISas, sc  

Table  A. 1  – Thermal  index categories  and  models  

Thermal  I ndex category Thermal  I ndex model s  

 Non-scanning  mode  Scanning  mode  

TIS  (soft  t i ssue)  A)  Soft  t i ssue  at-su rface:   
non -scann i ng  and  scann ing .  

B . 1 )  Soft  t i ssue  below-su rface:  non -
scann ing   

A)   Soft  t i ssue  at-su rface:   
non -scann i ng  and  scann ing .  

B . 2)  Soft  t i ssue  below-su rface:   
scann ing .  (=  Equati on  A)  
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TIC=TIBas  (bone  at-su rface)  C)  Bone  at-surface:  non -scann ing  
and  scann ing  

C)  Bone  at-surface:  non-scann ing  
and  scann ing  

TIBbs  (bone  below-surface)  A)  Soft  t i ssue  at-su rface:   
non -scann i ng  and  scann ing .  

D. 1 )  Bone  below-su rface:   non -
scann ing   

A)   Soft  t i ssue  at-surface:   
non -scann i ng  and  scann ing .  

D . 2)  Bone  below-su rface:   
 scann ing .  (=Equati on  A)  

 

A.4.2  Derivation  notes  -  General  

A.4.2. 1  Derivation  of  break-point  depth   

The  express ion  for  break-point  depth  i n  th is  ed i t i on  i s  

 eqbp 5,1 Dz ×=  (A.2)  

Deq  i s  defi ned  as  the  ‘c i rcu lar-equ ivalen t’  geometric  mean  d iameter ( the  equivalent  aperture  
d iameter)  of  the  transm i t  aperture  for  a  s ing le  pu l se  of  the  transmit  pattern  be i ng  measured .  

 obobeq
π

4
A AD 1 ,1 3==  (A.3)  

where  Aob  i s  the  output  beam  area .  

NOTE  1  Equati on  (A. 3 )  i s  a  re-statement  of  Equati on  (8)  ( from  3. 28) ,  wi th  a  s i ng le  pu l se  correspond i ng  to  a  
non-scanning  mode .  

Thus,  for  scann ing  modes  or  non-scanning  modes ,  the  same value  of  zbp  wi l l  be  obtained  i f  
the  u l trasonic scan  l ines (or at  l east  the  ‘cen tral  scan  l i ne ’  of  the  l i nes  making  up  the  scan)  
use  the  same aperture  and  nom inal  focal  po in t.  

Fi gu re  A. 1  shows  a typical  case.  Here  the  focal  po in t  of  the  transducer and  the  pos i t i on  of  
maximum  attenuated  spatial -peak temporal -average in tensi ty  are  shown  to  occur deeper than  

1 , 5  ×  Deq .  

 
 

 

zbp  zs,ns  
z   (mm)  

P
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r 
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p
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 c
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W
) 

IEC   2144/10 

 

Key 

1 :  g raph  of  Ispta ,α  ×  1  cm
2
,   

2 :  g raph  of  Pα ,   

3 :  po i n t  where  Pp=  Pα(zs , ns )=Ispta ,α  ×  1  cm
2
 

Figure A. 1  – Focusing  transducer wi th  a  f-number of  about  7   
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For l ow f-number  transm i t  cond i t ions  the  ‘ l eg i t imate’  depth  of  maximum  pii  ( i nclud ing  the  

focal  po in t)  m igh t  val i d l y be  shal lower than  1 , 5  ×  Deq .  As  pressure  levels  may be  h i gh  i n  th is  
reg ion  the  defi n i t i on  of  zbp  i n  th is  s tandard  i s  on l y used  for the  determ inati on  of  TI.  F i gure  A. 2  
g i ves  an  example  of  such  a  s i tuation .  

NOTE  The f-number  d enotes  the  rat i o  of  the  geometric  focal  l eng th  to  the  transducer  aperture width  i n  a  
speci f i ed  l ong i tud i nal  plane  as  defi ned  i n  I EC 61 828.  

   

zs =  zbp  z   (mm)  
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Key 

1 :  graph of Ispta ,α  ×  1  cm
2
,   

2:  graph of Pα,   

3:  point where Pp=  Pα(zs , ns)  

zMI   is  closer to the transducer surface than 1 ,5 ×  Deq  

Figure A.2  – Strong ly focusing  transducer wi th  a  low f-number of  about  1   

Close  to  the  transducer acoustic  f i e l d  undu lati ons  and  s i de  lobe  l evels  can  vary from  
transducer to  transducer of  the  same model  type  as  sensi t i ve  functi ons  of  producti on  
to lerances.  I n  most  cases,  adherence  to  the  zbp  def in i t ion  shou ld  serve  to  keep h ydrophones  
not  too  c l ose  to  the  transducer,  he lping  to  obtain  cons is ten t  i n tra-model  measurement resu l ts  
and  ‘ t i gh ter’  s tati s t ics.  However,  as  shown  i n  Fi gure  A. 3 ,  i f  the  undu lati ons  are  extens ive  the  
determ ined  value  of  zbp  may be  c lose  to  the  transducer.  
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Key 

1 :  g raph  of  Ispta ,α  ×  1  cm
2
,   

2 :  g raph  of  Pα ,   

3 :  po i n t  where  Pp=  Ispta ,α  ×  1  cm
2
 

Figure A.3  – Focusing  transducer (f-number ≈ 1 0)  wi th  severe  
undu lations close to  the transducer  
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Another effect  of  employing  the  break-point-depth  i s  that  some separati on  between  the  at-
surface  and  below-surface  thermal  i nd ices  pos i ti ons  i s  created .  Thus,  i nstead  of  f i nd i ng  the  TI 
as  the  maximum  value  over al l  z  values,  i ncl ud ing  z  =  0 ,  (as  d iscussed  i n  A.4) ,  we  have  two  

reg ions,  z  =  0  and  z ≥  zbp ,  for  TI.  

Of  cou rse,  one  of  the  negative  consequences  of  employing  the  break-point-depth ,  i s  the  
creation  of  a  non- in terrogated  reg ion  wh ich  may con tain  the  location  of  maximum  TI.  

To  prevent  co l l i s i ons  of  expensive  hydrophones  i n to  transducers  be ing  tested,  care  must  be  
exercised  when  perform ing  scans  c l oser to  the  transducer than  the  break-point  depth  as  
requ i red ,  i f  necessary,  to  f ind  the  depth  for mechanical  index (zMI) .  Th is  wou ld  happen  wi th  
g reater  frequency i f  search ing  the  beam  axis  al l  the  way to  the  transducer  surface  were  
requ i red .  Th is  cou ld  happen  for probes  wi th  shal low focus ing  and/or h i gh  ampl i tude  
undu lat ions  c l ose  to  the  transducer.  

Another  effect  of  us i ng  zbp ,  though  not  i ts  i n tended  purpose,  i s  to  obscure  the  fact  that  the  
below-surface  TI values  do  not  converge  conti nuousl y to  the  at-surface  TI values  as  z  
approaches  0 .  Th is  i s  because  d i fferent  approximations  for P1 x1  and  deq  (Deq)  are  used  at-
surface  and  be low-surface.  See  A. 4. 1  and  A. 4. 1 . 5  Note  a.  

A.4.2.2  Thermal  index 

I n  th is  annex the  thermal  index,  TI,  i s  defi ned  by the  relationsh ip  

 

degP

P
TI

p=  (A.4)   

where  

Pp  i s  the  power parameter  as  defi ned  i n  th is  annex,  and  

Pdeg  i s  the  estimated  power necessary to  raise  the  target  t i ssue  1  °C,  based  on  the  thermal  
models  d iscussed  i n  th is  annex.  

The  deri vati on  of  the  temperatu re  r ise  est imation  models  requ i res  the  understanding  of  fou r 
key concepts/parameters .  

A.4.2.3  Attenuated  output  power and  attenuated  in tensi ty  

The  attenuated  ou tput  power and  attenuated  in tensi ty  are  functi ons  of  the  non-attenuated  
values,  depth  and  the  acoustic  attenuation  coefficient .  Attenuated  output  power  and  

attenuated  in tensi ty  are  denoted  by the  subscript  a.  Parameters  wi thout  the  subscript  refer  

to  non-attenuated  values  measured  in  water.  Thus  the  attenuated  output  power  Pa  at  a  
d istance  z  i s  defi ned  as  

 
dB)/10(-

α
awf01
fz 

PzP
a=)(   (A.5)  

where  

P  i s  the  output  power ,  

a  i s  the  acoustic  attenuation  coeffi cient ,  
fawf  i s  the  acoustic  working  frequency,  and  
z  i s  the  d is tance  from  the  external  transducer aperture  to  the  poin t  of  i n terest  

The attenuated  spatial -peak temporal -average in tensi ty i s  denoted :  

 ( ) dB)/10(-

spta,tasp
awf10 
fz 

α
zIzI

a=)(                          (A.6)  

where  

Ispta(z)   i s  the  spatial -peak temporal -average in tensi ty  at  d istance  z,  
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α  i s  the  acoustic  attenuation  coeffi cient ,  

fawf  i s  the  acoustic-working  frequency,  and  

z  i s  the  d is tance  from  the  external  transducer aperture  to  the  poin t  of  i n terest.  

A.4.2.4  Derivation  of  the  equ ivalent  beam  area  

The equ ivalent  beam  area ,  Aeq ,  i s  defi ned  as  

 ( ) ( )
( ) ( )zI

P

zI

zP
zA

sptaα,spta

α

eq ==       (A.7)  

where  

Pα(z)    i s  the  attenuated  output  power  at  d i s tance  z,  

Ispta ,α(z)  i s  the  attenuated  spatial -peak temporal -average in tensi ty  at  d istance  z,  

P     i s  the  output  power,  

Ispta(z)   i s  the  spatial -peak temporal -average in tensi ty  at  d istance  z,  and  

z        i s  the  d istance  from  the  external  transducer aperture  to  the  speci f ied  po in t.  

A.4.2.5  Derivation  of  the  equ ivalent  beam  d iameter  

The  equ ivalent  beam  d iameter ,  deq ,  i s  defi ned  as  

 ( ) ( ) ( )
( )zI

zP
 zAzd

α

α

,spta

eqeq
π

2
π

4
==  (A.8)  

where  

Aeq(z)  i s  the  equivalent  beam  area at  d is tance  z,  

Pα(z)    i s  the  attenuated  output  power  at  d i s tance  z,  and  

Ispta ,α(z)  i s  the  attenuated  spatial -peak temporal -average in tensi ty  at  d istance  z.  

A m in imum  beamwidth  o f  one  m i l l imetre  (0 , 1  cm )  i s  assumed  because  of  the  practical  
d i ff i cu l ty of  ho ld i ng  a  smal l  beam  steady on  one  target  locati on .  Therefore,  for  these  
deri vati ons  

 ( ) ( ) ( )
( )

 
zI

zP
zAzd

α

α














=










= cm1,0,

π
2maxcm1,0,

π

4
max

,spta

eqeq                  (A.9)  

Th is  m in imum  beamwidth  assumption  i s  referred  to  i n  con text  i n  l ater secti ons  of  th is  annex.  

A.4.3  Derivation  notes  for the  thermal  models  used  

As d iscussed  i n  A. 4. 1  and  i n  Table  A. 1 ,  th ree  thermal  ind ices  are  defi ned ,  the  TIS,  the  TIB  
and  the  TIC.  Four temperature-rise  estimati on  equations  are  used  i n  calcu lating  the  TI’s ,  as  
def ined  i n  C lause  5  of  th i s  standard .  For the  purposes  of  d i scussion  and  derivati on ,  these  four 
models  are  i denti f ied  i n  Table  A. 2.  

The  soft  t i ssue  equati ons  (A and  B  of  Table  A.2)  are  based  on  one  model ,  deri ved  primari l y 
from  a theoretical  and  experimental  anal ys is  [Error!  Bookmark not  defined . , 26] .  Accord ing  
to  [Error!  Bookmark not  defined . ] ,  the  med iat ing  factor for  temperature  r i se  at  the  surface  i s  
the  absorbed  power per un i t  scan  l eng th ,  µo  f [P/X] ,   that  normal i zes  the  effect  of  frequency on  
the  temperature  ri se  (where  µ0  i s  the  acoustic  absorption  coeffi cient  i n  Np cm

- 1
 MHz

- 1
) .  A  



IEC  62359:201 0+AMD1 :201 7  CSV  – 47  – 

  I EC  201 7  

series  of  calcu lat i ons  on  70  transducers  of  the  absorbed  power per un i t  scan  l eng th  that  
caused  a  1  °C  ri se  at  the  skin  surface  produced  resu l ts  centred  abou t:  

 
2

degawf0 cm/mW Np21]/[ =XPfm  (A.1 0)  

Th is  i s  a  key concept  i n  the  development  of  the  TIS  models .  A carefu l  study of  [Error!  
Bookmark not  defined. ]  i s  s trong l y recommended  to  ensure  a thorough  understanding  of  th is  
importan t  concept.  

NOTE  I n  [Error!  Bookmark not  defined . ]  a  s tudy of  typi cal  l i n ear array transducers  avai l able  i n  1 991  i s  
presen ted .  Val i dat i on  of  the  concept  for more  soph i st i cated  modern  transducers  (e . g .  1 , 5  and  2D  arrays)  and  3D  
scann ing  formats  has  not  yet  been  publ i shed .  

For this study,  the acoustic absorption coefficient  intensi ty was selected as µo  =  0,1  Np cm -1  MHz-1 ,  
a value  typical  of  soft  t i ssue.  The  average  perfus ion  rate  for soft  t i ssue  has  been  estimated  as  
the  card iac  ou tpu t  d i vided  by the  body mass,  resu l t i ng  i n  a  correspond ing  typical  perfusion  
l eng th  of  1 , 0  cm .  Selecti ng  the  un i t  scan  l eng th ,  X,  as  the  perfus ion  l eng th  and  combin i ng  
these  experimental  approximations  wi th  equation  A. 1 0  resu l ts  i n  the  power requ i red  to  cause 
a  1  °C  temperature  rise  at  the  surface  as  

 
)()MHzcm Np  (0,1

cm) (1 ,0)cm  mW  Np  (21

awf
1-1-

-2

deg
f

P
⋅⋅

⋅⋅
=

 

=̂
awf

MHz mW21 0

f
 (A.1 1 )  

Th is  Pdeg  formu la i s  shared  by both  the  at-surface  soft  t i ssue  equation  (Equation  A of  Table  
A. 2)  and  the  below-surface  soft  t i ssue  equati on  (eq .  B. 2  of  Table  A.2) .  I n  th is  standard ,  the  
value  of  21 0  mW MHz i s  i ncorporated  in  constants  CTIS, 1  and  CTIS, 2 .  
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Table  A.2  – Consol idated  thermal  index formu lae  

Name Formula  

A Soft tissue at-surface  
non-scanning  and scanning  

 

(see 5.4. 1 .1  and 5.5.1 .1 )  

 

 

,1

awf

as

 

TISC

fP
TIS 1 x1=  

B.1  Soft tissue below-surface 
non-scanning   

 

(see 5.4. 1 .2)  

 

 

( ) ( )











=

,2

awfnss,spta,

,1

awfnss,

nsbs, ,min
TISTIS C

fzI

C

fzP
TIS

aa
 

NOTE  1  zs ,ns  ≥ zbp  

NOTE  2  Where  
α spta,α

min ( ), ( )P z I z   i s  an  approximati on  of  

,α1 1
( )

x
P z  

NOTE  3  Ispta ,  α(z)  may be  approximated  by taki ng  the  Ita ,  α  (z)  
val ue  on  the  beam  axi s .  

 

B.2 Soft tissue below-surface 
scanning   

 

(see 5.4. 1 .2 and 5.5.1 .2)  

 

,1

awf

scas,scbs,

 

TISC

fP
TISTIS 1 x1==  

C  Bone at surface 

 non-scanning  and scanning  

 

(see 5.4.2.1  and 5.5.2.1 )  

 

   

TICC

DP
TIC

eq/
=  

 

D.1  Bone below-surface 

 non-scanning   

 

(see 5.4.2.2)  

 

( ) ( ) ( )











=

,2

nsb,

,1

nsb,spta,nsb,

nsbs, ,min
TIBTIB C

zP

C

zIzP
TIB

aaa
 

NOTE  1  zb ,ns  ≥ zbp  

NOTE  2  Ispta ,α(z)  may be  approximated  by taki ng  the  Ita ,  α  (z)  
val ue  on  the  beam  axi s .  

D.2 Bone below-surface 

 scanning  

 

(see 5.5.2.2)  

 

,1

awf

scas,scbs,

 

TISC

fP
TISTIB 1 x1==  
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A.4.3. 1  Derivation  notes  for soft  t i ssue  thermal  i ndex at-surface for non-scann ing  
and  scann ing  modes (TISas ,ns  ,  TISas,sc)  

As noted  i n  A. 4. 1 . 4,  temperature  i ncrease  i n  soft  t i ssue  i s  determ ined  by the  bounded-
square  output  power .  

Power from  the  one  square-cen timetre  of  the  rad iating -  or  acti ve-aperture  em i tt i ng  the  
maximum  value  of  the  t ime  average  acoustic  ou tpu t  power i s  measu red  (see  Fi gure  B. 3) .  For 
acti ve  apertures  having  a scan  d imens ion  l ess  than  one  centimetre  i n  each  d imens ion ,  no  
mask i s  necessary.  The  resu l t  of  these  power measurements ,  the  bounded-square output  
power ,  P1 x1 ,  i s  the  power parameter  u sed  i n  the  TI- formu la for soft  t i ssue  at-surface.   

Combining  the bounded-square output power  with  the power required to  cause a 1  °C temperature 
rise,  Pdeg ,  (equation  A.1 1 )  into the general  TI-formula (equation  A.4)  yields the soft tissue at-surface 
model  for  scanning  modes and non-scanning  modes.  

 
,1

awf
as

 

TISC

fP
TIS 1 x1=  (A.1 2)  

where  

CTIS, 1   =  21 0  mW MHz  

A.4.3.2  Derivation  notes  for soft  t i ssue thermal  i ndex below-surface for  non-
scanning  mode (TISbs ,ns)  

As d iscussed  in  A. 4. 2  and  A. 4. 3  the  perfus ion  assumption  (1  cm  thermal  perfusion  l eng th )  i s  
cri t ical  to  determ in ing  the  l ocation  of  the  maximum  temperature  i ncrease.  Theory deri ved  for a  
heated  cyl i nder suggests  that  i f  the  beam  area i s  l ess  than  1  cm

2
,  the  power i n  the  beam  

con trols  the  temperatu re  ri se  [1 4] .  I f  the  beam  area  i s  g reater  than  1  cm
2
,  i n tens i ty contro ls  

the  temperature  ri se.  Therefore,  the  power parameter Pp  used  i n  the  numerator of  the  

general  formu la (equati on  A. 4)  for  narrow beams [beam  area  ≤  1  cm 2
]  i s  the  attenuated  

output  power,  Pα(z)  and  for broad  beams  [beam  area  >  1  cm
2
]  the  power parameter i s  the  

attenuated  spatial -average temporal -average in tensi ty,  Isata ,α  (z) ,  mul t ip l i ed  by an  area of  

1  cm
2
 (Isata ,α  ×  1  cm

2
) ,  where  the  spatial  averag ing  i s  carri ed  ou t  over a  1  cm

2
 area.   

Attenuated  bounded-square output  power’ ,  P1 x1 ,α  (z)  i s  defi ned  as  Pα, (z)  when  the  beam  

area  i s  <  1  cm
2
 and  Isata ,α  ×  1  cm

2  
when  the  beam  area  i s  >  1  cm

2
,  where  Isata ,α  i s  the  spatial  

average  over  the  1  cm  x  1  cm  area yi e l d i ng  the  h i ghest  value.  

Thus,  for  any l ocati on  z  on  the  beam  axis ,  the  local  power parameter i s  P1 x1 ,α  (z)  and  the  
power parameter Pp used  i n  the  numerator  of  the  general  formu la (equation  A. 4)  i s  then :  

 

 bp

p 1 1,max ( )x
z z

P P za
>

 =  
 (A.1 3)  

 
Approximation  Used:  

Consideri ng  the  measurement  complexi ty and  t ime  associated  wi th  precise  measurement of  
P1 x1 ,α  (z) ,  Ed i t i on  2  of  the  standard  chooses  an  approximation  of  the  l ocal  power parameter,  
us ing  the  equ ivalent  beam  area  and  us ing  the  attenuated  spatial -peak temporal -average 
in tensi ty ,  assumed  to  occur on  the  beam  axis ,  rather  than  the  spatial -average  i n tens i ty.   
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Thus  when  the  equivalent  beam  area ,  ( ( ) ( )
( )zI

P
zA

a

a

,spta

eq

z 
= )   i s   ≤  1  cm

2
 the  attenuated  ou tpu t  

power,  Pα(z) ,  i s  the  l ocal  power parameter and  when  Aeq (z)  i s  >  1  cm
2
,  Ispta ,α(z)  ×  1  cm

2  
i s  the  

l ocal  power parameter.   

That  i s ,  the  local  power parameter at a  particu lar  depth  z   i s  m in(Pα(z) ,  Ispta,α(z)  ×  1  cm
2
)  and :   

 ( )[ ]2spta,p cm1x)(,)(minmax zIzPP
bpzz

aa
>

=  (A.1 4)  

Th is  i s  a  conservati ve  approximation .  The  conservati ve  nature  of  the  approximation  i s  fu rther 
described  in  the  fo l l owing  th ree  notes:  

NOTE  1  Equati ons  such  as  A. 1 7,  A. 1 8  and  A. 1 9  i nd i cate  that  i t  i s  the  -6  dB  area  wh ich  shou ld  be  compared  
agai nst  the  1  cm

2
 th reshold ,  and  equati on  A. 29  shows  that  the  -6  dB  area i s  l arger than  Aeq .  

NOTE  2  Because  Ispta ,α(z)  i s  >  Isata ,α(z)  (averaged  over 1 × 1  cm
2
 and  mu l t i pl i ed  by 1  cm

2
,  =  P1 x1 ,α(z) ) ,  th en  when   

( ) ( )
( )zI

P
zA

a

a

,spta

eq

z 
= =  1  cm

2
 the  actual  -6dB  beam  area,  per equati on  A. 29,   i s  l arger than  1  cm

2
,  and  therefore  the  

power i n  the  n umerator can  be  l arger than  the  power i n  a  1  cm
2  
beam  area ( l arger than  P1 x1 ,α(z) ) .  So  for  Aeq (z)  ≤  

1  cm
2,
,  P1 x1 ,α(z)  ≤  Pα(z)  <  Ispta ,α(z) ,  and  for  Aeq (z)  >  1  cm

2  
,  P1 x1 ,α(z)<  Ispta ,α(z)  <  Pα(z) .  

NOTE  3  Because  Aeq  i s  smal l er  than  the  -6  dB  area (A6 ) ,  then  i t  i s  obvious ly  <  1  cm
2  
when  A6  i s  <  1  cm

2
,  and  

acoust i c  power i s  the  ‘ power parameter’  (con tro l s  heati ng ) ,  i n  th i s  case.   

For the  reg i on  1 , 0  cm
2
 <  A6  <  1 , 28  cm

2
,  Aeq  remains  ≤  1 , 0 ,  and  the  attenuated  ou tpu t  power ,  Pα ,  i s  used  i nstead  

of  Ispta ,α  ×  1  cm
2
 as  the  ‘ power parameter’ .  Th i s  i s  conservati ve  (an  over-estimate)  for  th i s  reg ion ,  because  

obvious l y  the  power passi ng  th rough  a  1 , 28  cm
2  
area i s  >  than  the  power th rough  a  1  cm

2  
area (P1 x1 ,α) ,  and  both  

are  smal l er  than  Ispta ,α  ×  1  cm
2
.  So  P1 x1  < P  ≤  Ispta ,α  ×  1  cm

2
.  

Last l y,  for  A6  ≥  1 , 28  cm
2
 the  i n tens i ty (×  1  cm 2

)  i s  be i ng  used  as  the  power parameter as  i t  shou ld  be,   Ispta ,α  ×  
1  cm

2
 i s  bei ng  used ,  wh i ch  i s  always  >  Isata ,α  ×  1  cm

2  
(P1 x1 ,α  when  the  spati al  average  i s  over 1  cm

2
) ;  so  th i s  i s  

conservati ve  (Ispta ,α  ×  1  cm
2
 >  P1 x1 ,α) .  

Combin ing  the  power parameter expressed  i n  equati on  A. 1 4  wi th  the  power requ i red  to  
cause  a 1  °C  temperatu re  ri se,  Pdeg ,  (Equati on  A. 1 1 )  i n to  the  general  TI-formu la  (equati on  
A. 4)  yie lds  the  soft  t i ssue  thermal  i ndex  below-surface  for  non-scann ing  modes   

 
( ) ( )






















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awfnss,spta,
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awfnss,

nsbs, ,minmax
bp TIS,TISzz C

fzI

C

fzP
TIS

aa
                (A.1 5)  

where  

CTIS, 1  =  21 0  mW  MHz;  

CTIS,2  =  21 0  mW  cm
–2
 MHz.  

Fi gu res  A.4,  A. 5 ,  A. 6,  and  A. 7  i l l ustrate  examples  of  poss ible  l ocations  and  values  of  the  
power parameter (Equation  A. 1 4) .  These  f i gures  demonstrate  examples  of  poss ible  

re lat ionsh ips  between  the  i n tens i ty (Ispta ,α(z)  ×  1  cm
2
)  and  power (Pα(z) )  cu rves.  Values  wi th in  

the  reg ion  l ess  than  the  break-point  depth  (z <  zbp)  are  not  cons idered.  

I t  i s  he lpfu l  to  consider  what  these  curves  ind icate  abou t  beam  focusing .  Because  the  
equ ivalen t  beam  area ,  Aeq ,  i s  the  rat i o  of  Pα(z)  to  Ispta ,α(z) ,  i n  reg ions  where  the  i n tens i ty 
curve  i s  be low ( l ess  than )  the  power curve,  the  equivalent  beam  area i s  g reater than  1  cm

2
.  

S im i larl y,  where  the  i n tens i ty curve  i s  above  (g reater than)  the  power curve,  the  equivalent  
beam  area  i s  less  than  1  cm

2
.  The  equivalent  beam  area i s  1  cm

2
 where  the  curves  

i n tersect.  

Fi gu re  A. 4  shows  a focused  beam  for  wh ich  the  equ ivalent  beam  area f i rst  decreases  to  
1  cm

2
,  that  i s ,  the  curves  i n tersect  at  a  depth  g reater than  the  break-point  depth .  The  

maximum  value  of  the  l ocal  power parameter i s  found  at  th is  i n tersection ,  and  the  location  i s  
denoted  zs ,ns .  
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Fi gu re  A. 5  m igh t  represen t  a  focused  transducer wi th  somewhat  smal l er aperture.  At  the  
break-point  depth ,  the  equ ivalen t  beam  area i s  al ready less  than  1  cm

2
.  The  maximum  

value  of  the  l ocal  power parameter,  Pα(z) ,  i s  the  attenuated  output  power at the  break-
point  depth ,  and  zs, ns  i s  at   the  break-point  depth .  

Fi gu re  A. 6  m igh t  represent  a  focusing  transducer  wi th  a re lat i vel y weak focus  j ust  beyond  the  
break-point  depth .  Th is  l ocal  i n tens i ty maximum  may resu l t  from  the  e levation  focus  of  a  
rectangu lar aperture  transducer or,  perhaps,  a  close  to  the  transducer  effect  beyond  the  
break-point  depth .  I n  th is  example,  the  l ocati on ,  zs, ns ,  of  the  l ocal  power parameter 

maximum  i s  at  the  weak focus.  The  value  of  the  power parameter i s  Ispta ,α(z)  ×  1  cm
2
.  

Fi gu re  A. 7  represents  a  weakl y focused  transducer.  The  equivalent  beam  d iameter always  
exceeds  1  cm

2
.  Wh i le  such  an  example  i s  u n l ikely i n  d iagnostic  u l trasound  appl ications ,  the  

example  i s  provided  for the  sake  of  a  complete  understand ing  of  the  model .  The  d istribu ti on  of  
the  l ocal  power parameter wi th  depth  i s  the  i n tens i ty curve.  The  power parameter i s  the  

maximum  value  of  the  Ispta ,α(z)  ×  1  cm
2
.  zs ,ns  i s  at  the  l ocation  on  the  beam  axis  of  th is  

maximum .   
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Figure A.4  – Focusing  transducer  
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Key 

1 :  g raph  of  Ispta ,α  ×  1  cm
2
,   

2 :  g raph  of  Pα ,   

3 :  po i n t  where  Pp  =  Pα(zs, n s)  

Figure A.5  – Focusing  transducer wi th  smal ler  aperture  than  that  of  Figure A.4  
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2
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2 :  g raph  of  Pα ,   

3 :  po i n t  where  Pp  =  Ispta ,α  ×  1  cm
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Figure A.6  – Focusing  transducer wi th  a  weak focus near zbp  
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Figure A.7  – Weakly focusing  transducer  

A.4.3.3  Derivation  notes  for soft  t i ssue thermal  i ndex below-surface for  scann ing  
modes,  (TISbs,sc  )   

An  equati on  for the  be low su rface  TIS  for  scanning  modes  cou ld  be  arri ved  at  us ing  the  
same pri ncipals  appl ied  i n  Ed i t ion  1  and  [22]  for  deri vi ng  the  below-surface  TIS  for  non-
scanning  modes  and  the  at-surface  TIS  for  scanning  modes .  However,  th is  Ed i t i on  (Ed .  2)  
of  the  standard  i s  not  fo l l owing  that  approach .  

There  i s  considerabl y i ncreased  complexi ty and  t ime  associated  wi th  the  measurement  and  
estimation  of  P1 x1 ,α  (z)  i n  scann ing  modes ,  and  th is  i s  even  more  d i ff i cu l t  i n  3D  and  4D  
scanning  modes .  I t  i s  preferable  to  choose  formu las  wh ich  g i ve  both  reasonable  resu l ts  and  
wh ich  can  be  reasonabl y implemen ted  i n  i ndustrial  measurement  l abs,  where  the  constrain ts  
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on  measuremen t t ime  and  complexi ty must  be  considered .  For the  be low-surface  non-
scanning  mode  case,  su i table  approximations  for  P1 x1 ,α  (z)  were  made i n  Ed i t i on  1  and  [22] .  
Bu t  for  scann ing  modes  the  complexi ty of  approximations  for P1 x1 ,α  (z)  i s  s i gn i f ican tl y 
i ncreased  or thei r  su i tabi l i ty are  not  wel l  u nderstood.   

Therefore,  use  i s  made  i n  Ed i t i on  2  of  the  claim  I n  I EC  62359  Ed i t i on  1  and  i n  [22]  that  for  
most  scanning  mode  cases  the  below surface  temperature  i n  soft  t i ssue  i s  l ess  than  the  at-
surface  temperatu re  in  soft  t i ssue.  Though  l im i ted  support  for  the  claim  i s  g i ven  i n  Ed i t i on  1  

and  i n  [22],  th is  c laim  remains  i n  Ed i t ion  2  and  made use  of  by setti ng  the  bs,scTIS  equal  to  the  

as,scTIS .  

So:   

 

,1

awf
scas,scbs,

 

TISC

fP
TISTIS 1 x1==  (A.1 6)  

where 

CTIS, 1   =  21 0 mW MHz  

J ust i f icati on  for  th is  s impl i f ication  can  be  found  i n  [Error!  Bookmark not  defined . ]  and  [25]  
wh ich  show calcu lati ons  of  at-surface  soft  t i ssue  temperature  ri se  for scanned  modes  to  be  
h igher than  below-surface  soft  t i ssue  temperature  rise  i n  a  large  majori ty o f  cases.   

A.4.3.4  Derivation  notes  for bone at-focus  for non-scanning  modes  (TIBbs,ns)   

For the  bone-at- focus  model  for  non-scanning  modes ,  the  l ocation  of  the  maximum  
temperatu re  i ncrease  i s  at  the  proximal  surface  of  the  bone,  l ocated  at  the  depth  for TIB  
where  the  depth  for  TIB  i s  the  depth  at  wh ich  the  TIB-express ion  i s  a  maximum .  The  power 
parameter  for  the  beam  i s  the  attenuated  output  power ,  Pα  at  zb, ns .  

NOTE  The  conservati ve  assumpti on  here  i s  that  the  bone  res i des  at  the  l ocati on  where  the  TIB  expression  i s  a  
maximum .  

The  fo l l owing  derivation  refers  to  key conclus ions  from  the  l i terature  [ 1 , 1 2 , 1 4, 23] .  

To determ ine  the  estimated  power necessary to  raise  bone  1 °C  at  an  axial  d is tance,  zb, ns ,  we  
beg in  wi th  the  po in t-source  so lu t ion  to  the  steady-state  bio-heat  equati on  [1 2 , 1 4] ,  wh ich  g i ves  
the  temperature  rise  on  axis  of  a  total l y absorbing ,  very th in  d i sc  surrounded  by a material  of  
thermal  conducti vi ty,  K,  

 
K

dI
T

α

4

6,sata=∆  (A.1 7)  

where 

Isata,α  is  the attenuated spatial-average temporal-average intensity  

d6   is  the –6 dB beam diameter and  

K  is  the thermal  conductivity of the surrounding  medium 

Since  attenuated  output  power  can  be  approximated  as,  

 
α

I
d

P ,sata

2

6

4

π
a =  (A.1 8)  

temperature  ri se  can  be  expressed  by combin ing  A. 1 7  and  A. 1 8:  
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π
a=∆  (A.1 9)  

Using  data adapted  from  [ 27]  and  se lecti ng  water at  37  °C  as  the  su rround ing  med ium  g ives  a  
thermal  conducti vi ty,  K,  o f  6, 3  mW cm

- 1
 °C

- 1
.  Substi tu t ing  th is  value  for K i n to  equation  A. 1 9  

yi e l ds  a  temperature  ri se  of  approximatel y:  

 

6dC

P
T

K

a≈∆  (A.20)  

where  

CK= 20  mW cm
- 1
 °C

- 1
.  

Wh i le  d i ff i cu l t ies  are  obvious l y encountered  i n  making  accurate  pred ict i ons  of  temperature  
rise  that  occur  when  bone  i s  exposed  to  u l trasound  in vivo,  reasonable  est imates  can  be  
made  of  upper l im i ts  to  the  temperature  ri se .  Equation  A. 1 9,  for  a  d i sc- l ike  i n tens i ty 
d istri bu t ion ,  yie lds  a s imple  expression  of  temperature  rise,  ∆T,  when  the  beam  d iameter i s  i n  
the  order  of  one-quarter  of  the  perfus ion  leng th ,  a  reasonable  assumption  for th is  model .  
S im i lar deri vations  are  found  for  Gaussian  or  Bessinc  beams  and  rectangu lar beams  (wi th in  
1 0  %  for  Gauss ian  & Bessinc  and  wi th in  30  % for  rectangu lar) .  

Experimen tal  data [ 28]  suggest  that  a  correction  factor i s  requ i red  to  formu la A. 1 7  (and  resu l ts  
i n  changes  to  formu las  A. 1 9  and  A. 20) .  Th is  correcti on  factor i s  explained  as  being  due,  i n  
part,  to  the  effects  of  perfusion  i n  re lati vel y smal l  vo lumes.  The  data avai lable  i nd icate  that  a  
factor  of  approximatel y 0 , 5  i n  temperatu re  ri se  i s  needed  to  obtain  correspondence  between  
in vivo  measurements  and  theory.  Appl yi ng  th is  correcti on  factor  yi e l ds  

 66 2//)5,0( dCPdCPT KK aa ==∆  (A.21 )  

Therefore,  the  power  requ i red  to  cause  a  1  °C  temperature  ri se,  Pdeg ,  becomes:  

 C1x2 o

6deg dCP K=  (A.22)   

The  m in imum  beamwidth  assumption  noted  i n  c lause  A. 4. 2.5  i s  made  here  i nsofar as  the  
smal l est  beam  d iameter  that  can  be  main tained  in  a  cl i n ical  exam  is  0 , 1  cm ,  due  to  both  
operator-  and  patien t-motion ;  then  Pdeg  =  4  mW.  Th is  value  yie lds  the  power requ i red  to  
cause  a  1  °C  temperature  ri se,  Pdeg  i n  terms  of  d6  

 )mW4,C1xC2(max o

6deg dP K=  (A.23)   

I t is  now necessary to express the beam diameter for typical  beams,  such as Gaussian  or Bessinc,  in  
terms of the equivalent beam diameter,  deq .  The equations for a uniform  “disk” beam  (A.1 8)  and  the 
equivalent beam diameter  (A.8)  are similar and result in    
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I

P
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π
=≈      (A.24)   

For a  Gauss ian  beam ,  see  [1 ] ,    
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yie ld i ng  a  beam  d iameter  of  

 eq

,spta

6 17,134,2 d
I

P
d

α

α ==
π

    (A.26)  

where d6  is  the -6 dB beam diameter as discussed above.  Similarly,  for a Bessinc beam,  see [1 ] ,    
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yie l d i ng  a  beam  d iameter  of  

 eq
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6 10,119,2 d
I

P
d

α

α ==
π

    (A.28)  

Upon  d i vi d i ng  equati ons  A. 26  and  A. 28  by A. 24  and  geometrical l y averag ing  the  respecti ve  
coeff ic i en ts,  the  fo l l owing  correction  i s  se lected:  

 d6  =  1 ,13  deq   (A.29)  

Th is  express ion  i s  substi tu ted  for d6  i n to  Equati on  A. 23,  yie ld ing  the  power requ i red  to  cause  
a  1  °C  temperature  ri se,  Pdeg  

 )mW52,4,C126,2(max o

eqdeg ×= dCP K  (A.30)  

Express ing  deq  i n  terms  of  Pα  and  Ispta , α  and  us ing  equati ons  A. 7,  A.8  and  A. 9  yie lds  
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wh ich  yi e l ds  the  approximation  

 












×= mW52,4,C155,2max

o

,spta

deg

α

α

K
I

P
CP     (A.32)  

NOTE  2  The  actual  computed  values  of  2 , 26  CK and  4, 52  i n  Equati on  A. 31  (shown  rounded  i n  equati on  A. 32)  can  
be  rounded  fu rther to  2 , 5CK and  4, 4,  respecti vel y,  for compati bi l i ty  wi th  earl i er  ed i t i ons  of  th i s  s tandard .  

Combining  the attenuated  output power,  Pα,  with  the power required to cause a 1 °C temperature 
rise,  Pdeg ,  (Equation  A.32)  into the general  TI-formula A.4 yields the result for the bone-at-focus model  
for  non-scanning  modes:  
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nsbs, ,min
TIBTIB C

zP

C

zIzP
TIB

aaa  (A.33)  

where 

CTIB,1  =  50 mW cm
-1  

CTIB,2  =  4,4 mW 

As  described  i n  secti on  5. 4. 2.2  and  A. 4.2 . 1 ,  i n  Equati on  A. 33  the  depth  at  wh ich  the  TIBbs, ns  
i s  calcu lated ,  zb, ns ,  i s  the  depth ,  for  z  >  zbp  where  the  product  of  the  attenuated  spatial -peak 
temporal -average in tensi ty and  the  attenuated  output  power maxim izes.  
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 ( ) ( )( )zIzPz aa spta,nsb, xmaxofdepth=   (A.34)  

A.4.3.5  Derivation  notes  for bone at  focus for  scann ing  modes (TIBbs,sc)   

An  equati on  for the  be low-surface  TIB  for  scanning  modes  cou ld  be  arri ved  at  us ing  the  
same pri ncipals  appl i ed  i n  Ed i ti on  1  and  [22]  for  deri vi ng  the  below-su rface  TIB  for  non-
scanning  modes  and  the  at-surface  TIB.  However,  again ,  Ed i ti on  2  i s  not  fo l l owing  that  
approach .  

There  i s  considerabl y i ncreased  complexi ty and  time  associated  wi th  the  measurement and  
estimation  of  deq(z)  i n  scanning  modes ,  and  th is  i s  even  more  d i ff i cu l t  i n  3D  and  4D  
scanning  modes .  I t  i s  preferable  to  choose  formu las  wh ich  g i ve  both  reasonable  resu l ts  and  
wh ich  can  be  reasonabl y implemented  i n  i ndustr ial  measuremen t l abs ,  where  the  constrain ts  
on  measuremen t t ime  and  complexi ty must  be  cons idered .  For the  be low-surface  non-
scanning  mode  case,  su i table  approximations  for deq(z)  were  made i n  Ed i ti on  1  and  [22].  Bu t  
for  scann ing  modes  the  complexi ty of  approximations  for  deq (z)  i s  s i gn i f i can tl y i ncreased  or 
the i r  su i tabi l i ty are  not  wel l  understood .   

Therefore,  use  i s  made  i n  Ed i ti on  2  of  the  c laim  in  62359  Ed i t ion  1  and  i n  [22]  that  for most  
scanning  mode  cases  the  below surface  temperature  i n  bone  i s  l ess  than  the  at-surface  
temperatu re  i n  soft  t i ssue.  Though  l im i ted  support  for  the  c laim  i s  g i ven  i n  Ed i t ion  1  and  i n  
[22]  and  though  i t  seems reasonable  that  the  c laim  i s  not  true  for  some number of  scann ing  
mode  operating  cond i t i ons,  some support  i s  offered  [Error!  Bookmark not  defined. , 25]  that  
i t  may be  true  i n  many cases .  Th is  c laim  remains  i n  Ed i t i on  2  and  made use  of  by sett i ng  the  

bs,scTIB  equal  to  the  as,scTIS .  

 

,1

awf
scas,scbs,

 

TISC

fP
TISTIB 1 x1==      (A.35)  

where  

CTIS, 1   =  21 0  mW MHz  

A.4.3.6  Derivation  notes  for bone at-surface [TIC]  for  non-scann ing  modes   
(TICns)  and  for scanning  modes (TICsc  )   

Like  the  bone-at- focus  model  (clauses  A. 4. 3. 4  and  A. 4. 3. 5) ,  the  l ocati on  of  the  maximum  
temperatu re  i ncrease  for  the  bone-at-surface  (cran ial )  case  i s  at  the  proximal  surface  of  the  
bone.  S ince  the  bone  i s  l ocated  at  the  surface,  or  beam  entrance,  there  i s  no  attenuati on  and  
there  i s  no  compensati on  for scanning  modes  vs . ,  non-scanning  modes .  The  power 
parameter i s  output  power ,  P.  

The  thermal  model  for  bone-at-surface  for non-scanning  modes  and  scanning  modes  i s  
conceptual l y the  same as  for the  bone-at- focus  models ,  wi th  the  equivalent  apertu re  
d iameter  at  the  surface,  Deq ,  replacing  the  equ ivalent  beam  d iameter,  deq .  Therefore,  the  
power requ i red  to  cause  a 1  °C  temperature  ri se ,  Pdeg ,  i s  

 Pdeg  =  Csb  Deq  ×  1  °C (A.  36)  

where 

Csb  =  40 mW cm -1  °C-1  

NOTE  1  There  i s  n o  beam  correcti on  factor appl i ed  to  Deq  as  i t  i s  a  f i xed  apertu re  d imensi on .  

NOTE  2   For non-scanning  modes  D
eq  

i s  cal cu l ated  as  described  i n  A. 4. 2. 1  and  i n  3 . 28  us i ng  the  outpu t  beam  
area  A

ob
,  and  for scanning  modes  D

eq
 i s  cal cu lated  as  descri bed  i n  3 . 28  us i ng  the  scanned  aperture  area  A

sa.
 



IEC  62359:201 0+AMD1 :201 7  CSV  – 57  – 

  I EC  201 7  

Combin i ng  the  output  power ,  P,  wi th  the  power  requ i red  to  cause  a 1  °C  temperature  r ise,  
Pdeg ,  (equati on  A. 36)  i n to  the  general  TI- formu la (equati on  A. 4)  yi e lds  the  bone-at-surface  
express ion  for  non-scanning  modes  and  scanning  modes:  

 

TICC

DP
TICTIC

eq

scns , =  (A.  37)  

where  

CTIC   =  40  mW cm
- 1  
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Annex B  
( in formative)  

 
Guidance notes for measurement of output  power in  combined  modes,  

scanning  modes and  in  1  cm  ×  1  cm  windows 
 

B.1  General  

This  standard  requ i res ,  for  non-scanning  modes  and  scann ing  modes  the  measurement of  

the  output  power transm i tted  from  the  1  cm  ×  1  cm  area of  the  act i ve  array wh ich  transm i ts  
the  most  power.  Th is  i s  termed  the  bounded-square  output  power .  Th is  s tandard  also  
requ i res,  for  non-scann ing  modes  and  scann ing  modes,  the  determ ination  of  the  total  (non -
bounded)  output  power .   

Th is  annex deals  primari l y wi th  the  exceptions  that  must  be  made from  the  standard  acoustic  
output  power  measurement  procedures  and  requ i rements  set  ou t  i n  I EC  621 27  and  
IEC  61 1 61 .  The  fo l l owing  clauses  provide  gu idance  and  describe  techn iques  for the  
measurement  of  output  power  i n  scann ing  modes,  describe  windowing  techn iques  us i ng  a 

1  cm  ×  1  cm  absorbing  mask,  a  1  cm  ×  1  cm  rad iat ion- force-balance  target  or  e lectron ic  
masking  techn iques.  

Acoustic  output  power  i s  often  measured  us ing  a rad iat i on  force  balance  wi th  an  absorbing  
target  l arge  enough  to  i n tercept  al l  of  the  propagating  energy.  H ydrophone  raster scan  
measurement  methods  may also  be  used,  i f  accurate  enough  (see  note  2) .   

I t  i s  importan t  to  always  d is tingu ish  between  output  power  and  rad iation  force.  U l trason ic  
output  power  i s  a  scalar  and  does  not  depend  on  the  l ocal  ang le  of  i ncidence.  Rad iat i on  
force  i s  a  vector that  depends  on  the  l ocal  ang le  of  i ncidence  (wi th  respect  to  the  d i recti on  of  
the  force-measuring  device) .  For  a  p lane-progressive  wave  the  re lat ion  i s  s impl y P  =  cF  
(Equation  (B. 1 )  i n  I EC  61 1 61 ) .  I n  real  f i e lds  deviat i ons  from  th is  re lati on  occur,  main l y due  to  
(a)  d i ffraction ,  (b)  focuss ing  and  (c)  scann ing  (steering  of  u l trasonic scan  l ines ,  variable  and  
non-paral l el  ang les  of  i nci dence  re lat i ve  to  the  force  measuremen t equ ipment detection  axis) .  
Deviat i ons  from  Equati on  (B. 1 )  due  to  d i ffraction  are  deal t  wi th  i n  B. 4. 2  i n  I EC  61 1 61 ,  those  
due  to  focussing  are  deal t  wi th  i n  B . 5  of  IEC  61 1 61  and  those  due  to  scann ing  are  deal t  wi th  
here.  Steered  beams are  deal t  wi th  i n  the  same way.   

I f  the  summation  of  deviat ions  i s  l ow enough  when  compared  to  the  uncertain t ies  des i red,  
then   the  above  effects  may not  need  to  be  taken  i n to  accoun t.  

Output  power and  bounded-square output  power measurements  shou ld  have  an  
uncertai n ty of  30  % or  l ess  (95  % confidence  l evel ) .  

NOTE  1  Refl ecti ng  targets  are  not  recommended  for  the  rad i ati on  force  measurements  d i scussed  here,  
part i cu larl y  for scanning  modes .   

NOTE  2  I EC  621 27-1  recommends  that  usual l y  i t  i s  more  accurate  to  measu re  total  output  power  by  means  of  
the  rad iat i on  force  method ,  and  refers  to  I EC  61 1 61 .  

B.2  Measurements for combined  operating  modes 

I n  a  combined-operating  mode  wi th  more  than  one  type  of  transmi t  pattern  employed  
during  the  scan  peri od,  the  output  power  may be  cons idered  separatel y for  d i fferen t  transmit  
patterns .  Such  separati on  i s  al l owed  when  necessary to  perm i t  accu rate  measuremen t of  
output  power  and  determ inati on  of  the  thermal  index by combin i ng  values  appropriate l y as  
shown  in  Table  1 .  Such  an  approach  may,  for  example,  enable  the  appropriate  acoustic  
working  frequency  to  be  used  for each  calcu lat ion .  Cauti on  i s  needed  to  ensure  that  each  
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selected  s i ng le  transmi t  pattern  i s  i den tical  to  those  used  du ring  (by)  the  combined-
operating  mode .  

B.3  Measurement  of  output  power,  P,  i n  scanning  modes  

B.3. 1  Measurement  when  scanning  beam  i s  arrested  

The  beam  scan  i s  arrested  in  the  forward  d i recti on  normal  to  the  absorbing  target  and  the  
rad iat i on  force  F1  i s  measured  and  converted  i n to  the  output  power  P1  taki ng  i n to  account  
the  effects  of  d i ffraction  and  focus ing  (per I EC  61 1 61 )  i n  so  far as  these  effects  cannot  be  
i gnored  when  compared  to  the  uncertain t ies  to  be  des i red  .   

When  perform ing  measurements  wi th  the  beam  scan  arrested ,  the  measured  output  power 
shou ld  be  corrected  to  compensate  for any beam -former re lated  ou tpu t  variabi l i ty,  dependent  
on  beam  scan  ang le  and/or l i near  pos i t i on ,  and  shou ld  be  corrected  to  the  scann ing  mode  
pulse repeti t ion  rate .  When  the  beam  and  pu lse  characterist ics  of  each  u l trasonic scan  l ine  
are  equal  (e. g .  aperture  s i ze,  pu lse  ampl i tude,  cen tre  frequency,  pu lse  shape,  pulse 
duration,  beamwidth ,  focus  ang le,  and  so  on )  then  i t  i s  appropriate  to  measure  one  
u l trason ic  scan  l i ne  ( the  one  most  paral l e l  wi th  the  rad iat ion  force  detecti on  axis) ,  ad j ust  for  
pu lse repeti t ion  rate and  assume that  P2  (scann ing  mode  output  power)  =  P1 .  I f  the  
characteris tics  of  each  ul trason ic scan  l ine  are  not  the  same,  adequate  correcti on  or 
weigh ting  shou ld  be  appl i ed .  

NOTE  1    Examples  of  n on -constan t  beam  or pu l se  characteri s t i cs:   

a)  I n  phased  array sector scann ing ,  output  power  i s  sometimes  i ncreased  for non -normal  scan  ang l es  because  of  
decreased  e l ement  ( recepti on )  sens i t i vi ty  off  axi s .  

b)  D i fferen t  apertu re  s i zes  may be  used  for  d i fferen t  u l trasonic  scan  l i nes .   

Hydrophone  measurements  of  output  power  may also  be  performed  wi th  the  beam  scan  
arrested ,  and  shou ld  also  i nclude  appropriate  compensations  for beam -former related  
variations  between  u l trason ic  scan  l ines ,  as  described  above.   

B.3.2  Measurements wi th  beams scann ing  

Hydrophone  measurements  of  output  power wi th  the  beams scann ing  may be  made by 
making  use  of  a  synchron i zi ng  system  to  synchron i ze  the  transm i tted  acoustic  s i gnal  wi th  the  
measurement system ,  such  that  one  u l trason ic  scan  l i ne  at  a  t ime  i s  measured  via raster  
scan .  H ydrophone  elemen t d i recti onal  response  corrections ,  taking  i n to  account  the  ang le  
between  ( the  beam  axis  o f)  each  ul trason ic scan  l ine and  the  h ydrophone  acti ve  e lement  
shou ld  be  considered  and  appl i ed  as  necessary.  An  al ternative  h ydrophone  method ,  such  as  
described  i n  I EC  621 27,  wh ich  employs  hydrophones  and  RF  power meters,  may al l ow 
measurement wi thou t  synchron i zi ng  on  i nd i vi dual  u l trason ic scan  l ines ;  however angu lar  
correcti ons  or  scan- l i ne-speci f ic  compensations  may be  more  d i ff icu l t.  

When  perform ing  these  measurements  i n  scanning  mode  wi th  rad iation -force-balances,  the  
(absorbing )  target  and  external  transducer aperture  shou ld  be  such  that  the  effecti ve  beam  
area  i s  i n tercepted  by the  target  over  the  en t i re  extent  of  the  beam .  

The  rad iati on  force  F2  i n  a  scanning  mode  i s  measured ,  taking  i n to  accoun t  the  effect  of  
d i ffraction  and  focus ing  (per I EC 61 1 61  and  [ 29] ) ,  and  a  correction  based  on  the  cos ine  
formu la i s  appl ied  i n  so  far as  these  effects  cannot  be  i gnored  when  compared  to  the  
uncertai n ti es  to  be  des i red.   

I deal l y,  the  al i gnmen t of  the  (beam  axis  o f  each)  ul trason ic  scan  l i nes and  the  d i rection  of  
sens ing  of  the  rad iati on- force  balance  shou ld  be  co- l i near to  wi th in  ±1 0° .  As  th is  i s  often  not  
poss ible  i n  sector scan  modes  (wi th  non-paral l e l  u l trason ic  scan  l i nes  and  therefore  larger 
scann ing  ang les) ,  then  compensation  shou ld  be  appl i ed  to  the  measured  values.  
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I f  the  pu lse  repeti t i on  rate  and  the  beam  and  pu l se  characterist ics  of  each  ul trasonic scan  
l ine  are  equal  (e . g .  aperture  s i ze,  pu lse  ampl i tude,  cen ter frequency,  pu lse  shape,  pu lse 
duration,  beamwidth ,  focus  ang le ,  and  so  on)  then  i t  i s  appropriate  to  assume that  the  
measured  (and  ad justed  for focus ing  and  d i ffracti on)  output  power F2c  mul tipl i ed  by  a 
correcti on  factor (such  as  g i ven  in  B . 3 . 3  below,  see  also  [31 ]  )  represen ts  the  ou tpu t  power i n  
the  scann ing  mode  P2 .  I f  the  characteris tics  of  the  ul trasonic scan  l i nes  are  not  the  same,  
adequate  correction  or weighti ng  shou ld  be  appl i ed  ( for  i nstance  us ing  a summation  i nstead  
of  Equati on  B. 1  be low and  weighti ng  each  u l trasonic  scan  l ine  appropriate l y) .  

The  associated  error i n  measurement  wi l l  depend  upon  the  speci f i c  geometry of  the  trans-
ducer  and  rad iati on- force-balance  target.  A s imple  example  for a  correcti on  i s  g i ven  i n  B . 3 . 3 .   

B.3.3  Example of  a  rad iat ion-force to  acoustic  output  power correction  based  on  
cosine  formu la  

When  us i ng  an  absorbing  target,  any deviat ion  of  any porti on  of  the  f i e ld  from  the  forward  
propagation  d i rection  ( i . e.  from  the  d i recti on  paral l e l  to  the  detecti on  d i recti on  of  the  force-

measuring  device)  l eads  to  a reducti on  of  the  rad iati on  force  as  approximatel y cos(θ ) .  I n  th is  
example  θ   i s  cons idered  the  ang le  between  the  propagation  d i recti on  (or  u l trasonic scan  
l ine beam  axis)  and  the  sense  d i recti on  of  the  rad iat i on  force  detector.   

Consideri ng  here  a cu rved  l i near array (CLA)  wi th  total  scann ing  ang le  Θ .  I t  i s  poss ible  to  
make corrections  for the  beam  that  i s  at  a  represen tati ve  ang le  of  θ .  I t  i s  assumed  that  the  
power i s  d istri bu ted  equal l y over the  transducer i n  the  scan  d i recti on .   

 

A 
B 

θ  

Absorbing  target Absorbing  target 

Scanning angle:  Θ   

IEC   2151/10 

 

 

Figure B. 1  – Example of  curved  l inear array in  scanning  mode 
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Now assume that  each  ul trason ic  scan  l ine  from  –Θ/2  to  Θ/2  i s  equal  i n  average  output  
power  (al though  not  i n  force  d i rected  paral le l  to  the  rad iat ion- force  detector  sense  d i rection ) .  
The  force  on  the  absorbing  target  that  i s  actual l y measured  i s  expressed  as  a  vector  A i n  
Fi gu re  B. 1 ,  wh i le  vector B  expresses  what  i t  shou ld  be.  The  rad iation  force  measured  by a 

l arge  enough  absorbing  target  for each  scan  l i ne  i s  expressed  as  (P/c) cosθ .  The  total  
measured  rad iati on  force  F2  can  be  obtained  by i n tegrating  each  force  from  –Θ/2  to  Θ/2 .  F2  
can  be  calcu lated  us i ng  the  fo l lowing  equation :  

 
Θ
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 (B.1 )  

where  

F2  i s  the  total  rad iation  force  from  al l  scann ing  beams acting  on  the  absorbing  target;  
P2  i s  the  true  scanning  mode  outpu t  power ;  
c  i s  the  speed  of  sound  i n  water;  

θ  i s  the  ang le  between  the  propagation  d i recti on  of  i ncident  beam  and  the  d i rection  of  the  
force  measuring  device;  and  

Θ i s  the  ang le  between  the  most  widel y separated  ul trasonic  scanl ines  o f  the  acti ve  
scan  plane,  i n  rad ians.  

Therefore  F2   i s  converted  to  P2  by mu l t ip l ying  F2  by the  reciprocal  factor  of  above  equati on .  

 22
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



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
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Θ

=  (B.2)  

I f  the  total  scann ing  ang le  i s  60°,  Θ =  π/3  rad ian ,  the  correcti on  factor i s  calcu lated  as  1 , 047  
us ing  equati on  B.2 .  I f  i t  i s  90°,  Θ = π/2 ,  the  correcti on  factor wou ld  be  1 , 1 1 .  

NOTE  1  I t  has  to  be  noted  that  to  obtai n  the  f i nal  power val ue,  i f  not  al ready taken  care  of  i n  the  determ inati on  of  
F2 ,  i t  may be  needed  to  correct  P2  for  d i ffracti on  and  focus i ng .   

B.4  Creating  a  1  cm  ×  1  cm  window using  a  mask of  absorbing  material  or a   

1  cm  ×  1  cm  radiation  force balance target  

B.4. 1  General  

When  a rad iati on  force  balance  target  i s  used  to  l im i t  the  aperture,  i ts  geometry and  

composi t i on  shou ld  be  such  as  to  detect  al l  forward  em issions  from  a  1  cm  ×  1  cm  square  
area immediatel y i n  front  of  the  ul trason ic transducer and  not  to  detect  em issions  from  
ou ts ide  that  area.  

The  two  techn iques  of  defi n ing  the  apertures  i n  Clause  B. 4  have  somewhat d i fferent  sources  
of  error.  Agreement of  the  compared  resu l ts  from  these  methods,  or  compared  to  resu l ts  from  
the  method  of  C lause  B. 5,   shou ld  g i ve  reasonable  confi dence  that  the  aperture  i s  defi ned  
accurate l y.  Use  of  these  methods,  absorbing  mask (B. 4. 2)  or  absorbing  target  (B.4. 3) ,  to  l im i t  

detection  to  a  1  cm  ×  1  cm  area at  the  front  surface  of  the  acti ve  scan  aperture  i s  
recommended  when  the  method  of  C lause   B . 5  i s  not  feas ible  (e. g .  for  testi ng  mechan ical l y  
scanned  sector probes,  or  th i rd-party testi ng  of  al l  u l trason ic  transducers) .  
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B.4.2  1  cm  ×  1  cm  aperture  i n  a  mask 

When  a mask i s  used ,  i ts  geometry and  composi ti on  shou ld  be  such  as  to  e l im inate  output  

power  except  that  em i tted  by the  des ignated  1  cm  ×  1  cm  area of  the  act i ve  area of  the  
transducer,  to  al l ow passage  of  al l  forward  em issions  from  the  unmasked  area and  to  agree  
wi th  the  accuracy and  other  requ i rements  of  th is  standard.  

The  fron t  surface  of  the  ul trason ic transducer shou ld  be  coplanar wi th  the  mask surfaces  as  
i l l ustrated  i n  Fi gure  B. 3.  Th is  recommendation  main tains  cons istency wi th  B. 3 .2 .  The  
u l trason ic  attenuati on  of  the  mask shou ld  be  at  l east  30  dB  and  i ts  window’s  i ns i de  wal ls  
shou ld  be  l i ned  wi th  a ref l ecti ve  material  to  m in im ize  l oss  i n  the  wal ls .   

Bounded-square  output  power  measurements  demonstrati ng  that  the  mask meets  the  
attenuation  cri teria  shou ld  be  made;  otherwise  bounded-square output  power  
measurements  shou ld  be  made wi th  two  mask th icknesses,  thereby demonstrating  no  (or  
marg inal )  i n f luence  of  the  mask th ickness .  F igure  B. 2  presents  a sketch  of  a  suggested  
geometry.  A material  wi th  a  maximum  attenuation  coeff ici ent  and  m in imum  impedance  
m ismatch  wi th  water i s  recommended .  Materials  are  avai lable  commercial l y that  are  wel l  
matched  to  water (refl ect i on  coeffic ien t:  –30  dB)  and  have  a l oss  i n  the  range  of  45  dB/cm  at  
3 , 5  MHz.  Add i t ional  attenuati on  can  be  provided  by sandwich ing  a stain less-steel ,  cl osed-
pore  foam  or other h i gh -  or  l ow- impedance  refl ector between  two  l ayers  of  the  u l trason ic  
attenuating  material .  

For measurement of  the  bounded-square output  power ,  the  mask x-  and  y-d imens ions  
shou ld  be  al i gned  wi th  respect  to  the  transducer assembly under test  and  i ts  x  and  y  axis ,  as  
i l l us trated  i n  Fi gu re  B. 3.  For i nstance,  for  2D-scann ing  modes  wi th  s imple  1 D-transducer  
assembl ies ,  the  imag ing  p lane  axis  can  be  set  equal  to  x  and  the  e levation  d imens ion  can  be  
set  equal  to  y.  Lateral  posi t i on i ng  i s  cri t ical ,  ul trasonic  transducer probe  ho lders  and  j i gs  wi l l  
be  he lpfu l  i n  th is  regard.  I t  i s  an tic ipated  that  an  al i gnment  of  the  beam  al i gnment axis  wi th i n  
±5°  of  the  normal  to  the  mask plane  and  target  plane  and  the  x-  and  y-axes  of  the  transducer 
assembly  u nder test  al i gnment  wi th in  ±5°  of  the  x-  and  y-axes  of  the  mask are  su ff ici en t  for  
the  purposes  of  th is  test  (see  Fi gure  B. 3) .   

NOTE  For a  number of  beams  the  mask requ i rements  can  be  re l axed :    

•  For con tact  transducers,  i f  an  output  beam  d imension  (Xob  o r  Yob  )  i s  l ess  than  1  cm  i n  any d i recti on ,  then  the  
mask’s  apertu re   may be  g reater than  1  cm  wide  i n  that  d i rect i on .   

•  For transducers  used  wi th  a  s tandoff  path ,  the  mask’s  apertu re  may be  l arger than  1  cm  i n  any d i rect i on  i n  
wh i ch  h yd rophone  scann ing  has  demonstrated  that  the  –20  dB  beam  width  at  the  en trance  plane  i s  l ess  than  
1  cm .  

B.4.3  1  cm  ×  1  cm  area  rad iat ion-force-balance target  

As an  al ternati ve  to  the  use  of  an  aperture- l im i t i ng  mask,  the  measurement of  the  bounded-

square  ou tput  power  may be  made  us ing  a  1  cm  ×  1  cm  area -  rad iat i on- force  target.  When  

the  1  cm  ×  1  cm  area rad iati on -force-balance  (RFB)  target  i s  used ,  i t  shou ld  be  placed  
immed iatel y i n  fron t  of  the  ul trasonic  transducer  and  i ts  geometry and  composi t i on  shou ld  

be  such  that  i t  detects  al l  of,  and  on l y,  the  acousti c  em issions  from  a  1  cm  ×  1  cm  area of  the  
ul trason ic transducer .  

The  accuracy and  l i neari ty of  the  measurement of  bounded-square output  power  shou ld  
conform  to  I EC  61 1 61 .  

To  m in im ize  measurement  errors  due  to  reverberati ons ,  cau tion  shou ld  be  used  to  ensure  that  
reflected  acoustic  energy does  not  reflect  back on to  the  target.  Further,  the  orien tati on  of  the  
target’s  x-  and  y-axes  shou ld  remain  co- l i near  wi th  the  chosen  x-  and  y-  axes  of  the  
transducer assembly  u nder  test,  as  i l l ustrated  i n  Fi gu re  B. 4.  
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1 :  Li n i ng  
2 :  Absorber  
3 :  Sandwich  l ayer  
4:  U l trason i c  transducer  

5 :  1  cm  ×  1  cm  window 

 

Figure B.2  – Suggested  1  cm  ×  1  cm  square-apertu re  mask 
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1 :  RFB  Target  

2:  Mask 

3:  U l trason i c  transducer  

Figure B.3  – Suggested  orientation  of  transducer,  mask aperture and  RFB  target  
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1 :  U l trason i c  transducer  

2:  1  cm -square  RFB  target  

Figure B.4  – Suggested  orientation  of  transducer and  1  cm-square  RFB  target  

B.5  Creating  a  1  cm  ×  1  cm  window using  electronic control  or using  
calculations  

Where  the  equ ipment  contro l  scheme and  transducer geometry al l ow,  masking  a 1  cm  ×  1  cm  
square-area aperture  may be  accompl ished  e lectron ical l y by de-energ i zi ng  the  aperture  

ou ts ide  th is  area,  provided  that  the  output  power em i tted  wi th i n  the  1  cm  ×  1  cm  square  area 
apertu re  i s  not  affected  by the  electron ic  masking .  

E lectron ic  means  for  masking  the  acti ve  apertu re  for a  1  cm  ×  1  cm  square-area apertu re  are  
recommended  where  feasible  wi th  e lectron ical l y con trol l able  arrays  (sequenced,  phased ,  or  
combination) .  

I n  cases  where  arrays  are  e lectron ical l y con trol lable  i n  one  d imension  (e. g .  scan-d imension ,  
x)  bu t  not  the  other (e. g .  transducer e lement  l eng ths,  y >  1  cm ) ,  the  measurement of  
bounded-square outpu t  power  can  be  ach ieved  by e lectron ical l y masking  the  e lements  
ou ts ide  1  cm  in  the  x  d imension ,  making  the  power measurement and  then  mathematical l y 
ad j ust i ng  the  power value  to  a y-d imens ion  of  1  cm .  

Where  transducer geometry and  u l trasound  rad iati on  al l ows,  mathematical  windowing ,  or  a  
combination  of  acoustic  windowing  and  mathematical  windowing ,  i s  al lowed.  

B.6  Measurement  of  bounded-square output  power 

Whi le  us i ng  the  methods  of  B. 4.2  or  B. 4. 3  or  C lause  B. 5  to  e l im inate  al l  the  output  power 

except that  orig i nati ng  th rough  a  1  cm  ×  1  cm  square  window wi th i n  the  output  beam  area i n  
scanning  mode ,  the  remain i ng  bounded-square  output  power shou ld  be  measured  
accord ing  to  the  procedu res  i n  I EC  61 1 61 .  

I n  l ocating  the  mask used  i n  e i ther  B. 4. 2  or  C lause  B.5,  or  the  target  used  i n  B . 4. 3,  the  1  cm  ×  
1  cm  square  aperture  em i tt ing  the  largest  bounded  ou tput  power ,  shou ld  be  exposed.   

The  uncertai n ty of  the  measurement  of  bounded-square  power shou ld  be  20% or  l ess .  
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Annex C  
( in formative)  

 
The contribution  of transducer sel f-heating  

to  the temperature rise occurring  during  u l trasound  exposure  
 

The  i ssue  of  temperature  i ncrease  occurring  du ring  c l i n ical  exposure  to  d iagnostic  u l trasound  
i s  re levan t  to  several  cu rren t  and  fu ture  national  and  i n ternational  s tandards.  The  present  
standard  i s  particu larl y important  i n  th is  regard  as  i t  speci f i es  formu lae  for  calcu lat i ng  a  
number of  thermal  i nd ices  (TI)  wh ich  are  used  to  provide  safety-related  real - t ime  feedback to  
cl i n ical  users.  The  majori ty of  manufacturers  of  u l trasound  imag ing  equ ipment now compl y 
wi th  the  I EC  60601 -2-37  standard  wh ich  refers  to  the  present  s tandard  for  the  method  of  
determ in ing  TI values  to  fu l f i l  i n ternational  regu lati ons .  Consequentl y,  most  modern  scanners  
calcu late  and  d isplay TI values  wh ich  are  used  by cl i n ic ians  and  sonographers  i n  making  thei r  
cl in ical  r i sk assessmen ts.  

TI values  are  calcu lated  from  measurements  of  acoustic  quanti t ies  made  wi th  h ydrophones  
and  rad iation  force  balances.  Essential l y,  the  formu lae  used  are  a  s impl i f i ed  method  of  
est imating  the  temperatu re  ri se  produced  by the  absorpti on  of  u l trasound .  However,  there  i s  a  
second  major  cause  of  t i ssue  heati ng  wh ich  i s  i gnored  by the  presen t  s tandard  and  that  i s  
se l f-heati ng  of  the  u l trasound  transducer.  Th i s  se l f-heating  i s  caused  by e lectrical  i neff ic iency 
of  the  transducer;  eff i ci encies  are  typical l y around  30% mean ing  that  more  than  twice  as  
much  energy i s  l iberated  as  heat  i n  the  transducer than  i s  absorbed  and  converted  to  heat  i n  
the  exposed  t i ssue.  For  most  transducers ,  most  of  the  heat  produced  by the  transducer  i s  
generated  in  the  th i n  p i ezoelectric  layer  ad jacent  to  the  contact  surface  wi th  the  t i ssue.   

Stud ies  [32, 33 ,34, 35, 36]  wi th  Thermal  Test  Objects  (TTO)  and  a range  of  cl i n ical  pu lsed  
Doppler  transducers  have  shown  that  over  th ree  m inu tes  exposure,  se l f-heating  accoun ts  for  
approximate l y hal f  of  the  temperature  rise  i n  the  TTO at  a  d i stance  of  7  mm  from  the  
transducer.  At  smal l er d i stances  or  for l onger exposure  t imes,  se l f-heati ng  wi l l  be  an  even   
l arger con tribu ti on .  I t  i s  c l ear,  therefore,  that  any proper evaluation  of  the  thermal  hazard  must  
i ncl ude  transducer se l f-heati ng .  One  approach  wou ld  be  to  model  the  transducer i tse l f  
mathematical l y by cons iderati on  of  the  e lectrical  and  thermal  propert ies  of  the  p iezoelectric  
e lement and  the  transducer case.  Th is  wou ld  certain l y be  feas ible  as  an  academ ic  study (see  

Saunders  [37] ) .  However,  i n  general ,  the  properties  and  constructi on  of  the  transducer wi l l  not  
be  known  (except,  poss ibl y,  by the  transducer manufacturer)  so  a s impler,  more  practicable  
method  wh ich  cou ld  be  implemented  i n  fu tu re  national  and  i n ternational  standards  shou ld  be  
proposed .  

Stud ies  are  on -going  wh ich  suggest  that,  subject  to  certain  s impl i fyi n g  assumptions ,  the  
temperature  prof i l e  (due  to  se l f-heating )  as  a  functi on  of  d is tance  from  the  transducer can  be  
approximated  from  a s i ng le  measurement  of  the  temperature  at  or  c l ose  to  the  
transducer/t i ssue  i n terface.  The  total  temperature  can  then  be  g i ven  by the  summation  of  the  
se l f-heating  con tribu tion  and  the  contri bu tion  due  to  l ocal  u l trasound  absorption  wi th in  the  
medium .  The  need  to  take  th is  approach  i n  the  present  s tandard  cou ld  not  reach  consensus  
and  i n troducti on  of  such  methods  i s  postponed  to  a th i rd  ed i t i on  of  th is  standard .  
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Annex D  
( in formative)  

 
Gu idance on  the  in terpretation  of TI and  MI  

 

D.1  General  

I t  i s  beyond  the  scope  of  th is  standard  to  go  in to  detai l  on  the  re lat ion  of  the  thermal  index  
(TI)  and  mechan ical  i ndex (MI)  to  safety.  I n  add i t ion  to  the  short  not i ce  below,  i n terested  
users  are  i nvi ted  to  consu l t  the  references  i n  the  B ibl i ography [5 ,7, 8, 1 1 ] .   

The  re lati onsh ip  of  various  acoustic  output  parameters  ( for  example,  acoustic  i n tensi ty,  
acoustic  pressure ,  output  power ,  etc… )  to  b i olog ical  effects  i s  not  presentl y fu l l y 
understood .  Evidence  to  date  has  identi f i ed  two  fundamental  mechan isms,  thermal  and  
mechan ical ,  by wh ich  u l trasound  may i nduce  bi oeffects  [1 2, 1 3, 1 4, 21 , 38, 39] ,  and  i n  certai n  
cases  al teration  or damage to  t i ssue.  The  thermal  mechan ism  i s  temperature  ri se  due  to  
energy absorpti on  and  the  mechan ical  bioeffects  may be  caused  by various  ki nds  of  
cavi tati on ,  due  to  reduced  i nstantaneous  pressure.  

The  temperature  ri se  and  the  poss ibi l i ty of  cavi tation  seem  to  depend  on  such  factors  as  the  
to tal  energy ou tpu t,  the  mode,  the  shape  of  the  u l trasound  beam ,  the  pos i t i on  of  the  focus,  the  
cen tre  frequency,  the  shape  of  the  waveform ,  the  frame rate,  and  the  du ty factor.  The  MI and  
TI are  des igned  to  take  the  most  importan t  of  these  factors  i n to  account  and  g i ve  the  user 
i n formation  i n  real  t ime  abou t  the  potential  for  thermal  or  mechan ical  b i oeffects .  Because  the  
MI and  TI refl ect  i nstantaneous  ou tpu t  cond i t i ons ,  they do  not  take  i n to  accoun t  the  
cumu lati ve  effects  of  the  total  exam inati on  t ime,  especial l y wi th  regard  to  heating .  I t  i s  
re levant  to  emphasi ze  that  shorten ing  i nsonati on  times  can  g i ve  a  l arge  safety marg in  under 
some cond i t i ons  (wide,  scann ing  beams  in  soft  t i ssue)  bu t  no  s i gn i f icant  marg in  under other 
cond i t i ons  (narrow ,  non-scann ing  beams  on  bone)  [25] .  I t  i s  the  respons ibi l i ty of  the  operator  
to  understand  the  ri sk of  the  ou tpu t  of  the  equ ipment,  and  to  act  appropriate l y i n  order to  
obtain  the  needed  d iagnostic  i n formation  wi th  the  m in imum  risk to  the  patien t.  To  be  able  to  
do  so,  the  manufactu rer of  the  device  wi l l  provide  i n formation  to  the  user on  how to  i n terpret  
the  d isplayed  u l trason ic  exposure  parameters ,  thermal  i ndex  and  mechan ical  index (see  
IEC 60601 -2-37) .  Further  g u i dance  on  of  the  rat i onale  and  deri vation  of  MI and  TI are  g i ven  i n  
[26, 40] .  

D.2  Limi tations of  the ind ices  

•  Al though  Table  1  g i ves  a method  to  add  the  con tri bu tions  of  d i fferent  d iscrete  modes  the  
method  has  some d isadvan tages.  For example,  the  below-su rface  TI- formu lati on  wou ld  
i deal l y be  a maximum  of  the  summation ,  at  each  depth  z,  of  the  scann ing  and  non-
scann ing  contri bu ti ons .  However,  Table  1  speci fi es  a summation  of  the  i nd i vi dual  
maximum ,  and  assumes  (as  per  A. 5. 3 . 3  and  A. 5. 3. 5)  that  the  maximum  below su rface  TI 
value  i n  scanned  modes  i s  l ess  than  or  equal  to  the  at-surface,  soft  t i ssue  TI (TISas, sc) .  

•  Ori g inal l y the  formu lations  for TI were  not  i n tended  for  use  i n  oph thalm ic  appl icati ons.  
Recentl y TI has  been  used  for oph thalm ic  appl i cations  [41 ] ,  However special  cau tion  i s  
advised.  Th is  i ssue  i s  fu rther addressed  i n  the  fo l l owing .    

•  F i n i te  ampl i tude  effects  are  known  to  al ter i n tens i t i es  and  pressures  measured  i n  water i n  a  
non- l i near way.  As  the  models  used  i n  th is  standard  are  l i near,  the  in situ  exposu res  may 

be  1 , 5  or  2 , 0  t imes  the  values  ind icated  by TI o r  MI [42 ] .  I f  a  correcti on  method  for th is  
effect  has  not  been  appl i ed ,  th is  shou ld  be  made  known  to  the  operator.   

•  The  TI values  pred ict  heating  in  t i ssue  next  to  the  transducer surface  due  on l y to  the  
energy absorbed  from  the  beam .  No  correcti on  i s  made  for  the  heati ng  of  superf icial  
t i ssues  by the  transducer  i tsel f ,  wh ich  may be  s ign i f i cant  (see  Annex  C) .  
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•  As  noted  i n  Annex A,  impos i t ion  of  the  break-point  depth  (zbp)  requ i remen t,  wh i le  usefu l  
for  separati ng  ‘at-surface’  and  ‘below-surface’  TI values,  and  for preventing  h ydrophone-to-
transducer contact,  creates  an  unexam ined  reg ion  wh ich ,  part icu larl y for  f-numbers  be low 
1 , 5,  may con tain  the  h i ghest  below-surface  temperature.  

•  The  TI represents  average  values  calcu lated  accord ing  to  a model  and  shou ld  NOT be  
i n terpreted  as  the  numerical  value  of  the  actual  temperature  ri se  i n  °C  i n  the  i nsonated  
ti ssues.  Nevertheless,  re lationsh ips  between  these  quan ti t i es  have  been  s tud ied  and  
resu l t i ng  cau tions  are  g i ven  i n  th is  annex.  As  has  been  explai ned,  there  are  l im i tat ions  on  
the  models  underl yi ng  both  the  MI and  TI.  These  models  con tain  practical  s impl i f i cati ons  to  
complex  and  i ncompletely understood  bi o-effects  i n teracti ons .  Because  of  th is  fact,  the i r  
use  i s  to  be  l im i ted  to  re lati ve  i nd icati on  of  b i o-effect  r i sk.  The  operator  shou ld  be  aware  
that,  i n  a  l im i ted  number of  cases,  the  actual  worst-case  temperature  ri se  may be  up  to  
th ree  t imes  h i gher than  the  d isplayed  TI value,  i f  i t  were  in terpreted  i n  °C  [28] .  The  TIS 
values  are  based  on  a model  of  l i near array scanners,  focuss ing  energy on  a l i ne .  For  
ci rcu lar  transducers  wi th  a  po in t- focus,  a  theoretical  calcu lati on  [1 1 ]  for  rat ios  between  
numerical  value  of  temperature  ri se  and  the  TIS  value  for the  non-scann ing  mode  yi e l ded  
resu l ts  that  ranged  from  0, 24 to  1 09.  The  rat i o  1 09  was  calcu lated  for a  h ypothetical  4-cm  
d iameter transducer,  f -number 0, 7  at  1 2  MHz [1 1 ] .  Th is  i s  an  (extreme)  atypical  case  of  
medical  d iagnostic  u l trasound  and  i t  shou ld  be  noted  the  calcu lated  temperature  ri se  was  
l ess  than  0 , 01 °C,  wh i l e  the  TIS  value  was  l ess  than  0 , 0001 .  As  mentioned  earl i er  and  as  
i nd icated  i n  [1 1 ] ,  the  rat i o  of  1 09  resu l ts  primari l y from  l im i ti ng  the  axial  search  for the  TIS  

to  depths  ≥  the  break-point  depth ,  6  cm  i n  th is  case,  wh i le  the  nom inal  focus  of  the  
transducer,  and  the  pos i ti on  of  maximum  calcu lated  temperature  r ise,  i s  at  2, 8  cm .  

•  The  model  for  calcu lat ing  TI assumes  some cool i ng  by blood  perfus ion .  For appl ications  
where  poorl y perfused  t i ssues  are  i nsonated,  the  TI may underestimate  the  numerical  
value  of  the  worst-case  temperature  rise,  and  the  TI d isplayed  during  such  a c l i n ical  exam  
shou ld  accord ing l y be  main tained  at  a  lower value  than  i s  usual l y employed .  Conversel y,  
when  scann ing  wel l -perfused  organs,  such  as  hepatic,  card iac or vascu lar structu res ,  the  
value  of  TI d i splayed  may overestimate  the  numerical  value  of  the  actual  temperatu re  ri se.  

•  The  models  use  a f i xed  attenuati on  coeff ic i en t  and  as  such  do  not  take  long ,  l ow-
attenuation  f lu i d  paths  i n to  account.  I n  such  cases,  the  u l trasound  energy wi l l  not  be  
absorbed  as  much  as  the  model  assumes  wi th  the  resu l t  that  the  t i ssue  d istal  to  the  f lu i d  
path  may be  exposed  to  h igher energy l evels  than  the  models  pred ict.  For example,  
scann ing  th rough  a fu l l  b ladder or  amn ioti c  f l u i d  may resu l t  i n  d isplayed  TI values  that  
underestimate  numerical  value  of  the  actual  temperature  ri ses.  On  the  other hand,  the  
f i xed  attenuati on  coeff ic i en t  used  (0, 3  dB  cm

- 1
MHz

- 1
)  i s  cons iderabl y smal l er than  average  

values  for human  t i ssue.  Therefore,  i n  many cases,  t i ssues  may be  exposed  to  l ower leve ls  
of  energy than  the  models  pred ict.  

•  The  mean ing  of  “reasonable  worst  case”  i s  taken  as  that  g i ven  by the  World  Federation  for 
U l trasound  i n  Med icine  and  B iology [43] ,  namely “ that  set  of  t i ssue  propert i es  and  
d imens ions  such  that  l ess  than  2 ,5% of  patients  have  a h i gher calcu lated  temperatu re  
i ncrease  or other thermal  endpoin t  i f  the i r  actual  t i ssue  propert ies  or  th icknesses  d i ffer 
from  those  employed  i n  the  calcu lat ions” .  
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Annex E  
( in formative)  

 
Di fferences from IEC 62359 Edi tion  1  

 

E.1  General  

The  methods  of  determ ination  set  ou t  i n  Ed i t ion  1  of  th is  standard  are  based  on  those  
con tained  i n  the  s tandard  for Real–Time D isplay of  Thermal  and  Mechan ical  Acoustic  Output  
I nd ices  on  D iagnostic  U l trasound  Equ ipment  [22]  and  were  i n tended  to  yi e l d  i den tical  resu l ts .  

The  models  on  wh ich  these  determ inati ons  are  based  and  the  measurement  and  calcu lat ion  
rat ionale  are  con tained  i n  [22]  and  i n  i ts  secondary references.  Ed i t ion  1  of  th is  standard  has  
fo l l owed  [22] .  Wh i le  Ed i t i on  2  also  fo l lows  [22]  i n  principal  and  uses  the  same bas ic  formu lae  
and  assumptions  (see  Annex  A) ,  i t  contains  a  few s i gn i f i cant  mod i fi cati ons  wh ich  deviate  from  
[22] .   

One  of  the  primary i ssues  deal t  wi th  i n  prepari ng  the  Ed i ti on  2  of  th is  standard  i s   ‘m iss ing ’   TI 

equati ons .  I n  Ed i t ion  1  there  were  not  enough  equati ons  to  make complete  ‘at-surface’  and  
‘be low-surface’  summations  for  TIS  and  TIB  i n  combined-operating  modes .  

Annex F  was  added  to  Ed i t i on  2  of  th is  s tandard  to  support  the  defi n i t i on  and  determ ination  of  
maximum  pos i t ions  and  values  of  Ispta ,  Ispta ,α ,  Isppa  and  Isppa , α  speci f ied  by IEC  60601 -2-37.  

NOTE  Sim i lar  to  the  below-su rface  TI val ues,  these  are  al so  speci f i ed  to  be  found  on  the  beam  axis  beyond  the  

break-poin t  depth  z
bp

.  

E.2  Di fferences from  IEC 62359 Edi tion  1  

Whi le  there  have  been  numerous  ed i torial  changes  and  clari f i cati ons ,  the  techn ical  changes  
and  major ed i torial  c l ari f i cations  in  Ed i t ion  2  come  down  to  a re lat i ve  few.  

Some of  the  major changes  from  Ed i t i on  1  are  re lated  to  the  i n troduction  of  new calcu lat ions  
of  thermal  i nd ices  to  take  i n to  accoun t  both  "at-surface"  and  "below-surface"  thermal  effects:  

TI i n  s i ng le  modes  of  operati on   
 
TISas  

 
•  The  substi tu ti on  of  P1 x1  for  P1  i n  TISas, sc .  

(See  Annex A.4. 1 . 4  and  A. 4. 1 . 5)  
•  The  calcu lat i on  of  TISas, ns  for  al l  aperture  s i zes.   
•  Using  the  same TISas  equation  for both  non-scanning  modes  and  scanning  

modes .   
 
TISbs  

 
•  For non-scanning  modes  the  TISbs, ns  equation  now appl ies  ( i s  calcu lated)  for  al l  

aperture  s i zes .  
•  For scann ing  modes  a  TISbs, sc  equation  has  been  added.   
 

 
TIBbs  

 
•  For scann ing  modes  a  TIBbs, sc  equati on  has  been  added.  

 
TI i n  combined  modes  of  operati on   
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•  The  TI i s  s impl y the  maximum  of  the  ‘At-Surface  Summation ’  or  the  ‘Below-Surface  

Summation ’ .  New i n  Ed i t i on  2  of  the  standard ,  there  i s  an  at-surface  term  (as)  and  
a  below-surface  term  (bs)  for each  acti ve  Transmit  Pattern  regard less  of  whether 
scann ing  or  non-scann ing  or of  apertu re  s i ze.  These  at-surface  and  below-surface  
terms  are  calcu lated  at  al l  t imes.  

 
•  From  Table  1  of  section  5. 6:  
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•  Edition  2 makes clearer that zbp  is  to be appl ied to TISbs, ns ,  TIBbs, ns  and not to MI.   
•  In  Edition  2 a depth for MI (zMI)  is  specifical ly defined.  

 
 
 Psc  

 
•  Explanation  and  equations  have  been  added  to  Annex B  describi ng  the  add i t i onal  

complexi ty and  sources  of  error  i n  the  determ inati on  of  acoustic  ou tpu t  power i n  
scann ing  modes  (Psc) .  Recommended  corrections  are  described  for non-normal  
i nci dence  ( i . e.  i f  measuring  i n  scann ing  modes withou t  arresti ng  the  beam  
scann ing ) .  

 
 
Beam-axis  
 
•  Edi t ion  2  makes  clearer  that  measurements  are  to  be  made  on  the  beam-axis .   
 
NOTE  Transverse  scans  wh i ch ,  at  depths  of  i n terest,  re-aff i rm  that  the  beam-axi s  remains  found  are  
recommended .   

 

Table  E. 1  summarizes  some of  the  major changes.  

NOTE  The  I
spta , α

(z
b, n s

)  and  I
spta , α

(z
s , n s

)  val ues  shown  i n  Table  E . 1  are  not  the  "maximum"  attenuated  spatial -
peak temporal -average i n tensi ty  val ues  descri bed  i n  Annex F,  because  they are  at  the  depth  for  TIB  and  the  
depth  for  TIS,  respecti vel y.  
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Table  E. 1  – Summary of  d i fferences  

Parameter  Ed i t i on  1  Ed i t i on  2  

 
zbp  

 
 

zbp  =  1 ,5  ×  Deq  

 

 

•  No  change  to  formu la 
 

zbp  i s  on l y used  i n  determ in i ng  below-
surface  TI for  non-scanned  modes.  

zbp  i s  also  appl i ed  to  Ispta,  Ispta ,α ,  Isppa  

and  Isppa ,α  determ inati on  described  i n  
Annex F.  

 
 

MI 

 

( )
   

1 /2

awfMIr,

MIC

fzp
MI α

−⋅
=  

 

•  No  change  to  formu la 
 

•  Measure  at  z  =  zMI i s  now stated.  

 
TISas, ns  

 

•  TISns  i s  calcu lated  at-surface  on l y 
when  output  beam  area  (Aob)  i s   
≤  1  cm

2
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•  Calcu late  for  al l  Aob  s izes .  
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TISas, sc  
 

,1

awf1
scas,

TISC

fP
TIS =  

 

,1

awf11
scas,

TIS

x

C

fP
TIS =  

 
 
 

TISbs, ns  

 

•  TISns  i s  calcu lated  on l y when  
output  beam  area  (Aob)  i s  >  1 cm

2
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•  Calcu late  for  al l  Aob si zes  
 

•  No  change  to  formu la 
 

 
TISbs, sc  

 

•  No  formu la speci fi ed .  

 

•  Same formu la as  TISas, sc  

 

,1

awf
scas,scbs,

 

TISC

fP
TISTIB 1 x1==  

 
 

TIBbs, ns  

 

( ) ( ) ( )











=

,2

nsb,

,1

nsb,spta,nsb,

nsbs, ,min
TIBTIB C

zP

C

zIzP
TIB

aaa

 
 

 

•  No  change  to  formu la 
 

•  Measure  at  z  ≥  zbp  i s  now stated.  

 
TIBbs, sc  

 

•  No  formu la speci f i ed .  
 
 
 

 

•  Same formu la as  TISas, sc  

     

,1

awf
scas,scbs,

 

TISC

fP
TISTIB 1 x1==  

 
TICas, ns  

TICas, sc  

 

TIC

DP
TIC

C

/ eq=  

 

•  No  change  to  formu la 
 

 



I EC 62359:201 0+AMD1 :201 7  CSV  – 71  – 

  I EC  201 7  

Annex F 
( in formative)  

 
Rationale  and  determination  of maximum non-attenuated  
and  attenuated  spatial -peak temporal -average in tensi ty 

and  spatial -peak pu lse-average intensi ty values 

F.1  Rationale  

This  standard  establ ishes  parameters  and  methods  re lated  to  thermal  and  non- thermal  
exposure  aspects  of  d i agnostic  u l trason ic  f i e lds  su ff icient  to  calcu late  mechan ical  index  (MI)  
and  thermal  index  (TI)  for  d i splay as  speci fi ed  i n  IEC  60601 -2-37.  

I n  the  process  of  describing  the  determ inati on  of  the  thermal  index  and  the  mechanical  
index ,  th is  standard  defi nes  and  describes  the  key componen ts  for derivi ng  maximum  non -
attenuated  and  attenuated  spatial -peak temporal -average  and  spatial -peak pu lse-average  
i n tens i t ies  at  any depth  z  i n  the  acoustic  f i e ld .  Meanwh i l e,  the  acoustic  ou tpu t  reporti ng  tables  
speci f ied  i n  I EC  60601 -2-37 requ i re  the  provis i on  of  the  spatial  maximum  values  of  these  
parameters  i n  the  acoustic  f i e l d  at  speci f i c  depths  z;  i ncl ud ing  provid ing  spatial  maximum  
values  over al l  depths  z  on  the  beam  axis  beyond  the  break-point  depth ,  and  " l ocal "  spatial  
maximum  values  at  other  depths  on  the  beam  axis .  

NOTE  1  Other  i n terested  part i es  al so  requ i re  provi s i on  of  these  parameters  at  ‘ g l obal ’  spat i al  maximum  pos i t i ons ,  
and  i n  some  cases  have  establ i shed  regu latory l im i ts  on  thei r  val ues .  

NOTE  2  Recal l  from  the  defi n i t i ons  i n  Clause  3  that  "spatial  peak"  i n  the  terms  "attenuated  spati al -peak 
temporal -average i n tensi ty"  and  "attenuated  spati al -peak pu lse-average i n tensi ty"  i s  the  peak value  at  a  g i ven  
depth ,  z  ( i . e .  n ot  the  peak value  over al l  depths ,  z) .  

NOTE  3  The  depths  at  wh i ch  the  MI and  bel ow-surface  TIS  and  below-su rface  TIB  are  determ ined  wi l l  n ot  

general l y  be  the  same  depths  at  wh i ch  the  maximum  values  of  I
spta

,  I
spta , α

,  I
sppa

 or  I
sppa , α

 occu r.  

This  s tandard  refers  to  I EC  621 27-1 ,  I EC  621 27-2  and  I EC  621 27-3  for  defi n i t i ons ,  
speci f ications  of  propert i es  and  cal i bration  of  measurement equ ipment and  for h ydrophone-
based  measurement methods.  I EC  621 27-1  defi nes  various  acoustic  parameters  wh ich  can  be  
used  to  speci fy and  characteri ze  u l trason ic  f i e l ds  propagati ng  i n  water us ing  h ydrophones .  
IEC 61 1 57  also  def ines  vari ous  acoustic  parameters  wh ich  can  be  used  to  speci fy and  
characteri ze  u l trason ic  f i e lds  propagating  i n  water.  

Wh i le  these  s tandards  provide  valuable  i n formation  on  the  measurement of  u l trasound  f i e lds,  
they do  not  describe  standard i zed  determ inati on  of  maximum  non-attenuated  or  attenuated  
spatial -peak temporal -average in tensi ty,  Ispta  and  Ispta ,α  nor  non-attenuated  or  attenuated  
spatial -peak pu lse-average in tensi ty Isppa  and  Isppa ,α.  Therefore,  s tandard ized  means  and  
def in i t ions  for  thei r  determ inati on  are  provided  in  Annex  F.  

I n  combination  wi th  I EC  621 27  and  I EC  61 1 61 ,  th is  s tandard  describes  a complete  set  of  
methods  for  determ in i ng  al l  acoustic  ou tpu t  parameters  for  medical  d iagnostic  u l trason ic  
equ ipment  u sed  wi th i n  the  u l trasound  communi ty,  i ncl ud ing  those  parameters  cal l ed  for by 
I EC 60601 -2-37.  

F.2  Overview 

The  goal  of  th is  Annex  F  i s  to  describe  s tandard i zed  methods  for determ ination  of  maximum  
pos i t ions  and  values  of  non-attenuated  and  attenuated  spatial -peak temporal -average 
in tensi ty  Ispta  and  Ispta ,α ,  and  non-attenuated  and  attenuated  spatial -peak pu lse-average 
in tensi ty  Isppa  and  Isppa ,α,  i n  the  acoustic  f i e l d  of  a  med ical  d iagnostic  u l trasound  device.  
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Other,  non- IEC,  measurement  s tandards  def ine  the  determ ination  of  Ispta ,α  and  Isppa ,α  for  
regu latory agency purposes.  Reference  [44]  i s  used  wide l y and  i s  referenced  i n  I EC  621 27-1 .  
The  methods  l i s ted  i n  th i s  Annex  F  are  i n tended  to  be  cons isten t  wi th  [44] .  

The  standard  attenuati on  coeff ic ient  value  chosen  i s  0 , 3  dB cm–1  MHz–1 ;  the  same value  i s  
i n troduced  and  used  by th is  s tandard  i n  the  deri vati on  of  the  below-surface  thermal  index 
and  the  mechanical  index .  

Another key s im i lari ty to  the  below-surface  thermal  index and  the  mechan ical  index i s  to  
remain  on  the  beam  axis  when  f i nd i ng  the  posi t ion  of  spat ial  maximum  values.  

Sim i larl y,  th is  s tandard  defi nes  the  break-point  depth ,  and  appl ies  i t  i n  the  determ ination  of  
the  below-surface  thermal  i nd ices  TIS  and  TIB  for  non-scanning  modes .  Th is  same break-
point  depth  i s  used  for maximum  Ispta,  Isppa,  Ispta ,α  and  Isppa ,α  and  i s  appl ied  for both  
scanning  modes  and  non-scanning  modes .  

As  shown,  for  non-scanning  modes  one  depth  zpii ,α  i s  used  for the  depth  of  maximum  
Ispta ,α  and  depth  of  maximum  Isppa ,α,  and  one  depth  zpii  i s  used  for  the  depth  of  maximum  
Ispta  and  depth  of  maximum  Isppa .  

However,  as  shown ,  for scanning  modes  the  depths  of  maximum  Ispta ,α   and  Isppa ,α   (and  Ispta 
and  Isppa)  can  be  d i fferen t,  and  the  depths  of  maximum  Ispta  and  Ispta ,α  often  are  not  at  the  
same depth  as  they occu r for non-scanning  modes.  

Describing  the  determ inati on  of  the  Ispta ,α  and  Ispta  for  scann ing  modes  i s  the  most  
compl icated  and  large  part  of  Annex F.  F. 3 . 3 .2  and  F.3 . 1 . 4. 2  g i ve  the  summari zed  
express ions  wh i le  C lause  F. 4  g i ves  more  detai l ed  i n formation .  

F.3  Test  methods 

F.3. 1  Common  parameters  

F.3. 1 . 1  Attenuation  coeffi cient  and  frequency 

The acoustic  attenuation  coefficient  value  α  u sed  for the  determ inati on  of  maximum  Ispta , α  

and  Isppa ,α i s  0 , 3  dB  cm
–1  MHz–1  with  l i near  frequency dependence.  

NOTE  1  Th i s  val ue  i s  the  same as  i s  used  i n  the  determ inati on  of  the  MI and  TI,  and  i t  matches  the  attenuati on  
coeffi ci en t  u sed  i n  [41 ]  and  [44] .  

Repeating  Equation  (A. 6)  i n  A. 4. 2. 3:  

The  attenuated  spatial -peak temporal -average in tensi ty  i s  denoted :  

dB)/1 0awf(-

spta,tasp 1 0 )()(
fz 

α zIzI
a=

 

where  

Ispta(z)   i s  the  spatial -peak temporal -average in tensi ty  at  d i stance  z,  

α  i s  the  acoustic  attenuation  coeffi cient ,  

fawf  i s  the  acoustic-working  frequency,  and  

z  i s  the  d is tance  from  the  external  transducer aperture  to  the  poin t  of  i n terest.  

NOTE  2  I n  accordance  wi th  3 . 4,  NOTE  2,  and  3 . 24,  the  acoustic-working  frequency i s  determ ined  at  the  depth  
for  peak pu lse-in tensi ty i n tegral  on  the  beam  axis .  

NOTE  3  See  A. 4. 2. 3 ,  5 . 1  and  Clause  D. 2  for  add i t i onal  d i scuss ion .  
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F.3. 1 .2  Use of  the  beam  axis  

Measurements  for  Isppa,  Isppa ,α ,  Ispta  and  Ispta , α  i n  non-scanning  modes  shou ld  be  made on  
the  beam  axis .  

NOTE  Wh i l e  there  can  be  s i de- l obes  wi th  h i gher i n tens i ty  and  pressu re  values ,  the  same methodol ogy and  
j usti f i cati on  as  i s  employed  for  the  below-su rface  thermal  i ndex  and  the  mechanical  i ndex  i s  used ,  fo r  the  sake  of  
measurement  repeatabi l i ty  and  ease.  

F.3. 1 .3  Determination  and  use  of  the  break-point  depth  

Measurements  for Isppa ,  Isppa , α ,  Ispta  and  Ispta, α  i n  scann ing  modes  and  non-scanning  
modes  are  made  at  or  beyond  ( farther-than)  the  break-point  depth  zbp .  

Care  i s  to  be  taken  when  determ in ing  the  zbp  so  that  the  equ ivalent  apertu re  d iameter i s  
correctl y determ ined  us ing  on l y the  –1 2  dB  output  beam  area .  

For scann ing  modes where  u l trason ic scan  l i nes  that  comprise  a frame do  not  have  the  
same –1 2  dB  aperture  s i ze,  the  aperture  s i ze  correspond ing  to  the  cen tral  scan  l i ne  of  each  
sppsi sum  is  to  be  used  i n  the  determ ination  of  the  break-point  depth .  

For combined-operating  modes where  measurement of  mu l ti ple  modes  and  transmit  
patterns  i s  be i ng  performed  s imu l taneous l y,  the  smal lest  break-point  depth  o f  the  act i ve  
modes  i s  to  be  used .  

For combined-operating  modes i n  wh ich  measurements  of  con tribu ti ng  modes  and  transmit  
patterns  are  be ing  performed  sequential l y,  the  break-point  depth  o f  each  separated  mode  i s  
to  be  used.  

F.3. 1 .4  Calcu lation  of  ppsiα(z) ,  ppsi(z) ,  sppsiα(z)  and  sppsi(z)  

F.3. 1 .4. 1  ppsiα(z)  

The  calcu lati on  of  ppsiα(z)  i s  accompl ished  by us ing  Equati on  (27)  (see  3 . 63) .  

NOTE  1  For measurement  pu rposes  of  th i s  s tandard ,  pii
α
 i s  equ i val en t  to  1 /(ρc)  t imes  the  attenuated  pu lse-

pressure-squared  i n tegral  at  depth  z,  when  z  i s  beyond  the  break-poin t  depth ,  wi th  ρc  denoti ng  the  
characteri st i c  acousti c  impedance  of  pu re  water.  

NOTE  2  3 . 43  g i ves  the  non -attenuated  vers ion  of  th i s  quan ti ty.  

F.3. 1 .4.2  sαppsi(z)  and  sppsiα(z)  and  sppsi(z)  

The fo l lowing  d iscuss ion  i s  for  the  sum  of  attenuated  pu lse-pressure-squared  i n teg rals .  
Appl icati on  to  non-attenuated  sum  i s  the  same,  bu t  can  be  more  s imple  because  the  acoustic  
working  frequency  does  not  need  to  be  known  or  estimated  for each  scan  l i ne.  

The  determ inati on  of  the  sum  of  attenuated  pu lse-pressure-squared  in teg rals  and  the  
attenuated  sum  of  pu lse-pressure-squared  in teg rals  for  ad j acen t  u l trason ic scan  l ines  at  
any depth  z  may be  accompl ished  us i ng  one  of  the  fo l lowing  methods.  General l y,  these  
methods  requ i re  knowledge,  a  priori  or  determ ined ,  of  the  number of  ul trasonic scan  l i nes  
per scan  frame,  the  number of  transm i t  pu lses  per scan  l i ne  and  the  acoustic  working  
frequency or a frame tri gger  that  s ignals  the  s tart/stop  of  repeati ng  frames.  

NOTE  1  See  F. 4. 2  for  add i t i onal  d i scuss ion  of  these  methods.  

NOTE  2  See  I EC  621 27-1 :2007,  Annex F,  fo r  add i t i onal  d i scuss ion  of  these  sppsi(z)  determ inati on  methods.  

Whi le  ei ther method  a)  or  b)  can  be  employed ,  i t  can  be  seen  that  as  the  pu lse  sequencing  
becomes  i ncreas ing l y compl icated ,  i ncreased  knowledge  of  the  pu lses  and  th e  pu lse  
sequencing  i s  requ i red .  
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a)  Scann ing  u l trason ic  scan  l ines  past  a  s tati onary h ydrophone  

Th is  may be  accompl ished  by:  

1 )  us ing  a  l ong  record  d i g i t i zer to  sum  the  ppsi values  i n  one  l ong  record,  or  

2)  vi a an  e lectron ic  mask or e lectron ic  tri gger wh ich  s i gnals  one  u l trasonic scan  l i ne  at  

a  t ime  so  that  the  ppsi(z)  for  each  transm i t  pu lse  down  that  l i ne,  n,  can  be  acqu i red  and  
added  to  the  sppsi sum .  

For e i ther method  1 )  or  2)  above,  i f  al l  transm i t  pu lses  i ncl uded  i n  the  sum  are  NOT 
i dentical ,  then  the  fawf  val ue  of  each  pu lse  i s  to  be  obtained  and  the  attenuated  pu lse-

pressure-squared  in teg ral  ppsiα(z)  calcu lated  for  each  transm i t  pu lse.  The  sum  of  

attenuated  pu lse-pressure-squared  i n tegrals  sppsiα(z)  i s  thus  obtained.  

I f  al l  transm i t  pu lses  i ncl uded  in  the  sum  are  i den tical ,  then  the  sppsi(z)  value  may be  
determ ined  separate l y and  one  attenuati on  factor appl i ed  to  obtain  the  attenuated  

sum  of  pu lse-pressure-squared  in teg rals  sαppsi(z)  wh ich  i n  th is  case  i s  equ ivalen t  to  

the  sppsiα(z) .  

b)  Scann ing  a  h ydrophone  past  a  s i ng le  stati onary u l trason ic  scan  l ine  

Th is  method  can  yi e l d  est imates  of  the  attenuated  sum  of  pu lse-pressure-squared  

in teg rals  sαppsi(z)  and  the  sum  of  attenuated  pu lse-pressure-squared  in teg rals  

sppsiα(z)  wh ich  are  reasonabl y accurate  when  al l  u l trasonic scan  l ines use  identical  
transm i t  pu lses  (fawf ,  pu l se  l eng th ,  pu lse  shape,  pu lse  focusing  and  aperture,  etc. ) .  

Th is  method  cons ists  of  scann ing  a h ydrophone  past  a  s i ng le  stat ionary u l trason ic scan  
l ine ,  co l l ecti ng  pu lse-pressure-squared  in teg rals  at  mu l ti p le  lateral  beam  (profi l e)  
l ocations  wi th  su ffi cient  spatial  s tep s i ze  (sampl i ng )  such  that  the  pulse-pressure-
squared  i n teg rals  correspond ing  to  the  equ ivalent  l ocations  of  ad jacent  ul trason ic scan  
l ines  scann ing  past  a  s tationary h ydrophone  are  calcu lated.  

Th is  method  requ i res  knowledge  of  the  spacing  between  successive  ul trason ic scan  
l ines .  

NOTE  1  A method  for  experimental l y  determ in i ng  the  spaci ng  between  u l trasound  scan  l i nes  i s  provi ded  i n  
I EC 621 27-1 :2007,  7. 2 . 6. 3 .  

NOTE  2  Another reference  i s  I EC  621 27-1 :201 3+IEC 621 27-1 :201 3/AMD1 :201 3,  8 . 2.  

I f  the  transm i t  pu lses  for al l  ul trasonic scan  l ines  (pu lse  shape,  beamwidth ,  etc. )  are  not  al l  
i dentical ,  then  choosing  a  worst  case  pu lse  and  scan  l i ne  may provide  a  reasonable  over-

estimate.  The  u l trason ic scan  l ine  and  pu lse  yie ld ing  the  l argest  sαppsi(z)  val ue  shou ld  be  
chosen .  Choosing  an  ul trasonic  scan  l i ne  i n  the  cen tre  of  the  scan  shou ld  be  su ff ici ent.  

NOTE  3  Mu l t i pl e  s
α
ppsi  sums  may be  needed  at  each  depth  z  i n  order to  f i nd  the  l argest  sum .  

F.3. 1 .5  Measurement  depth  for maximum Ispta ,α,  Ispta ,  Isppa ,α   and   Isppa  

For non-scann ing  modes ,  the  depth  for maximum  Ispta ,α,  zspta , α,max  i s  the  depth  on  the  beam  
axis ,  at  or  beyond  the  break-point  depth ,  where  the  maximum  attenuated  pu lse-pressure-

squared  in teg ral  ( )[ ]zppsi
zz

a
bp

max
≥

 occurs .  Th is  i s  the  depth  for maximum  piiα,  zpii ,α.  

NOTE  1  The  depth  for  maximum  I
spta ,α

,  z
spta ,α,max

,  fo r  non-scanning  modes  i s  equal  to  the  depth  for  

maximum  I
sppa ,α

,  z
sppa , α ,max

,  both  occurri ng  at  z
pii , α .  

For non-scann ing  modes ,  the  depth  for maximum  Ispta ,  zspta,max  i s  the  depth  on  the  beam  
axis,  at  or  beyond  the  break-point  depth ,  where  the  maximum  pulse-pressure-squared  

in teg ral  ( )[ ]zppsi
zz bp

max
≥

 occurs .  Th is  i s  the  depth  for maximum  pii,  zpii.  

NOTE  2  The  depth  for  maximum  I
spta

 (z
spta, max

)  fo r  non -scanning  modes  i s  equal  to  the  depth  for  maximum  

I
sppa

,  z
sppa, max

,  both  occu rri ng  at  zpii.  
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For scanning  modes ,  the  depth  for  maximum  Ispta ,α,  zspta ,α ,max,  i s  the  depth ,  on  the  beam  
axis ,  at  or  beyond  the  break-point  depth ,  where  the  maximum  sum  of  attenuated  pu lse-

pressure-squared  in teg rals  ( )[ ]zsppsi
zz

a
bp

max
≥

 occurs .  Th is  i s  the  depth  for maximum  siiα,  

zsii ,α.  

For scanning  modes ,  the  depth  for maximum  Ispta ,  zspta,max,  i s  the  depth ,  on  the  beam  
axis ,  at  or  beyond  the  break-point  depth ,  where  the  maximum  sum  of  pu lse-pressure-

squared  in teg rals  ( )[ ]zsppsi
zz bp

max
≥

 occu rs.  Th is  i s  the  depth  for  maximum  sii,  zsii.  

NOTE  3  See  F. 3 . 1 . 3  regard i ng  the  break-point  depth  to  use  when  the  u l trasonic  scan  l i nes  do  not  have  the  
same –1 2  dB  apertu re  s i ze.  

For non-scanning  modes  and  for  scann ing  modes ,  the  depth  for  maximum Isppa ,α,  
zsppa , α ,max,  i s  the  depth  on  the  beam  axis ,  at  or  beyond  the  break-point  depth ,  where  the  

maximum  attenuated  pu l se-pressure-squared  i n tegral  ( )[ ]zppsi
zz

a
bp

max
≥

 occurs .  Th is  i s  the  depth  

for maximum  piiα,  zpii ,α.  

NOTE  4  Th i s  i s  the  same  depth  as  for  maximum  I
spta , α

 for  non-scanning  modes .  

For non-scann ing  modes  and  for scann ing  modes,  the  depth  for  maximum  Isppa,  zsppa,max,  i s  
the  depth  on  the  beam  axis,  at  or  beyond  the  break-poin t  depth ,  where  the  maximum  pu lse-

pressure-squared  in tegral  ( )[ ]zppsi
zz bp

max
≥

 occurs.  Th is  i s  the  depth  for  maximum  pii,  zpii.  

NOTE  5  Th i s  i s  the  same  depth  as  for  maximum  I
spta  

for  non-scanning  modes .  

F.3.2  Determination  of  maximum  Isppa  and  Isppa ,α  

F.3.2. 1  Non-scanning  and  scann ing  modes  

For non-scann ing  modes  and  scann ing  modes ,  the  maximum  attenuated  spatial -peak 
pu lse-average in tensi ty  shou ld  be  calcu lated  us ing  

 ( ) ( )maxsppa
maxsppad

sppa

1
,,

,,

, zppsi
czt

I aa
a

a ρ
=  (F. 1 )  

and  the  maximum  spatial -peak pu lse-average in tensi ty  shou ld  be  calcu lated  us i ng :  

 ( ) ( )max,sppa
max,sppad

sppa

1
zppsi

czt
I

ρ
=  (F. 2)  

where  

ρc  i s  the  characteris ti c  acoustic  impedance  of  pure  water 

(=  1 , 48  ×  1 06  
kg  m -2  s - 1  at  20  °C) ;  

td(zsppa ,α,max)  i s  the  pu lse  duration  at  the  depth  for maximum Isppa ,α;  

td(zsppa ,max)  i s  the  pu lse  duration  at  the  depth  for maximum Isppa;  

ppsiα(zsppa ,α ,max)  i s  the  attenuated  pu lse-pressure-squared  in teg ral  at  the  depth  for 
maximum  Isppa ,α;  

ppsi(zsppa ,max)  i s  the  pu lse-pressure-squared  in teg ral  at the  depth  for maximum Isppa .  

NOTE  1  I n  con trast  to  Equati ons  (28)  and  (29) ,  Equati ons  (F. 1 )  and  (F. 2)  describe  one  depth  each .  
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NOTE  2  As  shown  i n  Equati ons  (F. 1 )  and  (F. 2)  and  per def i n i t i on  3 . 65  and  3 . 81 ,  the  pu l se  du rati on  value,  t
d
,  i s  

determ ined  at  z
sppa , α ,max  

and  z
sppa ,max

,  respecti vel y.  

F.3.2.2  Combined-operating  modes  

For combined-operating  modes ,  the  maximum  attenuated  spatial -peak pu lse-average 

in tensi ty Isppa ,α  val ue  shou ld  be  the  largest  of  the  Isppa ,α  values  of  the  consti tuen t  transmit  

patterns  

 ( ) ( )[ ]kpiizkIzI ,,,,,, ,patterntransmitsppa
patternstransmital l

maxsppasppa max aaaa =  (F. 3 )  

and  the  maximum  spatial -peak pu lse-average in tensi ty Isppa  value  shou ld  be  the  l argest  of  
the  Isppa  values  of  the  consti tuent  transmit  patterns  

 ( ) ( )[ ]kpiizkIzI ,, ,patterntransmitsppa
patternstransmital l

maxsppasppa max=  (F. 4)  

F.3.3  Determination  of  maximum  Ispta,α  and  Ispta  

F.3.3. 1  Non-scanning  modes  

For non-scann ing  modes ,  the  maximum  attenuated  spatial -peak temporal -average 
in tensi ty  shou ld  be  calcu lated  us i ng :  

 ( )[ ] ( )aaaa ρρ ,
bp

max,spta pii
zz

zppsi
c

prr
zppsi

c

prr
I =










=

≥
 (F. 5)  

and  the  maximum  spatial -peak temporal -average in tensi ty  shou ld  be  calcu lated  us i ng :  

 ( )[ ] ( )pii
zz

zppsi
c

prr
zppsi

c

prr
I

ρρ
=










=

≥ bp

maxspta  (F. 6)  

where  

ppsiα  i s  the  attenuated  pu lse-pressure-squared  i n teg ral ;  

ppsi  i s  the  pu lse-pressure-squared  in teg ral ;  

zbp  i s  the  break-point  depth ;  

zpii  i s  the  depth  for maximum pii  (=  zspta ,α,max)  on  the  beam  axis ;  

zpii ,α  i s  the  depth  for maximum  piiα  (=  zspta ,α,max)  on  the  beam  axis ;  

ρc  i s  the  characteristic  acoustic  impedance  of  pure  water ( 1 , 48  ×  1 06  kg  m -2  s - 1  at  20  °C) ;  

prr  i s  the  pu lse  repeti t ion  rate  o f  the  non-scanning  mode .  

NOTE  1  I n  con trast  to  Equati on  (5)  i n  3 . 1 0  and  to  the  descripti on  i n  3 . 54,  Equati ons  (F. 5)  and  (F. 6)  describe  one  
depth  each .  

NOTE  2  Equati on  (F. 6)  i s  mod i f i ed  f rom  I EC  621 27-1 :2007,  as  the  break-point  depth  i s  appl i ed  to  i t .  

NOTE  3  For these  cal cu l ati ons ,  an  average  pu l se repeti tion  period  i s  u sed  (see  3 . 3,  3 . 44  and  3 . 55) .  

F.3.3.2  Scanning  modes  

For scann ing  modes ,  the  maximum  attenuated  spatial -peak temporal -average i n tensi ty  
shou ld  be  calcu lated  usi ng :  
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 ( )[ ] ( )aaaa ρρ ,siizz
zsppsi

c

srr
zsppsi

c

srr
I

,
=








=

≥ bp

maxspta
 (F. 7)  

and  the  maximum  spatial -peak temporal -average in tensi ty shou ld  be  calcu lated  us i ng :  

 ( )[ ] ( )siizz
zsppsi

c

srr
zsppsi

c

srr
I

ρρ
=








=

≥ bp

maxspta
 (F. 8)  

where  

( )[ ]zsppsi
zz a
bp

max
≥

 i s  the  maximum  sum  of  attenuated  pulse-pressure-squared  in teg rals  

i n  one  frame of  ul trasonic scan  l ines  at  depth  z;  

( )[ ]zsppsi
zz bp

max
≥

 i s  the  maximum  sum  of  pu lse-pressure-squared  in teg rals  i n  one  frame 

of  ul trason ic  scan  l i nes  at  depth  z;  

zbp  i s  the  break-point  depth ;  

zsii,α  i s  the  depth  for maximum  s iiα;  

zsii  i s  the  depth  for maximum sii;  

srr  i s  the  scan  repeti t ion  rate ;  

ρc  i s  the  characteristic  acoustic  impedance  of  pure  water  

(1 , 48  ×  1 06  kg  m -2  s -1  at  20  °C) .  

NOTE  For these  cal cu l at i ons,  an  average  scan  repeti ti on  period  i s  used  (see  3 . 3 ,  3 . 44  and  3 . 55) .  

I t  i s  recommended  to  review the  more  detai l ed  deri vati on  notes  i n  C lause  F.4,  as  wel l  as  the  
gu i dance  i n  I EC  621 27-1 :2007+IEC  621 27-1 :2007/AMD1 :201 3,  7 . 2,  8 . 2  and  Annex  F,  as  wel l  
as  c lause  5 . 5  of  [44] .  

F.3.3.3  Combined-operating  modes  

For combined-operating  modes ,  the  maximum  attenuated  spatial -peak,  temporal -average 
in tensi ty Ispta , α  shou ld  be  calcu lated  us ing :  
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1

spta aaa ρ  (F. 9)  

and  the  maximum  spatial -peak,  temporal -average in tensi ty  Ispta  shou ld  be  calcu lated  us ing :  
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1

spta ρ  (F. 1 0)  

where  

zbp_m in  i s  the  smal lest  break-point  depth  of  the  act i ve  componen t  modes.  

A reasonably conservati ve  est imate  of  t ime-average  quan ti t i es  for combined-operating  
modes  may be  made by determ in ing  each  mode separatel y and  then  combin i ng  the  t ime-
average  estimates  of  the  consti tuen t  acti ve  modes.  



 – 78  – IEC  62359:201 0+AMD1 :201 7  CSV  

    I EC  201 7  

 
( )( )∑=

k_

,,,
kz,kII ,

mode
discrete

maxsptasptaspta aaa  (F. 1 1 )  

where  each  Ispta,  α  (k,  zspta ,α ,max(k) )  i s  determ ined  accord ing  to  F. 3. 3 . 1  and  F.3 . 3. 2.  

That  i s  
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For  (non-attenuated)  spatial -peak temporal -average in tensi ty  Ispta  the  equati ons  are:  

 
( )( )∑=
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maxsptasptaspta  (F. 1 3)  

and  
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NOTE  The  appl i cat i on  of  Equati ons  (F. 9)  th rough  (F. 1 4)  requ i res  use  of  the  appropri ate  break-poin t  depths  for 
each  of  the  d i screte  modes.  

F.4 Addi tional  rationale and  derivation  notes  

F.4. 1  Summary steps for  measuring  each  active mode  

The  fo l l owing  steps  are  provided  as  a summary gu ide  for measuring  each  acti ve  mode,  
separate l y.  

•  Determ ine  and  remain  on  the  beam  axis  (see  F. 3. 1 . 2) .  

•  F i nd  the  depth  for maximum pii,  zpii,  beyond  (or at)  the  break-point  depth  zbp  (see  
F. 3 . 1 . 3) .  

•  Determ ine  the  acoustic  working  frequency  fawf  (see  3. 4)  at  th is  depth  zpii  and  the  pulse 
duration  td  (see  3 . 41 ) .  

•  For  scann ing  modes  and  non-scann ing  modes ,  use  the  ppsi  and  the  td  at zpii  for 
calcu lati on  of  maximum  Isppa.  

•  For non-scann ing  modes ,  use  the  value  of  ppsi  at zpii  for  the  calcu lat ion  of  the  maximum  
Ispta.  

•  Use  fawf  and  the  acoustic  attenuati on  coeff ic ien t  value,  α ,  to  l ocate  the  depth  for maximum  

piiα(z)  beyond  or  at  the  break-po in t  depth  zbp .  

•  Determ ine  the  pu lse duration  td  (see  3 . 41 )  at  th is  depth  zpii ,α .  

•  For non-scann ing  modes,  u se  the  value  of  ppsiα at  zpii ,α  for  the  calcu lat i on  of  maximum  

Ispta , α .  

•  For  scanning  modes  and  non-scanning  modes ,  u se  ppsiα  at  zpii ,α  and  td   at zpii ,α  for 
calcu lat i on  of  maximum  Isppa , α.  
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•  For scann ing  modes,  adheri ng  to  the  break-point  depth  zbp  and  referri ng  to  F. 3. 3. 2  and  
F.4. 2  and  F. 4. 3 ,  f i nd  the:  

– depth  for  maximum sii,  zsii,  and  the  value  there  o f  maximum  Ispta;  

– depth  for  maximum siiα,  zsii ,α,  and  the  value  there  of  maximum  Ispta, α .  

F.4.2  Notes  regard ing  determination  of  sαppsi(z)  and  sppsiα(z)  

F.4. 2  g i ves  add i t i onal  notes  to  accompany F. 3. 1 . 4. 2.  

The  general  principles  for measuri ng  temporal  average  acoustic  ou tpu t  parameters  for 
scanning  modes  can  be  summari zed  as  fo l l ows.  

Temporal  average  parameters  are  determ ined  by the  cumu lati ve  effects  of  the  overlap  of  
beams  generated  duri ng  the  scan  repeti t ion  period .  Temporal  average in tensi ty  for  a  
scanning  mode ,  when  measured  at  a  po i n t,  i s  determ ined  by the  sum  of  the  energy f luencies  
at  the  po in t  resu l ti ng  from  the  various  beams transm i tted  du ri ng  each  scan  and  the  scan  
repeti t ion  rate .  

The  determ inati on  of  the  sum  of  pu lse-pressure-squared  i n tegrals  and  the  sum  of  attenuated  
pu lse-pressure-squared  i n tegrals  are  the  key to  determ inati on  of  the  temporal -average  
i n tens i ty i n  scann ing  modes.  

The  general  form  of  the  sum  of  attenuated  pu lse-pressure-squared  in teg rals  sppsiα(z)  i s  

expressed  as  fo l l ows:  
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 (F. 1 5)  

where  

m  i s  the  cen tral  u l trason ic  scan  l ine  o f  the  scan  or series  of  
scan  l i nes  i n  a  frame.  By convention ,  the  cen tral  l i ne  m  can  
be  considered  the  median  l i ne,  and  for sector scan  formats  
the  l i ne  wi th  beam  axis  most  cl osel y paral le l  to  the  z  ax is  
(depth  axis)  of  the  h ydrophone  scann ing  system ;  

m  +  j (  j  =  …  -2 ,  - 1 ,  0 ,  1 ,  2 ,  … )  i s  the  u l trason ic scan  l ines adjacen t  to  the  cen tral  
ul trason ic scan  l ine ;  

nm  +  j   i s  the  number of  pu lses  transm i tted  down  l i ne  m  +  j;  

( )zppsi njm ,, +a  i s  the  attenuated  pulse-pressure-squared  i n teg ral  of  pu lse  

number n  down  l i ne  m  +  j,  as  measured/detected  by a  
h ydrophone  at  depth  z  a l i gned  wi th  l i ne  m.  

NOTE 1  This is  an  important distinction:  ( )zppsi njm ,, +a  does not represent the ppsiα  measured on the beam axis  of l ine 

‘m+ j ’ ,  i t  i s  the  ppsi
α  
(z)  of  the  nth  pu l se  down  l i ne  m+ j  as  measured  on  the  beam  axi s  o f  the  cen tral  u l trason ic  

scan  l i ne  m.  
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For the  case  where  the  pu lses  transm i tted  down  a particu lar u l trasonic scan  l ine  are  
i dentical ,  Equation  (F. 1 5)  may be  s impl i f ied  to:  

( ) ( ) ( ) ( ) ( ) ( ) . . .. . . 2,21,1,1,12,2 ++++++= ++++−−−− zppsinzppsinzppsinzppsinzppsinzsppsi mmmmmmmmmm aaaaaa  (F. 1 6)  

where  

nm  +  j    i s  the  number of  pu lses  per scan  l i ne  for u l trasonic  scan  l ine  m  +  j  (j  =  …  –2,  –1 ,  0 ,  
1 ,  2 ,  … ) .  

I f  the  pu lses  down  al l  u l trasonic scan  l ines  i ncl uded  i n  the  sum  are  i denti cal ,  then ,  because  
they share  the  same acoustic  working  frequency,  they wi l l  share  the  same estimated  
attenuation  at  depth  z.  I n  th is  case,  Equati on  (F. 1 6)  i s  equ ivalent  to:  

( ) ( )
( ) ( ) ( ) ( ) ( )( ). . .. . .1 0 22111122

dB1 0/awf ++++++=

=

++++−−−−
− zppsinzppsinzppsinzppsinzppsin

zppsiszsppsi

mmmmmmmmmm
zfa

aa

(F. 1 7)  

I n  add i t i on ,  when  the  number of  pu lses  down  each  l i ne  i ncluded  i n  the  sum  i s  the  same 
(nm  +  j  =  n) ,  then  Equation  (F. 1 6)  s impl i f i es  fu rther:  

( ) ( ) ( ) ( ) ( ) ( )( ). . .. . . 2,1,,1,2, ++++++×= ++−− zppsizppsizppsizppsizppsizsppsi mmmmmn aaaaaa  (F. 1 8)  

and  (again )  i f  al l  the  pu lses  down  al l  l i nes  i n  the  sum  are  identical :  

( ) ( )
( ) ( ) ( ) ( ) ( )( ). . .. . .1 0 2112

dB1 0/awf ++++++×=

=

++−−
− zppsizppsizppsizppsizppsi

zppsiszsppsi

mmmmm
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n
a

aa

 (F. 1 9)  

NOTE  2  As  i l l ustrated  by compari ng  Equati ons  (F. 1 5)  to  (F . 1 9) ,  the  sum  of  attenuated  pu lse-pressure-squared  
i n tegrals  wi l l  be  equal  to  the  attenuated  sum  of  pu lse-pressure-squared  i n tegrals  at  depth  z  i f  each  u l trasonic  
scan  l i ne  i n  the  frame  wh ich  i s  i ncl uded  i n  the  sum  has  the  same acoustic  working  frequency.  Therefore,  when  i t  
i s  poss ible  to  part i t i on  scanned  modes  i n to  g roups  of  u l trasonic  scan  l i nes  wi th  the  same  f

awf
 val ues,  then  

approximati ng  sppsi
α  
wi th  sαppsi may be  a  conven ien t  al ternati ve.  

NOTE  3  Defi n i t i ons  i n  I EC  61 1 57:2007+IEC 61 1 57:2007/AMD1 :201 3,  and  I EC  60601 -2-37:2007+IEC 60601 -2-
37/AMD1 :201 5  for  " number of  pu l ses  per u l t rason i c  scan  l i ne"  con tai n  add i t i onal  d i scuss ion  and  examples.  

F.4.3  Further in formation  regard ing  scann ing  modes  

The  d iscuss ion  g i ven  in  I EC  621 27-1 :2007 associated  wi th  i ts  Equati ons  (1 7)  and  ( 1 8)  i n  
7. 2. 6 .3  describes  ad j acent  scan  l i nes  i n  a  s i ng le  scan  plane.  However,  the  u l trason ic  scan  
l ines  ad jacen t  to  the  cen tral  ul trason ic scan  l ine  cou ld  l i e  i n  mu l t i ple  p lanes,  as  may be  the  
case  for 3D  scann ing  modes .  The  equati ons  wou ld  s t i l l  appl y,  as  wou ld  the  methods  and  
equati ons  i n  F. 3 . 1 . 4. 2 ,  F. 3 . 3 . 2  and  F. 4. 2.  Knowledge  of  the  locati on  of  the  u l trason ic scan  
l ines  i s  st i l l  needed  i f  appl yi ng  method  b)  i n  F. 3 . 1 . 4. 2 .  A search  i n  the  azimuth  (x)  or  e levation  

(y)  d i rection  at  depth  z  may be  needed  to  f i nd  the  maximum  sppsiα  val ue  on  a  p lane  at  depth  z.  

I n  scann ing  modes ,  a  series  of  i n terrogating  beams may be  steered  through  a  success ion  of  
azimuthal  ( i . e.  i n -plane  l ateral )  d i rections  wi th i n  a  s i ng le  or  succession  of  (e levation  d i recti on)  
target  p lanes.  

I n  the  s implest  scann ing  mode ,  al l  transm i tted  beams  may exh ibi t  the  same focal  
characteris t ics  along  the i r  respecti ve  beam  axes ;  the  beams may d i ffer on ly i n  the  orientati on  
of  the  beam  axes .  Thus,  the  temporal  peak and  pu lse  average  parameters  of  al l  beams  
(considered  separate l y) ,  as  wel l  as  the  scanning  mode  i tse l f,  are  i dentical .  The  temporal  
average  parameters  for  the  mode  are  determ ined  by the  pu lse-pressure-squared  i n tegrals  
o f  an  i nd i vi dual  beam ,  the  degree  of  spatial  overlap of  the  beams  i n  the  formation  of  the  
overal l  scan ,  and  the  scan  repeti tion  rate .  
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For 2D  scann ing  modes ,  there  i s  on l y one  e levati on  target  plane,  and  the  rate  at  wh ich  the  
azimuthal  scann ing  pattern  i s  repeated  i s  the  scan  repeti t ion  rate (srr) .  Mu l t ip l yi ng  the  

( )[ ]zsppsi
zz bp

max
≥

 and  ( )[ ]zsppsi
zz

a
bp

max
≥

 by th is  rate  yi e l ds  the  maximum  non-attenuated  and  

attenuated  temporal  average  i n tensi ty values.  

I n  some 3D  and  4D  modes,  the  p lane  of  exam inati on  i s  au tomatical l y swept th rough  the  target  
space  i n  the  e levation  d i recti on .  Thus,  wh i l e  the  scann ing  pattern  may appear to  be  repeti t i ve  
i n  the  range-azimu th  plane,  the  scann ing  pattern  i s  not  repeti t i ve  at  any po in t  i n  the  target  
vo lume due  to  motion  of  the  scan  plane.  As  cons idered  i n  th is  standard ,  two  approaches  may 
be  taken .  

Th is  e l evati on  motion  i s  d isregarded,  and  the  sum  of  pu lse-pressure-squared  in teg rals  i s  
determ ined  over the  period  of  repeti t i on  i n  the  range-azimuth  plane,  and  then  the  scan  
repeti t ion  rate  i s  determ ined  from  th is  period .  Th is  l eads  to  a conservati ve  over-estimate  of  
the  temporal  average in tensi ty.  

The  e levation  motion  i s  not  d isregarded ,  the  sum  of  pu lse-pressure-squared  in teg rals  i s  
determ ined  over  al l  u l trason ic  scan  l ines  making  one  vo lume,  wi th  the  scan  repeti t ion  rate  
being  the  vo lume repeti ti on  rate.  

I n  more  complex scanning  modes ,  the  transm i tted  beams  may exh ibi t  two  or  more  sets  of  
focal  characteristics.  I n  some systems,  certain  scann ing  modes  may employ two  or more  
d isti nct  focal  patterns,  each  focused  at  a  d i fferent  depth ,  to  create  a s i ng le,  overal l  scan .  
I n  st i l l  other systems,  such  as  phased  array sector  devices,  beam  focal  characteris t ics  may 
vary wi th  steering  ang le  as  wel l .  I n  these  more  complex modes,  the  temporal -peak and  pu lse-
average  parameters  for a  g i ven  mode  are  determ ined  by the  maximum  values  that  occur for  
any beam  wi th i n  the  scan .  The  temporal  average  parameters  for the  mode  are  determ ined  by  
the  pu lse-pressure-squared  in teg rals  and  the  sum  of  pu lse-pressure-squared  in teg rals  
and  the  sum  of  attenuated  pu lse-pressure-squared  in teg rals  o f  the  d i fferent  beam  types,  
the  degree  and  pattern  of  spatial  overlap of  the  d i fferent  beam  types  i n  the  formation  of  the  
overal l  scan ,  and  the  scan  repeti tion  rate .  
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