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FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for s tandard izati on  compris i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  ob ject  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  S tandards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports,  Publ i cl y  Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC 
Publ i cation(s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-
governmental  organ i zations  l i a i s i ng  wi th  the  I EC al so  parti ci pate  i n  th i s  preparati on .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ ization  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement  between  the  two organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y as  possi ble,  an  i n ternational  
consensus  of opin ion  on  the  re l evant sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  al l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cati ons  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accurate,  I EC  cannot be  he l d  responsibl e  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Publ i cati ons  
transparen tl y to  the  maximum  exten t poss ibl e  i n  thei r national  and  reg i ona l  publ i cati ons.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  sha l l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC provi des  no  marking  procedure  to  i n d icate  i ts  approval  and  cannot  be  rendered  responsi ble  for any 
equ i pment  declared  to  be  i n  conform i ty wi th  an  I EC Publ i cation .  

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

7)  No  l i abi l i ty shal l  attach  to  I EC or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC Nati onal  Comm i ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any nature  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  of the  publ i cation ,  use  of,  or rel i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  possib i l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  sub ject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t ri gh ts.  

DISCLAIMER 
This  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 CISPR 1 6-4-4 bears  the  ed i tion  number 2 .1 .  I t  consists  of 
the  second  ed i tion  (2007-070)  [documents  C ISPR/H /1 47/DTR and  CISPR/H /1 53/RVC]  and  
i ts  amendment 1  (201 7-06)  [documents  CIS/H/31 3/DTR and  CIS/H/31 9/RVC] .  The 
technical  content  i s  identical  to  the  base  ed i tion  and  i ts  amendment.  
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In  th is  Red l ine  version ,  a  vertical  l i ne  i n  the  margin  shows  where the technical  content 
is  modified  by amendment 1 .  Add itions  are  i n  green  text,  deletions  are  in  strikethrough  
red  text.  A separate  Final  version  with  al l  changes  accepted  i s  avai lable  in  th is  
publ ication .  

The  main  task of I EC techn ical  comm ittees  i s  to  prepare  I n ternational  Standards.  However,  a  
techn ical  comm ittee  may propose the  publ ication  of a  techn ical  report when  i t  has  col l ected  
data  of a  d i fferent kind  from  that wh ich  is  normal ly publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

Th is  second  ed i tion  of CI SPR 1 6-4-4,  wh ich  i s  a  techn ical  report,  has  been  prepared  by 
CISPR subcommittee  H :  L im i ts  for the  protection  of rad io  services.  

Th is  second  ed i tion  of CISPR 1 6-4-4  contains  two thorough ly updated  Clauses  4  and  5,  
compared  wi th  i ts  fi rst ed i tion .  I t  a lso  con tains,  i n  i ts  new Annex A,  va lues  of the  class ica l  
CI SPR mains  decoupl i ng  factor wh ich  were  determ ined  by measurements  i n  rea l  LV AC mains  
grids  i n  the  1 960s.  I t  i s  deemed  that these  mains  decoupl i ng  factors  are  s ti l l  val i d  and  
representati ve  a lso  for modern  and  wel l  main tained  LV AC mains  gri ds  around  the  world .  

The  i n formation  i n  C lause  4  – Statistics  of compla in ts  and  sources  of i n terference – was  
accompl ished  by the  h istory and  evolu tion  of the  CISPR statistics  on  complain ts  abou t rad io  
frequency i n terference  (RFI )  and  by background  i n formation  on  evolu tion  i n  rad io-based  
communication  technolog ies .  Furthermore,  the  forms  for col l ation  of actual  RFI  cases  were  
detai l ed  and  structured  i n  a  way a l l owing  for more  qual i fi ed  assessment and  evaluation  of 
compi led  annual  data  i n  regard  to  the  i n terference  s i tuation ,  as  e . g .  fixed  or mobi l e  rad io  
reception ,  or analogue  or d i g i ta l  modu lation  of the  i n terfered  wi th  rad io  service  or appl ication  
concerned .  

The  in formation  i n  C lause  5  – A model  for the  ca lcu lation  of l im i ts  – was  accompl ished  in  
several  ways.  The  model  i tsel f was  accompl ished  i n  respect of the  remote  coupl i ng  s i tuation  
as  wel l  as  the  close  coupl ing  one.  Further supplements  of th is  model  were  incorporated  
regard ing  certain  aspects  of the  coupl i ng  path  via  i nduction  and  wave propagation  (rad iation)  
of classica l  te lecommun ication  networks.  Fu rthermore,  the  calcu lation  model  on  statistics  and  
probabi l i ty underwent revis ion  and  was  brought i n  l i ne  wi th  a  more  modern  mathematica l  
approach .  Even tual l y the  present model  was  extended  for a  possib le  determ ination  of CI SPR 
l im i ts  i n  the  frequency range  above  1  GHz.  

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

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

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i ti on ,  or 

•  amended .  

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

 

IMPORTANT – The 'colour inside'  logo 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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SPECIFICATION  FOR RADIO DISTURBANCE AND IMMUNITY 
MEASURING APPARATUS AND METHODS – 

 
Part 4-4:  Uncertainties,  statistics  and  l imi t model l ing  – 

Statistics  of complaints  and  a  model  for the  calculation  of l imi ts  
for the  protection  of radio services  

 
 

1  Scope  

This  part  of CISPR 1 6  con tains  a  recommendation  on  how to  deal  wi th  statistics  of rad io  
i n terference  complain ts .  Furthermore  i t  describes  the  calcu lation  of l im i ts  for d isturbance fie ld  
strength  and  vol tage  for the  measurement on  a  test s i te  based  on  models  for the  d istribu tion  
of d is turbances  by rad iated  and  conducted  coupl i ng ,  respectivel y.  

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 ly the  ed i ti on  ci ted  appl i es.  For undated  references,  the  l atest ed i tion  
of the  referenced  document ( i nclud ing  any amendments)  appl i es.  

I EC 60050(1 61 ) ,  International Electrotechnical Vocabulary – Chapter 161 : Electromagnetic 
compatibility 

CI SPR 1 1 ,  Industrial,  scientific and medical (ISM)  radio-frequency equipment – 
Electromagnetic disturbance characteristics – Limits and methods of measurement  

CI SPR 1 6-4-3,  Specification for radio disturbance and immunity measuring apparatus and 
methods – Part 4-3: Uncertainties,  statistics and limit modelling – Statistical considerations in  
the determination of EMC compliance of mass-produced products 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  i n  I EC  60050(1 61 )  as  wel l  as  the  
fol l owing  appl y.   

3. 1   
complain t  
a request for ass istance  made to  the  RFI  i nvesti gation  service  by the  user of a  rad io  receiving  
equ ipment who compla ins  that reception  i s  degraded  by rad io  frequency i n terference  (RFI )  

3.2   
RFI  investigation  service  
i nsti tu tion  having  the  task of investi gati ng  reported  cases  of rad io  frequency i n terference  and  
wh ich  operates  at the  national  basis   

NOTE  Examples  i ncl ude  a  rad io  service  provider,  a  CATV network provider,  an  adm in i stration ,  or a  regu latory 
au thori ty.  

3.3   
source  
any type  of e l ectric  or e l ectron ic equ ipment,  system ,  or (part  of)  i nsta l l ation  emanating  
d isturbances  i n  the  rad io  frequency (RF)  range  wh ich  can  cause  rad io  frequency i n terference  
to  a  certa in  kind  of rad io  receiving  equ ipment  
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4 Statistics  of complaints  and  sources  of interference  

4. 1  In troduction  and  h istory 

The previous  ed i ti on  of CISPR 1 6-4-4  con tained ,  i n  i ts  C lause  4 ,  a  complete  reprin t of CI SPR 
Recommendation  2/3  on  statistics  of complain ts  and  sou rces  of i n terference.  However,  d ue  to  
modern  technolog ical  evolu tion  i n  rad io  systems d i rected  towards  i n troduction  of d ig i ta l  rad io  
services,  and  due  to  i ncreasing  use  of mobi le  and  portable  rad io  appl iances  by the  publ ic,  the  
trad i tional  CISPR statisti cs  of compla in ts  on  rad io  frequency i n terference  are  experiencing  a  
decreasing  s i gn i ficance as  an  i nd icator of the  qual i ty of standard isation  work for the  protection  
of rad io  services  and  appl ications.  That i s  why related  i n formation  i n  th is  ed i ti on  of 
CI SPR 1 6-4-4  i s  reduced  to  the  necessary m in imum  al l owing  i n terested  parties  to  con tinue  
the ir complain t-based  col l ation  of data  on  an  annual  basis .  

I n  order to  accommodate  the  evolu tion  i n  modern  rad io  technology and  mobi le  and  portable  
use  of rad io  receiving  equ ipment,  i t  may be  necessary to  replace  or to  gather the  complain ts-
based  CISPR statistics  by other more  modern  statistics  or means.  These  new statis tics  shou ld  
be  based  on  a  systematic annual  col l ation  of data  abou t degradation  of qua l i ty of rad io  
services  and  reception  due  to  e lectromagnetic d isturbances  occurring  i n  the  envi ronment.  
These  data  wi l l  have  to  be  col lected  and  processed ,  however,  primari l y by the  rad io  service  
providers  themselves.  

4.2  Relationsh ip  between  radio  frequency in terference  and  complaints  

Whatever the  rad io  system  involved ,  officia l  complain ts  usual l y represent on l y a  smal l  subset 
of a l l  occurring  i n terference s i tuations.  Occasional  i n terference general l y does  not l ead  to  an  
officia l  complain t i f i ts  du ration  is  brief or i f i t  happens  on l y once  in  a  wh i le .  I t  i s  on l y when  the  
same in terference s i tuation  occurs  repeti ti vel y that an  official  complain t  i s  reported .  Th is  
s i tuation  a lso  g reatl y depends  on  the  cond i ti ons  of use  (fixed  or mobi l e)  of the  victim  rad io  
system .  

4.2. 1  Rad io  frequency interference  to  a  fi xed  radio  receiver 

Before  the  wide  development of portable  rad io  devices,  rad io  systems that suffered  from  
i n terference were  general l y used  in  fixed  l ocations.  Th is  i s  the  case,  for example  for a  TV set 
i n  a  fl at or home:  i f th is  TV set  i s  regu larl y i n terfered  wi th  by rad iation  or conduction  from  
other equ ipment l ocated  i nside  or j ust ou ts ide  the  house,  then  i t  i s  probable  that a  complain t 
wi l l  be  issued .  The  same  appl ies  i f a  sate l l i te  an tenna,  a  fixed  rad io  l i nk,  or a  cel l u l ar phone 
base  station  suffers  from  rad io  frequency i n terference.  

4.2.2  Rad io  frequency interference  to  a  mobi le  rad io  receiver 

The mu l tip l ication  of portable  rad io  systems such  as  ce l l u lar phones  and  short range  rad io  
systems has  changed  the  cond i ti ons  regard ing  i n terference s i tuations  and  in terference 
compla in ts.  The  abi l i ty for the  user to  move makes i t  eas ier to  resolve  a  particu lar i n terference  
case,  bu t  makes  i t  more  d i fficu l t  to  recogn ise  that an  i n terference case  has  actual l y occurred .  

4.2.3  Consequences  of the  move from  analogue to  d ig i tal  rad io  systems  

I n  add i tion  to  the  cond i tions  of use  of the  victim  rad io  system ,  technolog ica l  evolu tion  in  rad io  
services  wi th  successive  phas ing  ou t of analogue  and  exponentia l  g rowth  of d ig i ta l  
appl ications  a lso  has  consequences  on  the  number of reported  in terference  cases.  

I f a  d ig i ta l  mobi le  phone  or a  wireless  LAN  receiver cannot receive  the  s ignal  from  the  nearest 
base  s tation  or access  poin t because  of an  unwanted  em ission  from  a  nearby equ ipment,  the  
user wi l l  never suspect th is  equ ipment and  wi l l  not even  cons ider the  poss ib i l i ty of an  
i n terference occurring .  He  wi l l  assume that the  coverage of the  network is  poor and  wi l l  move  
to  another p lace  to  make  h is  cal l  or to  get h is  connection .  Furthermore,  as  these  systems are  
general l y frequency ag i l e,  i f one  channel  i s  i n terfered  wi th ,  the  system  wi l l  choose  another 
channel ,  bu t i f a l l  other channels  are  occupied ,  then  the  phone wi l l  i nd icate  that the  network i s  
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busy,  and  once  again ,  the  user wi l l  th ink the  network capaci ty i s  not  large  enough  to  
accommodate  h is  cal l ,  bu t he  wi l l  never suspect an  EMC problem .  

General l y for analogue  systems,  one  can  hear the  i n terference.  Wi th  d ig i ta l  and  mobi l e  
systems,  i n terference  is  much  less  noticeable  (muting  i n  aud io  reception ,  or frozen  images  on  
the  TV set for DVB).  I n  add i ti on ,  modern  d ig i ta l  modu lations  implement complex escape  
mechan isms (data  error correction ,  frequency ag i le  systems,  etc. )  so  that the  system  can  
a l ready be  permanentl y affected  from  an  EMC poin t of view before  an  i n terference  case  is  
actual l y detected .  

4.3  Towards  the loss  of a  precious  ind icator:  in terference complaints  

The evolu tions  detai led  above  – general isation  of mobi le  use  of rad io  receivers  and  the  move  
from  analogue  to  d ig i ta l  rad io  services  – wi l l  not reduce  the  number of i n terference s i tuations,  
bu t con tinues  to  decrease  the  probabi l i ty of getti ng  s ign i ficant numbers  of i n terference  
complain ts  i nd icating  an  existi ng  EMC problem .  So,  a l ong  wi th  the  g rowing  development of 
portable  d i g i ta l  rad io  devices,  the  usefu lness  of trad i tional  i n terference complain ts  statistics  to  
support the  CISPR work wi l l  conti nue  to  d im in ish  i n  importance.  

4.4 CISPR recommendations  for col lation  of statistical  data on  i n terference 
complain ts  and  classification  of in terference sources  

Considering  

a)  that RFI  i nvestigation  services  may wh ish  to  con tinue  publ ication  of statistics  on  
i n terference  complain ts ;  

b)  that  i t  wou ld  be  usefu l  to  be  able  to  compare  the  fi gures  for certa in  categories  of sources;  

c)  that varied  and  ambiguous  presentation  of these  statis tics  often  renders  th is  comparison  
d i fficu l t,  

CISPR recommends  

(1 )  that the  statistics  provided  to  National  Committees  shou ld  be  i n  such  a  form  that the  
fol l owing  in formation  may be  read i l y extracted :  

(1 . 1 )  the  number of compla in ts  as  a  percen tage  of the  tota l  number of sound  broadcast 
receivers  or te levis ion  broadcast receivers  or other rad io  commun ication  receivers  i n  
operation  i n  a  certa in  country,  or reg ion ;  

(1 . 2)  the  re lati ve  aggress ivi ty of the  various  sources  of i n terference  in  the  d i fferen t frequency 
bands;  

(1 . 3)  the  comparison  of the  i n terference  caused  by the  same source  in  d i fferent frequency 
bands;  

(1 . 4)  the  effectiveness  of l im i ts  (CISPR or national )  and  other counter-measures  on  i tems  
(1 . 1 ) ,  (1 . 2) ,  and  (1 . 3);  

(1 . 5)  the  number of sources  of the  same type  i nvolved  i n  a  certa in  i n terference case.  
I n terference may be  caused  by a  g roup of devices,  for example,  a  number of fluorescent  
l amps  on  one  ci rcu i t.  I n  such  cases,  the  number to  be  entered  i n to  the  statis tics  i s  
determ ined  by the  RFI  i nvestigation  service.  

NOTE  To  faci l i tate  compari son  of s tati sti cs,  the  method  used  to  determ ine  the  number of sources  shou ld  
be  stated .  

One source  may cause  many compla in ts  and  one  complain t may be  caused  by more  
than  one  source.  Therefore  i t  i s  cl ear that the  number of sources  and  the  number of 
compla in ts  against  any class i fication  code  may not  be  re lated .  

For the  purpose  of these  statistics,  active  generators  of e lectrical  energy and  apparatus  
and  i nstal lations  wh ich  cause  i n terference by secondary effects  (secondary modu lation)  
are  i ncluded .  See  a lso  appl i ances  of category B  i n  Table  1 ;  
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(1 . 6)  causes  of complain ts  not re lated  to  a  source ,  as  e. g .  unsatisfactory rad io  reception  due  
to  a  l ack of immun i ty of the  rad io  receiving  i nstal l ation  or a  l ack of coverage  wi th  wanted  
rad io  s i gnals ,  see  a lso  appl i ances  of category K i n  Table  1 ;  

(2)  that s tatistics  shou ld  cover a  complete  ca lendar year;  they shou ld  whenever possib le  be  
presented  i n  the  fol l owing  form ,  see  s tandard  forms  in  F igures  1 a  to  1 d ,  wi thou t 
necessari l y employing  more  detai led  categories  than  l i s ted  in  Table  1 .  I t  i s  however not 
i n tended  to  exclude  further subd ivis ions;  these  may be  desi rable,  bu t they shou ld  fi t  i n to  
the  scheme of the  standard  forms  set  ou t below;  the  code  numbers  refer to  the  i tems  
l i sted  i n  Table  1 .  

4.5  Forms  for statistics  of i n terference complaints  

1   Rad io  services  wi th  analogue  modu lation  

1 . 1   F ixed  or s tationary rad io  reception  

Source of i n terference  
or other cause of complaint  

Number of complaints  per rad io  servi ce  
from  each  source  

Classi fication  
code  

Description  Total  number 
i n  each  

i denti fi cation  

Broadcasting  a  Other 

services  b  

Sound  c  Tel evision  c   

LF/ 
MF/ 
HF  

I I  I  I I I  IV/V  

A  1  

2  

1  

1  

        

  e tc.  as  i nd icated  i n  Table  1  

1 . 1  F i xed  or stationary rad i o  reception ,  analogue  
modu lation  

Total s        

a  LF  =  l ow rad i o  frequency ( l ong  waves);  

 MF  =  med ium  rad io  frequency (med i um  waves);  

 HF  =  h i gh  rad io  frequency (short  waves).  

 These  th ree  bands  may e i ther be  g rouped  together,  as  shown ,  or deal t  wi th  separate ly.  

 I I  =  Band  I I  (VHF/sound  broadcasti ng);  

 I  =  Band  I  (VHF/televi s i on  broadcasti ng);  

 I I I  =  Band  I I I  (VHF/tel evi s ion  broadcasti ng );  

 I V/V =  Band  I V/V (UHF/televi s ion  broadcasti ng ).  

b  The  service  and  band  affected  shou ld  be  stated .  

c  At  the  time  of receipt  of complain ts  of i n terference,  i . e.  before  they have  been  i nvesti gated  fu l l y,  i t  may not  be  
poss ible  to  apporti on  the  complain ts  accurately to  the  vari ous  broadcasti ng  services.  I f th i s  i s  so,  then  the  
number of complai n ts  shou ld  be  stated  separatel y for sound  broadcasti ng  and  televi s ion  broadcasti ng .   

 

F igure 1 a  – Standard  form  for statistics  on  in terference complaints  recommended  for 
rad io  services  with  analogue  modu lation  and  fixed  or stationary rad io  reception  
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1   Rad io  services  wi th  analogue  modu lation  

1 . 2   Mobi l e  or portable  rad io  reception  

Source of i n terference  
or other cause of complaint  

Number of complaints  per rad io  servi ce  
from  each  source  

Classi fication  
code  

Description  Total  number 
i n  each  

i denti fi cation  

Broadcasting  a  Other 

services  b  

Sound  c  Tel evision  c   

LF/ 
MF/ 
HF  

I I  I  I I I  IV/V  

A  1  

2  

1  

1  

        

  e tc.  as  i nd icated  i n  Table  1  

1 . 2  Mobi l e  or portabl e  rad io  reception ,  analogue  
modu lation  

Total s        

a  LF  =  l ow rad i o  frequency ( l ong  waves);  

 MF  =  med ium  rad io  frequency (med i um  waves);  

 HF  =  h i gh  rad io  frequency (short  waves).  

 These  th ree  bands  may ei ther be  g rouped  together,  as  shown ,  or deal t  wi th  separate ly.  

 I I  =  Band  I I  (VHF/sound  broadcasti ng);  

 I  =  Band  I  (VHF/televi s i on  broadcasti ng);  

 I I I  =  Band  I I I  (VHF/tel evi s ion  broadcasti ng );  

 I V/V =  Band  I V/V (UHF/televi s ion  broadcasti ng ).  

b  The  service  and  band  affected  shou ld  be  stated .  

c  At  the  t ime  of receipt  of compl ain ts  of i n terference,  i . e .  before  they have  been  i nvesti gated  fu l l y,  i t  may not  be  
possib le  to  apporti on  the  complain ts  accurately  to  the  various  broadcasti ng  services.  I f th i s  i s  so,  then  the  
number of complai n ts  shou ld  be  s tated  separatel y for sound  broadcasti ng  and  te levi s ion  broadcasti ng .  

 

F igure 1 b  – Standard  form  for statistics  on  in terference complaints  recommended  for 
radio  services  with  analogue  modu lation  and  mobi le  or portable  radio  reception  
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2   Rad io  services  wi th  d ig i tal  modu lation  

2 . 1   F ixed  or s tationary rad io  reception  

Source of i n terference  
or other cause of complaint  

Number of complaints  per rad io  servi ce  
from  each  source  

Classi fication  
code  

Description  Total  number 
i n  each  

i denti fi cation  

Broadcasting  a  Other 

services  b  

Sound  c  Tel evision  c   

LF/ 
MF/ 
HF  

I I  I  I I I  IV/V  

A  1  

2  

1  

1  

        

  e tc.  as  i nd icated  i n  Table  1  

2 . 1  F i xed  or stationary rad i o  reception ,  d i g i ta l  
modu lation  

Total s        

a  LF  =  l ow rad i o  frequency ( l ong  waves);  

 MF  =  med ium  rad io  frequency (med i um  waves);  

 HF  =  h i gh  rad io  frequency (short  waves).  

 These  th ree  bands  may ei ther be  g rouped  together,  as  shown ,  or deal t  wi th  separate ly.  

 I I  =  Band  I I  (VHF/sound  broadcasti ng);  

 I  =  Band  I  (VHF/televi s i on  broadcasti ng);  

 I I I  =  Band  I I I  (VHF/tel evi s ion  broadcasti ng );  

 I V/V =  Band  I V/V (UHF/televi s ion  broadcasti ng ).  

b  The  service  and  band  affected  shou ld  be  stated .  

c  At  the  t ime  of receipt  of compl ain ts  of i n terference,  i . e .  before  they have  been  i nvesti gated  fu l l y,  i t  may not  be  
possib le  to  apporti on  the  complain ts  accurately  to  the  various  broadcasti ng  services.  I f th i s  i s  so,  then  the  
number of complai n ts  shou ld  be  stated  separatel y for sound  broadcasti ng  and  te levi s ion  broadcasti ng .  

 

F igure 1 c  – Standard  form  for statistics  on  in terference complaints  recommended  for 
radio  services  wi th  d ig i tal  modulation  and  fixed  or stationary rad io  reception  
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2   Rad io  services  wi th  d ig i tal  modu lation  

2 .2   Mobi l e  or portable  rad io  reception  

Source of i n terference  
or other cause of complaint  

Number of complaints  per rad io  servi ce  
from  each  source  

Classi fication  
code  

Description  Total  number 
i n  each  

i denti fi cation  

Broadcasting  a  Other 

services  b  

Sound  c  Tel evision  c   

LF/ 
MF/ 
HF  

I I  I  I I I  IV/V  

A  1  

2  

1  

1  

        

  e tc.  as  i nd icated  i n  Table  1  

2 . 2  Mobi l e  or portabl e  rad io  reception ,  d i g i tal  
modu lation  

Total s        

a  LF  =  l ow rad i o  frequency ( l ong  waves);  

 MF  =  med ium  rad io  frequency (med i um  waves);  

 HF  =  h i gh  rad io  frequency (short  waves).  

 These  th ree  bands  may ei ther be  g rouped  together,  as  shown ,  or deal t  wi th  separate ly.  

 I I  =  Band  I I  (VHF/sound  broadcasti ng);  

 I  =  Band  I  (VHF/televi s i on  broadcasti ng);  

 I I I  =  Band  I I I  (VHF/tel evi s ion  broadcasti ng );  

 I V/V =  Band  I V/V (UHF/televi s ion  broadcasti ng ).  

b  The  service  and  band  affected  shou ld  be  stated .  

c  At  the  t ime  of receipt  of compl ain ts  of i n terference,  i . e .  before  they have  been  i nvesti gated  fu l l y,  i t  may not  be  
possib le  to  apporti on  the  complain ts  accurately  to  the  various  broadcasti ng  services.  I f th i s  i s  so,  then  the  
number of complai n ts  shou ld  be  s tated  separatel y for sound  broadcasti ng  and  televi s ion  broadcasti ng .  

 

F igure 1 d  – Standard  form  for statistics  on  in terference complaints  recommended  for 
radio  services  wi th  d ig i tal  modulation  and  mobi le  or portable  rad io  reception  

Figure 1  – Standard  forms  for statistics  on  in terference complaints  

For RFI  i nvestigation  services  wh ich  wou ld  l i ke  to  i ssue  reports  on  statis tics  of i n terference  
complain ts  i t  i s  recommended  to  use  the  classi fication  of i n terference sources  set ou t i n  
Table  1 .  Use  of th is  classi fication  wi l l  faci l i tate  comparison  of RFI  s i tuations  observed  i n  
d i fferent  countries.  
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Table  1  – Classification  of sources  of rad io  frequency interference   
and  other causes  of complaint  

Classi fi cation  code  Description  of the  source  

A I ndustri al ,  scien ti fic,  and  medical  ( ISM )  RF  apparatus   (CISPR 1 1 )  

A. 1  I ndustri a l ,  scien ti fi c,  and  med ical  ( I SM)  RF  apparatus   (g roup  2)   i ncl us i ve  m icrowave  
ovens  and  RF  l i gh ti ng  appl i ances  

A. 2  Other i ndustria l  or s im i l ar apparatus   (g roup  2)   as  e . g .  arc  we ld ing  equ ipment or 
spark generati ng  apparatus  (EDM),  etc.  

A. 3  Other i ndustria l  or s im i l ar apparatus   (g roup  1 )   as  e . g .  generators,  motors,  
convertors ,  sem iconductor con trol l ed  devices,  etc.  

B Electri c  power suppl y,  d i stri bution  and  el ectric  traction   (CISPR 1 1 ,  CISPR 1 8)  

B. 1  Power supp ly i nstal l ati ons  (AC or DC vol tages  exceed ing  1 00  kV)  as  e. g .  overhead  
power l i nes,  generati ng  and  swi tch ing  stations,  converti ng  s tations,  etc.  

B . 2  Power supp ly i nstal l ati ons  (AC or DC vol tages  1  kV to  1 00  kV)  as  e. g .  overhead  
power l i nes,  generati ng  and  swi tch ing  stations,  converti ng  stations,  etc.  

B . 3  Low vol tage  (LV)  power supp ly and  d i stri bu tion  (AC or DC vol tages  up  to  1  kV)  

B . 4  E lectri c  traction  as  e. g .  for ra i lways,  tramways,  or trol l ey buses  

C Low power appl iances  as  normal l y used  in  households,  offices   
and  smal l  workshops   (CISPR 1 4)  

C. 1  Motors  i n  househol d  appl i ances  e. g .  i n  e l ectri c  tool s ,  vacuum  cleaners,  etc.  

C. 2  Contact devices,  thermostats ,  etc.  

C. 3  Sem iconductor control l ed  appl i ances  ( l ess  than  1  kW  l oad)  

D Gaseous  d ischarge  and  other l amps  and  l uminaries   (CISPR 1 5)  

 F l uorescent l amps  and  l um inaries,  neon  adverti s i ng  s i gns,  sel f-bal l asted  l amps,  etc.  

E  a  Rad io  broadcast receiving  i nstal l ations   (CISPR 1 3,  CISPR 25)  

E. 1  Sound  broadcast  recei vers  for fi xed  or mobi l e  use  

E . 2  Televi s ion  broadcast recei vers  for fi xed  or mobi l e  use  

E . 3  Cabl e  tel evi s i on  i nstal l ati ons  (CATV)  

F  a  Rad io  communication  systems   ( ITU  Recommendations)  

F. 1  Rad i o  broadcast or commun ication  transm i tters  for fi xed  or mobi l e  use  

F . 2  Rad i o  commun ication  recei vers  for fi xed  or mobi l e  use  

G Ign i tion  systems of i n ternal  combustion  eng ines   (CISPR 1 2)  

 Cars,  motor b i kes,  boats ,  trucks,  etc.  i f propel l ed  by e l ectri cal  means  or i n terna l  
combustion  eng ines  or both ,  excl us ive  e l ectri c  traction  veh icl es  

H  Information  and  communication  technology ( ICT)  appl i ances   (CISPR 22)  

H. 1  Wi re-bound  te l ecommun ication  term inal  equ ipment (TTE)  and  telecommun ication  
equ i pment (TE)  i n  the  i n frastructure  of networks  as  e . g .  i n  te l ecommun ication  
centres,  wi re-bound  LAN ,  etc.  

H . 2  Data  processing  equ ipment  (DPE)  such  as  e . g .  computers  and  anci l l ary equ ipment  

H . 3  Rad i ation  from  wi re-bound  te lecommun ication  networks  

I  I denti fi ed  sources  other than  those speci fi ed   ( IEC  61 000-6-3  and  IEC  61 000-6-4)  

K Other causes  of complain t  

K. 1  Lack of immun i ty of rad io  recei ving  i nstal l ati ons  or other appl i ances  

K. 2  Lack of coverage  of wanted  rad io  service  (weak or fau l ty wan ted  s i gnal s)  

a  On ly those  complain ts  belong  to  the  s tati s ti cs  where  a  rad i o  broadcast recei ving  i nstal l ati on  (E)  or a  component  
of a  rad io  commun ication  system  (F)  was  i den ti fi ed  as  caus ing  the  i n terference.  
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5 A model  for the calcu lation  of l imi ts  

5. 1  In troduction  

A harmon ized  method  of ca lcu lation  i s  an  important precond i tion  for the  efficien t d iscussion  of 
CI SPR l im i ts  by National  Committees  and  the  adoption  of CISPR publ ications.  

5.1 . 1  Generation  of EM  d isturbances  

CISPR publ ications  are  developed  for protection  of rad io  communications  and  often  several  
types  of rad io  networks  are  to  be  protected  by a  s i ng le  em iss ion  l im i t.  

Most e l ectrotechn ical  equ ipment has  the  potentia l  to  i n terfere  wi th  rad io  communications.  
Coupl ing  from  the  source  of e l ectromagnetic d isturbance  to  the  rad io  commun ications  
i nsta l l ation  may be  by rad iation ,  i nduction ,  conduction ,  or a  combination  of these  
mechan isms.  Con trol  of the  pol l u tion  of the  rad io  spectrum  is  accompl ished  by l im i ting  at the 
source  the  l evels  of appropriate  components  of the  e lectromagnetic d isturbances  (vol tage,  
curren t,  fi el d  strength ,  etc. ) .  The  choice  of the  appropriate  component i s  determ ined  by the  
mechan ism  of coupl i ng ,  the  effect of the  d isturbance on  rad io  commun ications  i nsta l l ations 
and  the  means  of measurement avai l ab le.  

5.1 .2  Immunity from  EM  d isturbances  

Most rad io  receiving  equ ipment has  the  poten tial  to  mal function  as  the  resu l t of being  
subj ected  to  EM  d isturbances.  

Protection  of equ ipment i s  accompl ished  by harden ing  the  appropriate  d isturbance en try rou te  
except for the  antenna  i npu t port,  for i n -band  d isturbances.  The  choice  i s  determ ined  by the  
mechan ism  of coupl i ng ,  the  effect of the  d isturbance on  the  e lectron ic  equ ipment and  the  
means  of measurement avai l ab le.  

5. 1 .3  Planning  a  radio  service  

Before  p lann ing  a  rad io  communication  service,  i t  i s  necessary to  decide  upon  the  re l i abi l i ty of 
obtain ing  a  predeterm ined  qual i ty of reception .  Th is  cond i tion  can  be  expressed  in  terms  of 
the  probabi l i ty of the  actual  s i gnal -to- in terference ratio  R  at  the  an tenna  i npu t port of a  
receiver being  greater than  the  m in imum  perm issib le  s i gnal -to- i n terference  ratio  Rp  needed  to  

get a  predeterm ined  qual i ty of reception  α .  That i s :  

 ( )[ ] ασµ =≥ pRR ; RRP  

where  

P [  ]   i s  the  probabi l i ty function ;  

R(µR;σR)   i s  the  actual  s i gnal - to- in terference ratio  as  a  function  of i ts  mean  va lue  (µR)  and  

standard  deviation  (σR) ;  

Rp   i s  the  m in imum  perm issib le  s ignal -to- i n terference  ratio  (protection  ratio);  

α   i s  a  speci fied  value  representing  the  re l i abi l i ty of communications.  

Th is  probabi l i ty cond i tion  i s  the  basis  for the  method  of determ in ing  l im i ts.  
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5.2  Probabi l i ty of in terference  

I n  order to  make recommendations  to  protect adequatel y the  rad io  commun ications  systems 
of i n terest to  the  I TU ,  cons iderable  attention  i s  paid  wi th in  CISPR to  the  probabi l i ty of 

i n terference  occurring .  The  fo l lowing  is  an  extract from  CCIR Report 829  1 ) .  

5.2. 1  Derivation  of probabi l i ty of i n terference  

The Rad io  Regu lations,  Volume 1 ,  Chapter I ,  Defin i ti on  1 . 1 66,  defines  i n terference as  “ the  
effect of unwan ted  energy due  to  one  or a  combination  of em iss ions,  rad iations,  or i nductions  
upon  reception  i n  a  rad io  communication  system ,  man i fested  by any performance  
degradation ,  m isin terpretation ,  or l oss  of i n formation  wh ich  cou ld  be  extracted  i n  the  absence 
of such  unwanted  energy”.  

5.2. 1 . 1  Probabi l i ty of instantaneous  in terference  

Let 

A  denote  "The  desi red  transm i tter i s  transm i tting ";  

B   denote  "The  wanted  s i gnal  i s  satisfactori l y received  i n  the  absence of unwanted  energy" ;  

C   denote  "Another equ ipment i s  producing  unwanted  energy" ;  

D   denote  "The  wanted  s ignal  i s  satisfactori l y received  i n  the  presence of the  unwanted  
energy" .  

Al l  of these  statements  refer to  the  same smal l -time period .  Then ,  accord ing  to  the  defin i tions,  
i n terference means  "A and  B  and  C  and  D*" ,  where  D*  i s  the  negation  or opposi te  of D :  Let 

P(x)  denote  the  "probabi l i ty of x"  and  P(x y)  denote  the  "probabi l i ty of x,  g i ven  y" .  Then ,  the  
probabi l i ty of i n terference during  the  smal l -time  period  is  

 P( I )  =  P(A and  B  and  C  and  D*)  (1 )  

I t  can  be  shown  that th is  can  be  expressed  in  terms  of known  or computable  quanti ties :  

 P( I )  =  [P(B  A)  – P(D A and  C)]  P(A and  C)  (2)  

I t  may be  preferable  to  consider the  probabi l i ty of i n terference  on l y during  the  time that the  
wanted  transm i tter i s  transm itti ng .  Th is  probabi l i ty i s :  

 P′ ( I )  =  P(B  and  C  and  D* A)  (3)  

wh ich  can  be  reduced  to:  

 P′ ( I )  =[P(B  A)  – P(D  A and  C) ]  P(C A)  (4)  

5.2. 1 .2  Discussion  of Equations  (2)  and  (4)  

First,  cons ider the  d i fference between  Equations  (2)  and  (4) .  The  probabi l i ty of i n terference 
can  be  in terpreted  as  the  fraction  of time that i n terference exists.  I n  Equation  (2),  th is  fraction  
i s  the  number of seconds  of i n terference during  a  t ime period  d ivi ded  by the  number of 
seconds  the  wanted  transm i tter i s  transm itting  du ring  the  time period .  Th is  second  fraction  i s  

l arger than  the  fi rst un less  the  wanted  transm i tter i s  on  a l l  the  time.  P(B  A)  is  j ust the  
probabi l i ty that  a  wanted  s i gnal  wi l l  be  correctl y received  when  there  is  no  i n terference,  often  

expressed  as  the  probabi l i ty that S/N  ≥  R  where  S  i s  the  s i gnal  power,  N i s  the  noise  power,  
and  R  i s  the  s ignal -to-noise  ratio  requ ired  for satisfactory service.  I n  some services,  th is  
probabi l i ty i s  ca l led  the  re l i ab i l i ty,  and  i s  often  computed  when  the  system  is  designed .  I t  can  

————————— 

1 )  The  former CCIR Reports  656,  670,  and  829  are  no  l onger ava i l able.  
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be  compu ted  i f system  parameters  (for example,  transm i tter and  receiver location ,  power,  
requ ired  S/N)  are  known  us ing  statistica l  data  on  transm iss ion  l oss  (for example,  

Recommendation  370  2))  and  statistica l  data  on  rad io  noise  (for example,  I TU -R Rec.  P. 372-6  

and  Report 670  3)) .  

Many systems,  such  as  sate l l i te  or m icrowave  re lay poin t-to-poin t  systems,  are  des igned  so  

that  P(B A)  ≈  1 .  I n  other services,  such  as  long-d istance  i onospheric  poin t-to-poin t services,  
or mobi l e  services  near the  edge  of the  coverage  area,  P(B A)  may be  qu i te  smal l .  I n  th is  
l atter case,  the  probabi l i ty of i n terference wi l l  not be  smal l  regard less  of the  other 
probabi l i ti es.  

P(D A and  C)  i s  the  probabi l i ty that the  wan ted  s i gnal  wi l l  be  correctl y received  even  when  
the  unwanted  energy is  presen t.  I t  can  be  compu ted  i f there  is  sufficient i n formation  about the  
l ocation ,  frequency,  power,  etc.  of the  source  of unwan ted  energy.  For examples,  see  the  

references  i n  Report 656  3) .  

Notice  that i t  has  been  assumed  that P(D A and  C)  ≤  P(B A);  that i s ,  i f the  s i gnal  can  be  
received  satisfactori l y i n  the  presence  of unwan ted  energy,  then  i t  can  sure l y be  received  
satisfactori l y i n  the  absence  of the  unwanted  energy.  Thus  P( I )  cannot be  negative.  

P(A and  C)  i s  the  probabi l i ty that the  wan ted  transm i tter and  the  source  of unwanted  energy 
are  on  s imu l taneousl y.  I n  some s i tuations,  the  wanted  transm itter and  source  of unwanted  
energy may be  operated  i ndependen tl y.  For example,  they may be  on  ad jacent channels,  or  
beyond  a  coord ination  d istance.  I n  th is  case,  P(A and  C)  =  P(A)P(C),  where  P(A)  i s  the  
fraction  of t ime that the  wanted  transm i tter i s  em i tti ng ,  and  P(C)  i s  the  fraction  of t ime that the  

unwanted  source  i s  on .  

I n  other s i tuations,  the  operation  may be  h igh l y dependent.  For example,  the  transm itters  may 
be  co-channel  stations  i n  a  d iscip l i ned  mobi l e  service.  I n  th is  case  P(A and  C)  i s  very smal l ,  
bu t perhaps  not zero,  because  a  station  can  be  l ocated  so  that i t  causes  i n terference even  
when  i t  cannot  hear the  other transm itter.  

The  two  transm itters  m igh t both  operate  continuousl y.  For example,  one  m ight be  part of a  
m icrowave  poin t-to-poin t  service,  and  the  other a  satel l i te  sharing  the  same frequency band .  
I n  th is  case,  P(A and  C)  =  1 ,  and  the  probabi l i ty of i n terference  depends  enti re l y on  the  factor 
i n  square  brackets  i n  Equation  (2) .  

S im i l arl y,  P(C A)  =  P(C)  i f the  transm itters  operate  i ndependentl y.  P(C A)  i s  very smal l  i f the  

two transm itters  are  co-channel  s tations  i n  a  d iscip l i ned  l and  mobi le  service;  and  P(C A)  =  1  
i f the  unwan ted  transm i tter i s  on  a l l  the  time.  

I n  general ,  a l l  the  terms  in  Equations  (2)  and  (4)  affect the  probabi l i ty of i n terference,  
a l though  thei r re lati ve  importance  is  d i fferen t i n  d i fferen t services.  

5.3  Ci rcumstances  of interferences  

I n  th is  part,  general  cri teria  are  l a id  down  for establ ish ing  d isturbance l im i ts  for the  purpose  of 
preventing  rad io  frequency i n terference (RFI )  to  happen .  I n  th is  case,  a  d is ti nction  is  made  for 
areas  where  close  coupl i ng  exists  between  noise  sources  and  victim  equ ipment,  and  for areas  
wi th  remote  coupl ing .  

————————— 

2)  I TU -R Rec.  P . 370-7,  VHF and UHF propagation curves for the frequency range from 30 to 1000 MHz.  
Broadcasting Services  was  wi thdrawn  i n  2001 .  

3)  The  former CCIR Reports  656,  670,  and  829  are  no  l onger ava i l able.  
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5.3. 1  Close coupl ing  and  remote coupl ing  

Al though  an  i l l -defined  borderl i ne  exists  between  areas  of close  and  remote  coupl ing  these  
concepts  are  general l y u sed  in  the  fo l lowing  terms.  

Close  coupl ing  refers  to  a  short d istance  between  noise  source  and  receiving  antenna  (for 
example,  3  m  to  30  m )  wh ich  is  the  case  for res iden tia l  sources  i n terfering  wi th  broadcasting  
and  l and  mobi le  receivers  i n  res iden tia l  areas.  I n  general ,  frequencies  up  to  300  MHz are  
cons idered .  

Remote  coupl ing  refers  to  l onger d istances,  usual l y in  the  range  of 30  m  to  300  m ,  wh ich  are  
normal  between  professional  or sem i -profess ional  sources  and  receivers  as  i n  the  case  of 
i nd ividual  areas.  The  re levan t frequency spectrum  is  much  broader:  9  kHz to  1 8  GHz.  

For the  s tatements  g i ven  above,  i t  fo l l ows  that some s im i l ari ty exists  between  close  coupl i ng  
and  near-fie ld  rad iation  cond i tions  on  the  one  hand  and  between  remote  coupl i ng  and  far-fie ld  
rad iating  cond i ti ons  on  the  other hand .  However,  these  concepts  do  not fu l l y correspond  s ince  
at frequencies  below 1  MHz remote  coupl i ng  may occur under near-fie l d  cond i tions  whereas  
for frequencies  above abou t 30  MHz close  coupl i ng  may occur under far-fie l d  cond i ti ons.  I n  
the  majori ty of practical  s i tuations,  however,  the  good  correspondence between  close/remote  
coupl ing  and  near/far-fie l d  cond i ti ons  i s  usefu l  i n  evaluation  of coupl i ng  aspects .  

I t  shou ld  be  noted  that fie ld -strength  measurements ,  wh ich  are  normal l y used  for evaluati ng  
remote  coupl i ng  characteristics,  are  actual l y carried  ou t under near-fie ld  cond i ti ons  i n  the  
l ower end  of the  frequency range.  

Whereas  close  and  remote  coupl i ng  are  general l y used  to  describe  a  d i rect coupl i ng  path  
between  noise  source  and  receiving  an tenna  by means  of el ectric,  magnetic  or rad iation  
fie l ds,  an  add i tional  coupl ing  mode is  conduction  coupl i ng .  I n  th is  case,  the  noise  s ignal  i s  
conducted  by the  mains  network from  the  mains  ou tput of the  source  to  the  mains  i npu t of the  
receiver,  see  a lso  F igure  3 ,  paths  a1  and  a2.  I ns ide  the  receiver the  noise  s i gnal  i s  coupled  
from  the  mains  port(s)  to  sens i ti ve  ci rcu i ts  of the  receiver,  as  e . g .  to  i ts  antenna  port,  or to  i ts  
I F  ampl i fi er ci rcu i try.  Th is  must be  taken  i n to  account when  determ in ing  the  rece iver's  
immun i ty requ irements  to  i n j ected  in -band  RF  d isturbances  at  i ts  mains  port.  

Some wel l -known  d i fferences  exist between  near-fie ld  and  far-fiel d  rad iation  characteristics ,  
and  therefore  a lso  for most close  and  remote  coupl ing  cases.  

– Under far-fie ld  cond i tions  wi th  free-space propagation  the  re lation  between  electric and  
magnetic components  of the  fie ld  i s  fixed  and  wel l  defined ,  the  re lation  under near-fie ld  
cond i tions  i s  rather undefined ,  i f the  source  and  coupl i ng  path  characteristics  are  not  
known.  

– Under far-fie l d  cond i tions  the  attenuation  formu la  i s  
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NOTE  The  attenuation  factor a  describes  the  relati on  of the  fi e l d  strength  E1  (or H1 )  found  at  d i stance  d1  to  the  
fi e l d  strength  E2  (or H2)  found  at  d i stance  d2 .  Factor k  may e. g .  be  i n terpreted  as  an  add i t i ona l  attenuation  factor 
i n troduced  by a  wal l  a l l ocated  between  the  measurement  l ocations  at  d i stances  d1  and  d2 .  

 

where  

a          =   attenuation  factor;  

E1 ,  H1  =  absolu te  value  of the  fie l d  strength  observed  at  a  l ocation  sti l l  i n  the  far fi e ld ,  bu t  

close  to  the  source;  
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E2 ,  H2  =  absolu te  va lue  of the  fi e ld  s trength  observed  at a  location  i n  a  more  remote  

d istance  d2  than  d1 ,  from  the  source;  

k          =   correction  factor ( i n  the  range  1  to  1 0)  coun ting  e . g .  for the  screen ing  effecti veness  
of bu i l d ings  the  noise  source  i s  a l l ocated  i n ,  or for other absorbing  obstacles  
a l l ocated  i n  between  the  cons idered  l ocations  at  the  d istances  d1  and  d2 ;  

d1         =   smal l  d is tance  i n  the  far fi el d  range,  bu t  close  to  the  l ocation  of the  source;  

d2         =   measurement d is tance  more  remote  from  the  source;  

x          =  propagation  coefficien t,  wh ich  is  1  i n  free-space propagation  and  somewhat h igher 
(1  to  1 , 5)  for non-free-space  propagation .  

Under near-fie ld  cond i tions  the  propagation  coefficien t x  i s  more  complex and  dependen t on  
the  magnetic  or electric component wi th  typical  values  between  2  and  3 .  

For th is  reason ,  i t  i s  much  easier to  develop  a  model  for remote  coupl i ng  cond i tions  than  for 
cl ose  coupl i ng  s i tuations  and  for conduction  coupl i ng  paths.  Such  a  model  i s  necessary to  
derive  em iss ion  l im i ts  for a  general  i n terference envi ronment.  

5.3.2  Measuring  methods  

The measuring  method  is  of major importance  for speci fication  of a  rad io  frequency 
d isturbance l im i t.  Several  measuring  methods  are  appl ied  and  a  short survey is  g i ven  i n  the  
fol l owing  paragraphs.  I n  a l l  measurements,  the  measuring  i nstrument i s  a  se lecti ve  
m icrovol tmeter (CISPR receiver)  as  speci fi ed  for the  relevant frequency range.  

5.3.2 .1  Disturbance  vol tage/current at  mains  ports  

I n  the  l ower frequency range  up  to  about 30  MHz,  the  mains  network may conduct any 
i n jected  RF  energy to  nearby users  connected  to  the  mains  and /or couple  part of the  RF  
energy to  nearby an tennas  i n  the  electric,  magnetic or rad iation  mode.  E lectric or magnetic 
fie l d  coupl i ng  to  nearby an tennas  in  th is  frequency range,  however,  i s  in  most cases  of m inor 
importance  compared  wi th  conduction  coupl i ng  through  the  mains  network.  Because  of the  RF  
ou tpu t vol tage  conduction  main l y coupl i ng  through  the  mains  network,  the  RF  ou tput vol tage  
at the  mains  port i s  used  as  a  measure  for the  i n terfering  poten tia l  of a lmost any type  of 
source  i n  th is  frequency range.  Th is  perm issib le  RF  ou tpu t d is turbance vol tage  at the  mains  
port of the  source  determ ines  the  m in imum  immuni ty requ i rements  of the  victim  receiver 
against i n j ected  in -band  RF  d isturbances  at  the  receiver's  mains  port.  

Th is  d isturbance vol tage  at mains  ports  i s  measured  by means  of an  arti fi cial  mains  network 
wh ich  isolates  the  source  from  the  mains  at RF  frequency and  wh ich  fu rn ishes  a  standard ized  
RF  load  to  the  source.  For measurement of conducted  d isturbances,  the  arti ficia l  mains  

network general l y recommended  by CISPR is  a  50  Ω/50  µH  V-network wh ich  i n troduces  a  
para l l el  impedance of 50  Ω/50  µH  between  each  l i ve  or neu tral  wire  of the  mains  port  and  
reference  ground .  

Al though  not recommended  by CISPR yet,  the  asymmetric current i n  the  mains  cable,  
measured  by means  of a  curren t probe,  m igh t  be  used  as  a  measure  for the  rad iation  
capabi l i ty of the  source  as  a l ready speci fi ed  for te lecommunication  l i nes.  

Current probe  measurements  of the  asymmetric d is turbance current i n  the  mains  cable  
requ i re  the  mains  port to  be  term inated  wi th  a  su i table  arti ficia l  mains  network.  Th is  network 
shou ld  s imu late  the  typ ical  common  mode impedance and  RF  unbalance  (e. g .  g i ven  as  
l ong i tud ina l  convers ion  l oss  (LCL))  of the  mains  network and  shou ld  decouple  i ncom ing  
common  mode  d isturbances  from  the  mains  network s ide.  
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5.3.2 .2  Disturbance  vol tage at  signal  ports  

Imperfections  of the  symmetry i n  ci rcu i ts  carryi ng  wanted  symmetrica l  s i gnals  wi l l  produce 
unwan ted  asymmetric s ignals  at the  re lated  ports  and  cables  connected  thereto.  I n  
asymmetric  (coaxial )  ports  unwanted  external  curren ts  can  be  conducted  i n  the  ou ter surface  
of the  screen  because  of imperfect screen ing .  These  asymmetric s i gnals  and  external  screen  
curren ts  may couple  energy by i nductive  or rad iation  fi e lds  to  nearby or remote  an tennas.  

The  asymmetric  vol tages  can  be  measured  by means  of an  arti ficia l  l oad ing  network.  I n  th is  
case  the  use  of an  asymmetric arti ficia l  network (AAN)  instead  of a  V-network i s  preferred .  

5.3.2 .3  Disturbance  power measurements  wi th  the  absorbing  clamp  

The  asymmetric RF  current i n  a  l ead  or on  the  outer surface  of the  screen  of a  screened  cable  
wi l l  rad iate  energy to  nearby or remote  an tennas  depend ing  on  frequency,  l ength  and  
configuration  of the  connected  cable .  Th is  i s  parti cu larl y important at VHF  and  UHF  i n  wh ich  
frequency ranges  the  external  l ead  of the  appl i ance  has  a  l ength  wh ich  i s  i n  the  order of a  hal f 
wavelength  or l onger.  

The  absorbing  clamp i s  a  device  wh ich  g ives  measuring  resu l ts  i n  a  good  correspondence 
wi th  the  d isturbance power that can  be  rad iated  from  the  external  l ead  of the  appl iance.  

Under th is  cond i ti on  the  d isturbance power conducted  th rough  the  mains  l ead  and  measured  
by the  absorbing  clamp i s  a  good  measure  for the  d isturbance poten tia l .  I f the  d imensions  of 
the  source  are  not smal l  compared  wi th  wavelength ,  a  l arger part of the  d isturbance's  energy 
wi l l  be  rad iated  d i rectl y and  the  absorbing  clamp measurement i s  l ess  re l i able.  

Because  broadband  d isturbance  i s ,  i n  general ,  of l ess  importance  at frequencies  above  
300  MHz the  absorbing  clamp i s  recommended  for the  measurement of smal l  appl iances  in  
the  frequency range  30  MHz to  300  MHz.  

5.3.2 .4  F ield-strength  measurement 

The fie ld  strength  caused  by d isturbance sources  is  l i kel y to  be  the  most stra igh tforward  
cri terion  for the  i n terference  potential  of such  a  source,  because  i t  i s  more  d i rectl y 
comparable  wi th  the  wanted  fi e ld  strength  at  the  antenna  of a  rad io  receiver particu larl y for 
remote  coupl ing  anal ys is .  

A source  rad iates  RF  energy from  i ts  case  or cabinet i f a  coupl ing  path  exists  between  
i n ternal  noise  source  and  external  case  or cabinet  and  i f the  d imensions  of the  case  or 
cabinet are  of the  order of one  waveleng th .  For practical  reasons  the  e lectric  component of 
the  fie ld  i s  measured  i n  the  frequency range  above 30  MHz (by means  of d ipole  an tennas)  
and  the  magnetic componen t of the  fi e l d  below 30  MHz (by means  of l oop  an tennas).  

F ie ld -strength  measurements  have  a  number of practica l  d rawbacks.  The  i n fl uence of 
surround ing  reflections  shou ld  be  e l im inated  wh ich  is  usual l y met by us ing  an  open  area  test 
s i te  (OATS).  Such  a  test  s i te  i n troduces  inaccuracies  by variable  reflections  from  the  operator 
and  from  the  ground  ( i n fluence of moisture  and  season)  and  by i n terference from  ambient 
transm itter fie lds.  I t  a lso  i ncreases  the  work time due  to  poor weather and  other cl imatic  
cond i ti ons.  These  drawbacks  can  be  partl y e l im inated  by use  of anechoic rooms  in  the  
frequency range  above  30  MHz.  

Another d rawback of fie l d -strength  measurements  i s  the  complex EUT rad iation  pattern  wh ich  
a lso  depends  on  the  test  set-up.  I t  therefore  requ i res  measurements  i n  various  d i rections  and  
an  accurate l y speci fi ed  test set-up.  
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5.3.2 .5  Rad iation  substi tution  measurements  

I n  order to  reduce the  effect of surround ing  reflections  i n  fi e ld -strength  measurements ,  the  
source  under test i s  replaced  by a  rad iator of speci fied  characteristics  and  an  ad justable  
ou tpu t l evel  (usual l y a  d ipole  connected  to  a  ca l i brated  RF  generator)  to  produce the  same  
fie l d  streng th  under equal  envi ronmental  cond i ti ons.  The  RFI  of the  appl iance  is  expressed  as  
the  equ ivalent power rad iated  from  the  substi tu tion  rad iator.  Th is  method  i s  often  used  at  
frequencies  above 1  GHz.  

5.3.2 .6  Disturbance  power measurements  wi th  a  reverberating  chamber 

The reverberating  chamber method  i n  essence is  a  rad iation  substi tu tion  method  i ns ide  a  
screened  cage  and  can  be  used  i n  the  frequency range  above 300  MHz.  By us ing  rotati ng  
reflection  p lates  (mode sti rrers) ,  the  stand ing  wave patterns  ins ide  the  cage  are  conti nuous l y 
varied  i n  such  a  way that the  time averaged  fi el d  streng th  is  nearl y i ndependent of the  
pos i tion  i ns ide  the  cage.  Therefore,  the  source  under test and  the  substi tu tion  source  need  
not be  at exactl y the  same pos i ti on  and  the  cal i bration  procedure  for the  rad iated  power i s  
much  s impler than  i n  the  normal  substi tu tion  method .  

5.3.2 .7  Frequency considerations  with  respect to  measuring  methods  

As i nd icated  earl i er,  rad iation  of a  device  and  i ts  connected  cables,  and  particu larl y of the  
mains  cables,  depend  on  the  s i ze  of the  device  and  of the  cables  compared  wi th  wavelength  
(frequency).  The  fol lowing  table  g ives  a  general  survey of the  usefu lness  of various  
measuring  methods  wi th  respect to  the  frequency bands  (subd ivided  accord ing  to  CISPR 
Recommendations).  I t  shou ld  be  noted  that the  frequency ranges  are  on l y for i nd ication  and  
the  quoted  valuation  g i ven  for gu idance.  

Table  2  – Gu idance survey of RFI  measuring  methods  

Frequency  

MHz 

Mains  & 
s ignal  port 
vol tage  

Asymmetrical  
curren t  

Absorbing  
clamp 

Field   
strength  

Substi tu tion  
rad iation  

Reverberation  
chamber 

0, 009  to  0 , 1 5  +  +  – 0  – – 

0 , 1 5  to  30  +  +  – 0  – – 

30  to  300  – 0  +  +  0  – 

300  to  1  000  – 0  0  +  +  0  

Above  1  000  – – – +  +  0  

Where   

+  =  to  be  recommended ;  

0  =  usabl e;  

– =  not  normal l y usabl e.  

 

5.3.3  Disturbance  s ignal  waveforms and  associated  spectra  

An  important aspect i s  the  RF  spectrum  wh ich  i s  associated  wi th  the  s i gnal  waveform .  As 
most rad io  services  use  re lativel y narrow frequency channels ,  the  spectrum  (frequency 
domain)  i s  cons idered  of major importance  compared  wi th  the  waveform  (time domain) .  
Therefore  the  fol lowing  d i sti nction  is  made.  

Narrowband  rad io  frequency i n terference (RFI )  effects  occur when  the  d isturbance  s i gnal  
occupies  a  bandwid th  smal l er than  the  rad io  channel  of i n terest or the  measuring  receiver.  
The  d isturbance  spectrum  may cons ist of a  s i ng le  frequency produced  by a  s i newave  
osci l l ator of med ium  or h igh  RF  power ( i . e.  by RF  I SM  equ ipment)  or of low power ( i . e .  by 
e lectron ic ci rcu i ts,  receiver osci l lators).  The  osci l lator cou ld  be  modu lated  by the  mains  
frequency.  Osci l l ator frequencies  can  be  generated  over the  en ti re  usable  frequency 
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spectrum .  The  effect of narrowband  d isturbance is  cons idered  by CISPR over the  frequency 
range  9  kHz to  1 8  GHz.  

– Narrowband  RFI  from  a  d isturbance wi th  a  rather broadband  spectrum  of d iscrete  
frequencies  – Pu lse  waveforms  derived  from  a  d i g i ta l  clock osci l lator con tain  d iscrete  
harmon ic  frequencies  i n  a  wide  frequency range  (broadband  spectrum).  For fundamental  
(clock)  frequencies  appreciabl y h igher than  the  bandwid th  of the  rad io  channel ,  not  more  
than  one  separate  spectral  l i ne  can  coincide  wi th  the  rad io  channel  and  such  a  spectral  
l i ne  i s  cons idered  as  narrowband  RFI .  C lock osci l lators  of computers  are  often  d i thered  
( i . e .  are  us ing  frequency modu lation  on  the  clock).  

– Continuous  broadband  RFI  – Gaussian  noise  generated  by gas  d ischarge  devices  
( l i gh ti ng)  produces  con ti nuousl y a  fl at spectrum  during  the  operation  of the  device.  
Repeti ti ve  pu lses  produce  a  wide  spectrum  con ta in ing  various  d iscrete  spectra l  l i nes.  At 
repeti tion  rates  much  lower than  the  rad io  channel  bandwid th  many spectra l  l ines  occur 
wi th in  the  channel  (broadband  RFI ) ,  orig i nating  for example,  from  pu lses  derived  from  the  
mains  frequency (commutator motors,  sem iconductor-control led  vol tage  regu lators).  

The  spectrum  ampl i tude  of repeti ti ve  pu lses  decreases  above the  trans i tion  frequency (the  
reciprocal  of the  pu lse  wid th)  at 20  dB  or 40  dB  per decade,  dependent on  the  pu lse 
shape.  Continuous  broadband  i n terference  (as  e. g .  from  spark ign i tion  noise,  arc weld ing  
equ ipment,  etc. )  i s  considered  by CISPR over the  frequency range  1 50  kHz to  1  GHz or 
h igher.  

Broadband  RFI  may a lso  be  caused  by d is turbances  or wan ted  s i gnals  from  RF  I SM  
equ ipment,  as  e. g .  m icrowave  ovens.  There  are  two main  types  of m icrowave ovens  
depend ing  on  the  power suppl y,  those  wi th  a  transformer and  those  wi th  a  swi tched  mode 
power suppl y.  

– D iscontinuous  broadband  RFI  – Swi tch ing  operations  by means  of a  hard  con tact (spark)  
generates  short bursts  of noise.  Short-duration  bursts  of d isturbances  may cause  less  
severe  in terference effects  than  l ong-duration  bursts  depend ing ,  however,  on  the  average  
repeti tion  rate  of the  bursts.  

For th is  reason  CISPR a l lows  a  re laxation  wi th  respect to  the  l im i t  of continuous  
d isturbances  for short bursts  wi th  a  duration  of l ess  than  200  ms  and  wi th  a  repeti ti on  
rate  N  of l ess  than  30  cl icks  per m inu te.  Th is  relaxation  factor equals  20  l og  30/N .  The  
frequency spectrum  of such  cl icks  i s  not essentia l l y d i fferen t from  that of con tinuous  
broadband  i n terference.  

5.3.4  Characteristics  of in terfered  rad io  services  

The characteristics  of rad io  services  wi th  respect to  RFI  are  very importan t as  wel l .  I n  
res identia l  areas,  rad io  services  wh ich  can  su ffer from  RFI  are  e . g .  rad io  broadcasting ,  
amateur rad io,  and  ( land)  mobi le  rad io  commun ication .  AM  sound  broadcasting  operates  at  
frequencies  below 30  MHz and  FM  (stereo)  sound  broadcasting  between  64  MHz and  
1 08  MHz.  TV broadcasting  uses  various  channels  i n  the  range  between  50  MHz and  900  MHz,  
the  p icture  s ignal  being  modu lated  in  AM-VSB  and  the  sound  s ignal  i n  e i ther AM  or FM  
depend ing  on  the  TV standard  in  use.  Broadcasting  a lso  takes  p lace  i n  the  bands  between  
1 1  GHz and  1 3  GHz.  Amateur rad io  frequency bands  are  widel y spread  over the  whole  RF  
range  and  are  a l l ocated  i n  the  short  wave up  to  the  m icro  wave frequency bands.  

Analogue  sound  and  TV broadcasting  are  going  to  be  replaced  by broadcasting  wi th  d i g i tal  
modu lation ,  l i ke  D ig i ta l  Rad io  Mond ia l e  (DRM)  wh ich  i s  i n tended  to  replace  the  AM  rad io  in  
the  med ium  frequency (MF)  and  h i gh  frequency (HF)  bands,  D ig i tal  Aud io  Broadcasting  (DAB 
or T-DAB)  operated  i n  the  VHF  and  UHF  bands,  and  D ig i ta l  Video  Broadcasting  Terrestria l  
(DVB-T)  operated  i n  the  UHF  bands.  These  d i g i ta l  rad io  services  requ ire  l ower RF  protection  
ratios  (1 7  dB  for DRM,  20  dB  for DVB-T and  28  dB  for DAB)  than  rad io  services  wi th  analogue  
modu lation  (where  RF  protection  ratios  of about  27  dB  for AM ,  about 48  dB  for FM  and  about  
58  dB  for TV are  requ i red).  On  the  other hand ,  the  transi ti on  between  the  i n terference  l evel  
defined  by the  m in imum  wanted  fie ld  s trength  m inus  the  protection  ratio  and  the  d is turbance  
wh ich  causes  unacceptable  i n terference i s  narrower than  for analogue  modu lation .  
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I n  res identia l  areas  wi th  private  receiving  an tennas  propagation  of d isturbances  by rad iation  
from  noise  sources  and  from  mains  cables  i s  of major importance.  Broadcast s ignals  
d istribu ted  through  a  cable  (CATV)  system  are  l ess  vu lnerable  because  of the  more  su i table  
l ocation  wh ich  can  be  selected  for the  common  receiving  an tenna  ( i . e.  for the  head  station) ,  
bu t i f i n  such  cases  d i sturbances  are  coupled  to  such  an  antenna  i n terference may be  
experienced  by a l l  subscribers  connected  to  such  a  system .  

Satel l i te  broadcast s ignals  i n  the  1 2  GHz range  are  general l y not d isturbed  by broadband  
sources  because  of the  l im i ted  frequency spectrum  of broadband  sources.  The  risk main l y 
depends  upon  the  frequencies  chosen  for the  fi rst  i n termed iate  frequency band  at the  
receiver.  

The  annoyance to  the  broadcast  s ignal  depends  on  the  d istu rbance  s ignal  waveform .  
Narrowband  and  broadband  sources  produce d i fferent types  of annoyance.  Subj ecti ve  tests  
have  shown  that for equ iva lent subjecti ve  assessment,  narrowband  d isturbance  shou ld  be  of 
s i gn i ficantl y l ower ampl i tude  than  broadband  d isturbance  (quasi -peak measured)  i n  the  
0, 1 5  MHz to  30  MHz range.  Assessment of d isturbance to  d i g i tal  rad io  services  is  based  on  
the  bi t-error probabi l i ty (BEP).  Tests  have  shown  that the  weighti ng  of impu ls ive  d istu rbance  
for i ts  effect  on  d i g i tal  rad io  communication  services  is  general l y d i fferent  from  the  effect on  
rad io  communication  services  that  use  analogue  modu lation .  

The  i n fl uence  of the  repeti tion  rate  of rapid  pu lses  in  a  broadcast channel  i s  accounted  for in  
the  quas i -peak detector characteristic,  the  effect of l ow rate  pu lses  (cl icks)  by the  20  l og  30/N  
re laxation  to  the  l im i t.  I n  mobi le  communication  ( i n  o lder systems  main l y narrowband  FM,  now 
replaced  by d ig i tal  mobi le  communication  systems  such  as  TDMA (e. g .  GSM ,  PDC)  and  
CDMA (e. g .  cdmaONE,  WCDMA,  cdma2000  etc. ) ,  traffic noise  sources  ( i . e.  i gn i ti on  
i n terference)  are  the  major source  of RFI .  I n  th i s  respect the  base  station  an tenna  i s  i n  a  
more  favourable  posi tion  wi th  respect to  RFI  s ignals  than  the  mobi l e  an tenna  because  of i ts  
h igher location .  Mobi le  an tennas  on  the  other hand  change the ir posi ti on  con tinuous l y and  are  
therefore  l ess  vu lnerable  to  s tationary noise  sources.  For the  ca lcu lation  of em ission  l im i ts  in  
the  frequency range  above  1  GHz a  detector wi th  a  weighti ng  function  appropriate  for d ig i ta l l y 
modu lated  rad io  services  may be  considered .  

Broadcasting  and  mobi le  services  may be  in terfered  by narrowband  sources  as  wel l  (RF  I SM  
equ ipment,  data  processing  equ ipment,  receiver osci l l ators ,  etc. ) .  The  wan ted  rad iated  RF  
power from  RF  I SM  equ ipment may be  several  orders  h igher than  the  l evel  from  broadband  
sources  a l though  the  d i stances  between  those  sources  ( i ndustria l  areas)  and  the  victim  
receivers  are  normal l y l onger.  The  d isturb ing  energy,  however,  i s  main l y concentrated  i n  a  
very narrow frequency band .  For th is  reason  a  number of frequency bands  i s  reserved  for 
typical  I SM  appl ications.  

I n  add i tion  to  broadcasting  and  mobi le  rad io  services,  many d i fferen t professional  rad io  
services  such  as  fixed ,  aeronautical  navigation ,  aeronau tical  mobi le ,  mari time  mobi l e,  
rad io location ,  s tandard  frequency and  time,  meteorolog ical  a ids  and  rad io  astronomy services  
are  i n  use.  Other profess ional  rad io  services  (navigation ,  fixed  services,  satel l i te  and  
m icrowave  communication)  are,  i n  general ,  l ess  vu lnerable  to  rad io  i n terference  because  of 
the  use  of h igher frequencies  (greater than  1  000  MHz i n  wh ich  broadband  i n terference i s  
neg l ig ib le),  more  favourable  an tenna  l ocations,  soph isticated  systems  (modu lation ,  cod ing ,  
an tenna  d i recti vi ty)  and  technology (screen ing ,  fi l tering) .  

5.3.5  Operational  aspects  

Noise  sources  i n  residen tia l  areas  main l y consist of mass-produced  devices  for domestic and  
sometimes  for profess ional  use.  Such  appl iances  are  tested  accord ing  to  statis tical  
procedures  wh ich  impl ies  that a  restricted  percentage  of p  per cen t fu l fi l s  the  l im i t  wi th  a  
l im i ted  confidence  q  per cent.  Smal l  batches  reduce  the  fi gures  p  and  q  and  CISPR 
recommends  a  value  for both  p  and  q  of 80  per cen t (80%  -  80%  ru le).  The  ru le  i s  i n  general  
adequate  to  protect non-vi ta l  rad io  services  l ike  broadcast and  most l and  mobi le  
communication .  
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For cri tica l  or safety re lated  rad io  services,  however,  a  much  h igher degree  of confidence is  
necessary.  The  actual  annoyance  i n  an  i n terfered  rad io  service  does  not on l y depend  on  the  
RFI  fi e l d  strength ,  bu t on  the  wanted  s ignal  l evel  as  wel l .  The  ratio  of wanted -to-unwanted  
i nput l evel  wh ich  procures  a  pre-defined  and  j ust sti l l  perm issib le  m in imum  qual i ty of 
performance of the  receiver is  ca l l ed  RF  protection  ratio  Rp .  Th is  way,  the  wanted  s ignal  l evel  

needed  to  get at  l east the  pre-defined  m in imum  qual i ty of performance depends  on  the  natura l  
and  man-made noise  level  and  wh ich ,  in  certa in  environments ,  may be  much  h igher than  the  
receiver's  i n trins ic  noise  l evel ,  particu larl y i n  the  l ower part of the  rad io  frequency range.  

I n  establ ish ing  l im i ts  for various  types  of noise  sources  i t  i s  importan t to  stri ve  for l im i ts  wh ich  
have  an  equal  effect on  the  rad io  services  to  be  protected .  The  users  of such  a  service  are  
not in terested  i n  the  type  of source  wh ich  causes  RFI .  Therefore  d isturbances  from  a l l  types  
of sources  shou ld  be  suppressed  as  much  as  poss ible  to  an  equal  l evel  of noise  ou tput.  

5.3.6  Cri teria  for the  determination  of l imits  

5.3.6.1  Remote  coupl ing  

For remote  coupl i ng  s i tuations  the  fie l d  streng th  at a  speci fied  d is tance  from  the  noise  source  
i s  used  as  a  characteristic for the  i n terference  potential  of the  source.  The  fo l l owing  model  
(see  F igure  2)  was  developed  to  derive  rad iation  l im i ts  for the  case  of i n -band  in terference  
( i . e .  i n terference appearing  i n  the  tuned  channel  of the  victim  receiver)  caused  by RF  I SM  
equ ipment.  For the  re levant rad io  services  in  the  a l l ocated  frequency bands  the  RF  protection  
ratio  i s  determ ined .  I n  I TU  documents ,  th is  protection  ratio  i s  g i ven  for d is turb ing  rad io  
services  wi th  the  same modu lation .  The  protection  ratio  for any other type  of d isturbance  
rad iation ,  as  e. g .  for typ ical  e l ectromagnetic d is turbances  from  other e lectrical  or e lectron ic 
apparatus,  may be  d i fferen t.  
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Legend :  

e i r  =  ew  / rp  

e i r   =  perm iss ib le  i n terference  fi e l d  strength  at  the  posi ti on  of the  an tenna  of the  vi ctim  receiver R  

ew   =  wanted  s i gna l  fi e l d  strength  to  be  protected  at  d i stance  r a t  the  posi ti on  of the  an tenna  of the  vi ctim  

recei ver R (deri ved  from  I TU  speci fi cations)  

rp   =  protection  rati o,  i . e.  m in imum  s i gnal -to- i n terference  rati o  needed  at  the  posi ti on  of the  an tenna  of the  

vi ctim  receiver to  guarantee  a  certain  qual i ty of rad io  recepti on  (deri ved  from  I TU  speci fi cati ons)  

e i  =  e i r m i r lb  p  (r/d)
x  

e i  =  regu lated  d i sturbance  fi e l d  s trength  (CI SPR l im i t)  for sources  of d i stu rbance,  i . e.  other e l ectri c  and  

e l ectron ic equ i pment and  apparatus,  at  measuring  d i stance  d,  i . e .  at  the  posi ti on  of the  an tenna  of the  
measuring  recei ver M   

m i r  =  factor for pol ari zati on  match  between  pol ari sati on  of e i r and  polari sation  of the  an tenna  of the  vi ctim  

recei ver 

lb  =  screen i ng  factor of bu i l d i ngs  or other obstacles  

p   =  complex stati sti cal  probabi l i ty  factor,  for consi derations  i n  th i s  sub-clause  defi ned  to  be  1 ,  g enera l l y  
e l aborated  i n  5 . 2 ,  and  i n  detai l  i n  5. 4.  Fu rther on  i n  th i s  report,  separate  components  of th i s  complex 
probabi l i ty factor p  may be  denoted  more  general l y as  " i n fl uence  factors" .  

x   =  wave  propagation  coeffi cien t  

NOTE  The  equations  above  are  on ly va l i d  for absol u te  phys ical  quanti ti es.  

Figure 2  – Model  for remote  coupl ing  si tuation  derived   
d isturbance  fi eld  strength  ei r at receiving  d istance  r 

Expressed  i n  l ogari thm ic quan ti ti es,  the  perm issible  i n terference  fie ld  strength  Ei r  a t  the  

an tenna  i npu t of the  victim  receiver i s  the  m in imum  (or nom inal )  wanted  fie l d  s trength  Ew  

m inus  the  protection  ratio  Rp :  

 Ei r  =  Ew  –  Rp  

A m in imum  operational  d istance  r between  noise  source  and  receiving  an tenna  i s  speci fied  
and  wi th  the  use  of an  estimated  or empirical  wave propagation  factor x,  the  acceptable  
d isturbance fie l d  s trength  Ei  at  a  speci fi ed  measuring  d istance  d  i s  calcu lated :  

 Ei  =  Ew  – Rp  +  x•20  l g  (r/d)  

International  Electrotechnical  Commission

 



   CI SPR TR 1 6-4-4: 2007+AMD1 : 201 7  CSV 

    I EC 201 7  

– 26  – 

Next some add i tional  factors ,  as  e. g .  the  screen ing  factor of bu i l d i ngs  or other obstacles  Lb  

and  the  factor for polarization  match  Mi r,  shou ld  be  i n troduced .  Furthermore,  a  s tatistical  

factor P  on  the  probabi l i ty of actual  i n terference under operational  cond i tions  shou ld  be  used  
to  adapt the  calcu lated  acceptable  d isturbance  fie l d  strength  Ei  to  normal  cond i ti ons  found  in  

practice:  

 Ei  =  Ew  – Rp  +  Mi r  +  Lb  +  P  +  x•20  l g  (r/d)  

Such  a  probabi l i ty factor P  shou ld  take  i n to  account statis tics  of antenna  d i recti vi ty ( in  the  
d i rection  of the  wanted  transm itter and  of the  in terference  source),  d istance  variations,  
propagation  variations,  time coincidence,  etc.  (see  a lso  5. 4).  

Add ing  the  screen ing  factor of bu i l d ings  or other obstacles  Lb ,  the  factor for polarization  

match  Mi r,  and  the  decoupl i ng  attenuation  via  d i stance  Lo  =  x•20  l g  (r/d)  i n to  one  new term  L  

and  setti ng  the  s tatistical  probabi l i ty factor P  to  1 ,  we  eventual l y get:  

 Ei  =  Ew  – Rp+  L  

where  L  actual l y represents  a l l  re laxations  i n  the  l im i ts  agreeable  by CISPR i n  terms  of EMC 
due  to  add i ti onal  decoupl ing  from  the  victim  receiver for d isturbances  from  electric  and/or 
e lectron ic equ ipment re lati ve  to  the  maximum  perm issib le  i n terference fie ld  s trength  Ei r  a t  the  

an tenna  i npu t of a  victim  receiver R,  ca lcu lable  from  the  rad io  parameters  speci fied  by I TU .  

Accompl ish ing  the  above  calcu lation  by considerations  to  probabi l i ty of i n terference,  the  fi nal  
resu l t  of th is  procedure  wi l l  be  a  calcu lated  l im i t  wh ich  is  a  good  bas is  for an  operational  l im i t  
guaran teeing  that the  requ i rements  of the  protection  ratio  Rp  are  met on  a  statis tical  bas is  

(x % of the  actual  cases).  I t  shou ld  be  noted  that rel i able  s tatistical  va lues  for most of the  
parameters  mentioned  above are  sti l l  not avai l ab le  to  CISPR,  and  that i n  those  cases  rough  
estimations  can  be  used  on l y.  

Moreover the  i n terfering  effect of s ignals  i n  the  ou t-of-band  domain  is  more  complex because  
of the  selecti vi ty and  non -l ineari ty characteristics  of the  receiver wh ich  can  d i ffer from  case  to  
case.  

5.3.6.2  Close coupl ing  

A s imple  model  for cl ose  coupl i ng  s i tuations  i s  g i ven  in  F igure  3.  The  noise  source  is  
cons idered  as  an  RF  generator wi th  an  e .m . f.  Us  and  an  i n ternal  impedance  Zs  for each  mains  

connector/earth  combination  (for s impl ici ty on l y one  mains  connector i s  shown).  The  mains  
network i s  connected  between  the  noise  source  and  the  i n terfered  receiver.  The  mains  
network offers  a  RF  impedance  Zm  to  the  source  and  transfers  the  energy from  the  noise  

source  to  the  mains  i nput port  of the  receiver.  

I n  add i ti on ,  part of the  conducted  RF  energy is  propagated  as  a  magnetic  and  e lectric fie ld .  
For the  close  coupl i ng  s i tuations  general l y,  near-fiel d  cond i ti ons  exist (ratio  e lectric/magnetic  
component undefined) .  

Two  coupl ing  paths  exist between  noise  source  and  receiving  antenna:  

a)  the  path  of d is turbance conducted  a long  the  mains  network,  the  mains  suppl y ci rcu i t of the  
receiver and  common  ground  of the  receiver's  e l ectron ic ci rcu i try to  the  g round ing  poin t of 
the  receivers  RF  i npu t stage,  and  then  via  i ts  an tenna  port input impedance  to  the  an tenna  
i tse l f (path  a1 ),  together wi th  the  coupl ing  between  the  mains  suppl y ci rcu i t  and  other 
RF  ci rcu i ts  i nside  the  receiver (path  a2).  Paths  a1  and  a2  take  effect on l y i n  case  of mains  
powered  receivers;  
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b)  the  path  of d is turbance conducted  a long  and  rad iated  by the  mains  network and  coupled  
d i rectl y to  the  external  or bu i l t- i n  antenna  of the  receiver.  Path  b  exists  for both ,  AC mains  
and  battery powered  receivers .  

 

Noise source 

Us  

RF   IF   AF  

Mains  
supply  

Path a 

Path  b 

Path a1  

Path a2 

Mains network 

Zs  

U Zm  

IEC   1187/07 

 
Figure 3  – Model  for close  coupl ing  si tuations  

I n  the  case  of external  antennas,  the  RF  power coupled  through  externa l  path  b)  exceeds  the  
power via  path  a1  and  a2  appreciabl y.  Moreover the  i n ternal  coupl i ng  via  a2  i s  determ ined  by 
the  mains  immun i ty characteristics  of the  receiver,  i . e .  by the  screen ing  effectiveness  of the 
i n ternal  I F  and  AF  ci rcu i try of the  receiver,  and  i t  has  been  shown  that  i t  i s  not  d i fficu l t  to  
con trol  the  mains  immun i ty factor of a  receiver to  an  adequate  l evel .  Th is  i s  however not the  
case  for path  a1  s ince  the  coupl ing  a lways  happens  at  the  an tenna  port via  the  RF  i npu t 
impedance of the  receiver's  RF  i npu t stage.  Therefore  the  attention  is  main l y focused  on  
path  b  and  path  a1 ).  Due  to  so  far l acking  investigation ,  for i n ternal  ferri te  an tennas  no  clear 
d isti nction  can  be  made  between  paths  a)  and  b).  For bu i ld - i n  rod-an tennas  (used  i n  the  
frequency range  1 , 7  to  30  MHz)  clear d is tinction  can  be  made between  path  a1  and  path  b .  
For calcu lation  of CISPR l im i ts  i n  frequency bands  up  to  30  MHz used  for AM  rad io  
broadcasting ,  i t  shou ld  be  taken  in to  account  that I TU -R Rec.  BS. 703  speci fies  a  receiver wi th  
bu i l t- i n  an tennas  (ferri te  or te lescopic rod  antennas,  depend ing  on  frequency range)  as  the  
reference  receiver.  

The  model l ing  starts  the  same way as  i n  the  case  of remote  coupl i ng .  The  acceptable  
d isturbance  fi e ld  strength  at  the  receiving  an tenna  is  ca lcu lated  from  the  RF  protection  ratio  
and  fie ld  strength  to  be  protected  i n  the  relevant frequency bands.  I n  the  next s tep  the  
coupl ing  factor i s  measured  from  mains  i npu t (RF-vol tage)  to  fi e l d  strength  at the  an tenna.  I t  
i s ,  however,  more  usual  to  defi ne  a  transfer factor as  the  ratio  of the  RF-vol tage  i n j ected  in to  
the  mains  and  the  antenna  output vol tage  (for a  speci fied  an tenna).  Th is  factor i s  known  as  
the  mains  decoupl i ng  factor.  Because  of the  wide  spread  i n  actual  s i tuations,  extens ive  
statistical  material  i s  needed  to  found  a  basis  for d isturbance l im i ts  derived  from  mains  
decoupl i ng  factors.  CI SPR Report No.  31  (“Values  of mains  decoupl i ng  factor i n  the  range  
0 , 1  MHz to  200  MHz” ,  see  Annex A)  shows med ian  values,  standard  deviations  and  m in imum  
va lues  of the  mains  decoupl ing  factor.  The  effect of coupl ing  path  a)  i s  described  in  5 . 5. 2. 1 ,  
whereas  the  effect of coupl ing  path  b)  for mains  and  te lecommunication  l i ne  coupl i ng  is  
described  in  5. 5. 2 . 2 .  

Another statistical  aspect  i n  the  ca lcu lation  of l im i ts  i n  th is  concept i s  the  variation  of the  RF-
impedance at the  mains  i npu t.  Al though  i nd ividual  decoupl ing  factors  are  determ ined  by the  
measured  vol tage,  i ndependent of the  actual  mains  impedance,  the  i n terference l im i t shal l  be  
defined  for a  fixed  s imu lated  impedance  (arti ficia l  mains  network impedance),  i n  order to  get 
reproducib le  measuring  resu l ts  during  CISPR d isturbance measurements  at s tandard ized  test 
s i tes .  I n  practice,  the  RF-load  impedance  of the  mains  network varies  from  l ocation  to  l ocation  
and  from  time to  time.  Th is  aspect shou ld  be  cons idered  i n  deriving  a  l im i t from  mains  
decoupl i ng  measuring  data.  
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I n  general ,  cl ose  coupl ing  of an  appl iance  connected  to  the  mains  can  sufficientl y be  
evaluated  by measurement of the  d is turbance vol tage  at i ts  mains  port.  For a  g i ven  mains  
network,  on l y one  un ique  set of l im i ts  for conducted  em issions  at the  mains  port of connected  
appl iances  shou ld  be  used .  As  a  consequence,  the  stricter l im i t  shou ld  appl y,  i f for the  mains  
port two  d i fferen t l im i ts  resu l t  from  the  l im i t ca lcu lation  for paths  a)  and  b) ,  respective l y.  

5.3.6.3  General  

The derivation  of l im i ts  from  a  hypothetica l  model  requ i res  the  i n troduction  of various  
experimental  data  i n  such  a  model .  As  these  data,  as  poin ted  ou t earl ier,  are  based  on  
statistical  measurements  under d i fferen t actual  ci rcumstances,  the  usefu lness  of such  data  for 
general  appl ication  i s  often  debatable.  

On  the  other hand ,  the  implementation  of suppress ion  measures  shou ld  be  considered  on  
phys ical ,  operational ,  manufacturing  and  not i n  the  l east on  econom ic aspects.  Therefore  the  
model  shou ld  be  used  as  a  worthwh i l e  starting  poin t bu t the  fi nal  l im i t  va lue  is  often  the  resu l t 
of an  agreement between  parties  i nvolved  after extens ive  cons iderations  and  negotiations.  

5.4 A mathematical  basis  for the  calcu lation  of CISPR l im its  

Th is  subclause  con tains  the  bas ic mathematica l  model  that can  be  used  for calcu lation  of 
CISPR l im i ts.  The  start-up  poin t i s  the  supposi ti on  that there  is  an  i denti fiable  probabi l i ty 
i nequal i ty to  be  satisfied ,  and  the  assumption  that the  parameters  obey a  l og-normal  
d istribu tion .  

5.4. 1  Generation  of EM  d isturbances  (source  of d isturbance)  

From  the  mathematical  poin t of view any l im i t must be  ca lcu lated  wi th  the  provis ion  that 
the  i nequal i ty  

 z  =  x/y ≥  1  (6)  

i s  satisfied  wi th  some probabi l i ty α .  

I f i n  Equation  (6)  x  and  y are  i ndependent random  values  of quanti ti es  (e. g .  of d isturbance  
s ignals,  immun i ty,  etc. ,  wh ich  i n fl uence  the  rad io  reception  qual i ty)  wi th  log-normal  
d istribu tion ,  then  1 0  l g  (x)  =  X (dB)  and  1 0  l g  (y)  =  Y (dB)  wi l l  have  normal  d istribu tion  wi th  

parameters  µx  (dB) ,  µy  (dB),  σx  (dB)  and  σy  (dB) .  Hence  X – Y =  Z (dB)  wi l l  have  a  normal  

d istribu tion  wi th  the  parameters  

 µz  =  µx  –  µy  and  [ ] 2/122
yxz σσσ +=  

I n  th is  case  
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where  F  denotes  the  normal  N(0, 1 )  d is tribu tion  function  (see  [1 ] 4) .  

The  re l iab i l i ty of obtain ing  a  pre-set  l evel  α  for the  qual i ty of a  rad io  service  is  expressed  by:  

 





 ≥= 1
y

x
Pα ,  therefore:   ( ) αα

σ
µ

tF -

Z

Z == 1  (7a)  

————————— 
4)  F i gu res  i n  square  brackets  refer to  the  B i b l i ography.   
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where  tα  i s  the  α-quan ti le  of the  central i zed  normal  d is tribu tion  (see  [1 ] ,  page  1 80) .  

Solving  Equation  (7a)  re lati ve  to  µx  or µy,  we  get:   

 µx  =  µy +  tασz  (8)  

 µy  =  µx – tασz  (9)  

The  CISPR l im i t L  i s  determ ined  for some quan ti le  tβ  i n  d istribu tion  of probabi l i ties  of the  

value  x  or y for wh ich  l im i ts  are  establ ished ,  i n  such  a  way that the  fol l owing  equal i ties  are  

true:  

 ( )XLXP ≥=β   i . e .   Lx  =  µx  –  tβσx   (1 0)  

 ( )YLYP ≤=β   i . e .   Ly  =  µy  +  tβσy   (1 1 )  

where  tβ  i s  the  β  -quan ti le  of the  cen tra l i zed  normal  d i stribu tion  (see  [2 ] ,  page  84  

example  2 . 1 7) .  

Substi tu ti ng  Equation  (8)  i n to  Equation  (1 0)  and  Equation  (9)  i n to  Equation  (1 1 )  

 Lx  =  µy +  tασz  – tβσx   (1 2 )  

 Ly  =  µx – tασz  +  tβσy   (1 3)  

one  is  enabled  to  ca lcu late  l im i ts  for d i fferent parameters,  wh ich  ascerta in  the  rad i o  reception  
qual i ty.  

5.4.2  Immunity from  EM  d isturbances  (victim  receiver)  

I nequal i ty (6)  has  the  form :  

 x/y ≥  1  

where   

x   i s  a  parameter of receptor immun i ty;  

y  i s  a  parameter of e l ectromagnetic envi ronment i n  respect to  wh ich  the  immun i ty l im i t i s  
establ ished .  

I f the  values  X (dB)  and  Y (dB)  are  satisfactori l y approximated  by normal  d is tribu tions  wi th  

parameters  µx,  σx,  µy,  σy  then  

 [ ] 2/122
yxz σσσ +=  (1 4)  

I n  th is  case,  accord ing  to  Equation  (1 2) ,  the  equation  for the  calcu lation  of receptor immun i ty 
l im i ts  has  the  fol l owing  form :  

 Lx  =  µy  +  tα  [ ] 2/122
yx σσ + – tβσx   (1 5)  

5.5  Appl ication  of the  mathematical  basis  

5.5. 1  Rad iation  coupl ing  

NOTE  Th is  descri bes  the  effect  of remote  coupl i ng  as  i n  5 . 3 . 6. 1 .  

International  Electrotechnical  Commission

 



   CI SPR TR 1 6-4-4: 2007+AMD1 : 201 7  CSV 

    I EC 201 7  

– 30  – 

Th is  subclause  adapts  the  basic model  for the  case  where  i t  i s  wished  to  protect a  rad io  
service  when  there  is  rad iation  coupl ing  from  the  source  of EM  d isturbance to  the  an tenna  of 
the  rad io  receiver.  The  actual  s ignal -to-d isturbance  ratio  R  can  be  expressed  i n  terms  of the  
wanted  s i gnal ,  the  d isturb ing  s i gnal ,  the  propagation  losses  and  the  an tenna  gain ,  as  fo l l ows:  

 R  =  Ew(µw;σw)  +  Gw(µGw;σGw)   

 – [Ei (µ i ;σ i )  +  G i (µGi ;σGi )  –  Lo(µLo ;σLo)  – Lb(µLb ;σLb)  +  Mi r(µm ;σm )]  dB  (1 6)  

where  

Ew  i s  the  actual  fi e l d  strength  of the  wan ted  s i gnal  at  the  pos i tion  of the  rad io  receiver's  

an tenna  as  a  function  of i ts  mean  value  (µw)  and  the  standard  deviation  (σw) ;  

Ei  i s  the  fie l d  strength  of the  d is turbance s ignal  at the  measurement d istance  d on  a  test 

s i te  as  a  function  of i ts  mean  value  (µ i )  and  standard  deviation  (σ i ) ;  

Gw  i s  the  actual  value  of the  rad io  receiver’s  an tenna  ga in  for the  wanted  s ignal  as  a  

function  of i ts  mean  value  (µGw)  and  standard  deviation  (σGw) ;  

G i  i s  the  actual  va lue  of the  rad io  receiver’s  an tenna  gain  for the  d isturbance  s i gnal  as  a  

function  of i ts  mean  value  (µGi )  and  s tandard  deviation  (σGi ) ;  

Lo  i s  the  actual  va lue  of the  factor wh ich  takes  account of the  attenuation  of the  

d isturbance  fie ld  streng th  on  i ts  propagation  path  to  the  pos i tion  of the  rad io  receiver's  
an tenna  when  i t  i s  propagated  through  free  space  wi thout obstacles  as  a  function  of i ts  

mean  value  (µLo)  and  standard  deviation  (σLo)  i n  re lation  to  the  measurement d is tance  d  

on  the  test s i te:  

 Lo  = x•20  lg  (r/d) ;  

Lb  i s  the  actual  va lue  of the  factor wh ich  takes  account of the  attenuation  of the  

d isturbance  fi e ld  s trength  caused  by obstacles  i n  i ts  propagation  path  as  a  function  of 

i ts  mean  value  (µLb)  and  standard  deviation  (σLb)  relative  to  the  value  for free-space  
propagation .  

Mi r  i s  the  actual  va lue  of the  factor for polarization  match  between  the  d isturbance fie l d  

strength  Ei r  and  the  receiving  antenna  of the  victim  receiver as  a  function  of i ts  mean  

va lue  (µm )  and  standard  deviation  (σm ) .  The  absolu te  value  m i r  equals  1 ,  when  the  

receiving  an tenna  polari zation  matches  the  polari zation  of Ei r  and  becomes less  than  1  

i n  a l l  other cases.  S ince  Mi r  and  the  re lated  mean  value  µm  are  used  i n  logari thm ic 

terms  thei r q uan ti ties  are  equal  to  or smal ler than  0  dB  and  thus  a lways  have  a  negative  
s i gn .  

I f,  as  assumed,  a l l  variables  on  the  ri gh t-hand  s ide  of Equation  (1 6)  obey a  normal  d is tribu tion  
l aw,  then  the  d istribu tion  factors  are  related  as  fol l ows:  

 µR  =  µw  +  µGw  – µ i  – µGi  +  µLo  +  µLb  – µm    dB  (1 7)  

 2
m

2
Lb

2
Lo

2
Gi

2
i

2
Gw

2
w

2
R

σσσσσσσσ ++++++=    (dB)2  (1 8)  

With  a  normal  d is tribu tion  l aw the  rel iabi l i ty of obtain ing  the  pre-set  qual i ty of service  can  be  
expressed  by the  fol lowing  function  of the  normal  probabi l i ty d istribu tion :  

 P(R >  Rp)  = F [–(Rp  – µR)  /  σR]  =  α  (1 9)  

therefore:   µR  =  Rp  +  tασR  (20)  
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where   tα  =  F
–1  (α)  

By combin ing  Equations  (1 7),  (1 8)  and  (20)  an  express ion  is  obtained  for the  perm issib le  

mean  value  (µ i )  of the  d isturbance fi eld  s trength  at a  pre-set d istance  from  the  source  of 

d isturbance:  

 µ i  =  µw  +  µGw  –  µGi  +  µLo  +  µLb  –  µm  –  Rp   

 – tα  [
2
m

2
Lb

2
Lo

2
Gi

2
i

2
Gw

2
w σσσσσσσ ++++++ ] 1 /2  (21 )  

The  mean  va lue  of the  d i sturbance shal l  be  below the  l im i t,  and  may be  speci fi ed  as  fol lows:  

 β  =  P(Ei  ≤  ELim i t)  i . e .  ELim i t  =  µ i  +  tβσ i  (22)  

where  

ELim i t   i s  the  l im i t  for the  d isturbance  measured  on  a  test s i te  at a  speci fi ed  d istance;   and  

tβ  i s  the  β-quanti l e  of the  centra l i zed  d istribu tion  function  wh ich  corresponds  to  a  

probabi l i ty l evel  of compl iance  wi th  the  l im i ts.  

The  free  space  attenuation  factor (µLo)  can  be  evaluated  from  

 µLo  =  x•20  l g  (r/d)  (23)  

where  

r  i s  an  average  d istance  between  the  d isturbance  source  and  the  receiving  antenna;  

d  i s  the  pre-set  or speci fied  measurement d istance  on  the  test  s i te;  

x   i s  the  exponent wh ich  determ ines  the  actual  free-space  attenuation  rate.  

Combin ing  Equations  (21 ),  (22)  and  (23)  the  l im i t i s  g i ven  by:  

 ELim i t  =  µw  +  µGw  – µGi  +  x•20  l g  (r/d)  +  µLb  – µm  –  Rp  +  tβσ i   

 – tα  [
2
m

2
Lb

2
Lo

2
Gi

2
i

2
Gw

2
w σσσσσσσ ++++++ ] 1 /2  (24)  

CI SPR Recommendation  46/1  (see  CISPR 1 6-4-3)  speci fies  that 80  %  of series-produced  
equ ipment shou ld  meet the  d isturbance l im i t,  and  that the  testing  shou ld  be  such  that there  is  
80  %  confidence  that th is  i s  so.  For these  cond i tions  tβ  assumes  a  va lue  of 0 , 84.  

5.5.2  Wire-l ine  coupl ing  

5.5.2 .1  Mains  coupl ing  using  the mains  decoupl ing  factor 

NOTE  Th is  descri bes  the  effect  of coupl i ng  path  a)  as  i n  5. 3. 6 . 2 .  

The  requ i red  qual i ty of rad io  commun ications  i s  considered  to  be  fu l fi l l ed ,  i f the  probabi l i ty,  
that the  actual  s i gnal - to-d isturbance ratio  R  i s  g reater than  the  m in imum  acceptable  va lue  Rp ,  

exceeds  a  speci fied  value.  That i s  

 P(R >  Rp)  ≥  α  (25)  

where  

R  i s  the  actual  s i gnal - to-d isturbance ratio  at the  receiver's  antenna  port;  
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Rp  i s  the  m in imum  acceptable  value  of the  s ignal -to-d isturbance ratio  at  the  receiver's  

an tenna  port;  

α  i s  a  speci fi ed  value  represen ting  the  re l i abi l i ty of rad io  communications.  

The  re lationsh ip  between  the  actual  s i gnal -to-d isturbance ratio  and  generated  electro-
magnetic d isturbance is :  

 R  =  Uw  – Ui r =  Uw – Ui  +  K dB  (26)  

where  

Uw  i s  an  effective  value  of wan ted  s ignal  at  the  receiver's  antenna  port or feed ing  poin t;  

Ui r  i s  the  perm issib le  effecti ve  d isturbance  level  at  the  receiver's  an tenna  port or feed ing  

poin t;  

Ui  i s  a  value  of a  speci fi ed  component of the  e lectromagnetic d is turbance (as  e. g .  vol tage,  

curren t,  power,  etc. )  measured  at the  mains  port of the  d isturbance source  i n  a  speci fi ed  
way us ing  speci fied  equ ipment ( i . e.  a  quas i -peak detector);  

K i s  a  decoupl ing  factor defined  as  a  ratio  of Ui  to  an  effective  va lue  of e lectromagnetic  

d isturbance s ignal  Ui r  at  the  receiver's  an tenna  port or feed ing  poin t.  

For the  s i tuations  where  the  d istu rbance i s  coupled  predom inantl y by conduction  (frequencies  
be low 30  MHz):  

 K =  Km  +  I  dB  (27)  

where  

Km   i s  the  mains  decoupl i ng  factor re lati ng  Ui  measured  at the  source  (by an  arti ficia l  mains  

network)  to  the  va lue  of d isturbance  at  the  mains  i npu t to  the  receiving  i nstal l ation ;  

I  i s  the  mains  immun i ty factor re lating  the  value  of d isturbance at the  mains  input to  an  
equ ivalent d isturbance wh ich ,  i f appl i ed  at the  antenna  port or feed ing  poin t of the  
receiving  i nsta l l ation ,  wou ld  produce  the  same effect.  

NOTE  Such  a  receiving  i nstal l ati on  may comprise  a  usual  broadcast rad io  rece iver wi th  bu i l t- i n  an tenna,  or 
a  professional  rad i o  receiver connected  to  an  externa l  ou tdoor an tenna  as  we l l .  

I t  has  been  establ ished  experimenta l l y that probabi l i ty d istribu tions  of Uw  (dB) ,  Ui  (dB)  and  K 

for arbi trari l y se lected  d isturbance sources,  rad io  receiving  i nstal l ations  and  d istances  
between  them  is  wel l  approximated  by a  normal  d i stribution  l aw.  

A l im i t  for e l ectromagnetic d is turbances  appl ying  to  the  mains  port of the  d isturbance  source  
is  establ ished  for a  defi n i te  quan ti l e  Ui (p)  i n  the  probabi l i ty d istribution  of Ui .  A perm issib le  

value  L  for Ui (p)  i s  se lected  i n  such  a  way that at Ui (p)  =  L ,  a  re l iabi l i ty of guaranteeing  a  

rad io  reception  wh ich  has  a  qual i ty R  ≥  Rp  wou ld  be  equal  to  the  speci fi ed  va lue  α :  

 ULim i t  =  Lpr(Ui )  =  µUw  +  µk  – Rp  +  tβσU i  – tα[
2
k

2
U

2
U iw

σσσ ++ ] 1 /2  (28)  

µ  and  σ2  are  expectations/variances  of correspond ing  components ;  tα  =  F
–1 (α) ,  tβ  =  F–1 (ß)  

are  arguments  of a  standard  normal  d istribution  function  (wi th  zero  mean  and  variance  of 
un i ty)  wh ich  is  equal  to  tα  and  tβ ,  respectivel y.  

For series-produced  articles  CI SPR recommends  that ß  =  0 , 8 ;  then  tβ  =  0 , 84 .  A va lue  of α  i s  
se lected  between  0 , 8  and  0 , 99,  depend ing  on  the  type  of a  rad io  network (rad io  broadcasting ,  

a i r navigation ,  et al) .  When  α  =  0 , 95,  then  tα  =  1 , 64.  
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I t  has  been  found  experimental l y that σk  i s  the  most s i gn i fican t factor.  A change  in  the  value 

of σk  wi th  an  equ ivalent  change in  the  l im i t  for Ui  resu l ts  i n  no  variation  from  the  speci fi ed  

qual i ty and  rel i abi l i ty of rad io  performance.  Therefore,  l im i ts  are  ca lcu lated  for equ ipment 
l ocated  i n  s im i l ar cond i ti ons  re lati ve  to  rad io  receiving  i nstal l ations  of a  g i ven  rad io  network.  
For i nstance,  i n  order to  protect a  broadcast reception  i n  dwel l i ng  houses,  i t  i s  enough  to  
consider two  groups  on l y:  

– equ ipment located  i n  dwel l i ng  houses  or connected  to  thei r suppl y mains;  

– equ ipment located  outs ide  dwel l ing  houses.  

The  second  group,  on  the  bas is  of econom ic cons iderations  and  separation  d istance,  i s  
d ivided  in to  the  fol lowing  subgroups:  power l i nes;  e lectric transport;  motor veh icles ;  industria l  
equ ipment located  i n  an  ass igned  terri tory;  etc.  

5.5.2 .2  Mains  and  telecommunication  l ine  coupl ing  by radiation  from  a  network 

NOTE  Th is  descri bes  the  effect  of coupl i ng  path  b)  described  i n  5. 3. 6 . 2  

This  model  assumes:  

– the  i n jection  of symmetric (d i fferen tia l  mode),  asymmetric  (common  mode)  and  
combinations  thereof ( i . e.  unsymmetrical )  vol tages/curren ts  i n to  the  network and  the  
convers ion  of symmetric  and  symmetric components  of unsymmetrical  vo l tages/currents  
i n to  effecti ve  asymmetric  (common  mode)  vol tages/curren ts  due  to  the  properties  of the  
complete  i nsta l lation  (network includ ing  connected  apparatus) ;  

– the  attenuation  of asymmetric d isturbances  between  source  and  victim  receiver location  
a long  the  d istribu tion  network 

– the  generation  of a  magnetic (near-)fie ld  by asymmetric (common  mode)  d isturbance 
curren ts  and  the  coupl i ng  of th is  fiel d  i n to  ferri te  an tennas  of broadcast rad io  receivers  i n  
the  l ong  and  med ium  frequency ranges,   

– the  generation  of an  e lectric (near-)fiel d  by asymmetric (common  mode)  d is turbance 
vol tages  and  the  coupl ing  of th is  fi e ld  i n to  te lescopic rod  an tennas  of rad io  receivers  i n  the  
h igher frequency range,  and   

– i n  the  frequency range  above abou t 1 0  MHz the  generation  of an  e lectromagnetic fie ld  by 
the  asymmetric (common  mode)  d isturbance power via  a  rad iati ng  hal f-wave d ipole  and  
the  coupl ing  of th is  fie l d  i n to  the  an tenna  of rad io  receivers  operati ng  i n  th is  frequency 
range.  

S im i l ar to  5. 5. 1  we  define  the  fo l lowing  quan ti ti es  (wi th  l og-normal  d is tribution) :  

Ew  i s  the  actual  fi e l d  strength  of the  wanted  s i gnal  at  the  pos i tion  of the  rad io  receiver's  

an tenna  as  a  function  of i ts  mean  value  (µw)  and  standard  deviation  (σw) ;  

Ei r  i s  the  actual  fi e ld  strength  of the  d is turbance s i gnal  (generated  by the  asymmetric 

d isturbance curren t Ii ,  on  a  cable  of the  network (Ei r  =  Z0  Hi r) ,  or generated  by the  

asymmetric d isturbance  vol tage  Ui ,  or generated  by the  asymmetric  d is turbance  

power Pi )  at the  pos i tion  of the  receiving  an tenna  as  a  function  of i ts  mean  value  (µ i )  and  
standard  deviation  (σ i ) ;  

Mi r  i s  the  actual  va lue  of the  factor for polari zation  match  between  the  d isturbance fie l d  

strength  Ei r  and  the  receiving  an tenna  of the  victim  receiver as  a  function  of i ts  mean  

value  (µm )  and  s tandard  deviation  (σm ) .  The  absolu te  va lue  m i r  equals  1 ,  when  the  

receiving  an tenna  polari zation  matches  the  polari zation  of Ei r  and  becomes  l ess  than  1  

i n  a l l  other cases.  S ince  Mi r  and  the  re lated  mean  value  µm  are  used  i n  l ogari thm ic terms 

thei r quanti ties  are  equal  to  or smal ler than  0  dB  and  thus  a lways  have  a  negative  s ign .  

C  i s  the  value  of the  conversion  factor CI  =  Ei r/Ii  or CU  =  Ei r/Ui  or CP = Ei r/Pi  as  a  function  

of i ts  mean  va lue  (µc)  and  standard  deviation  (σc) .  CI  and  CU  can  be  estimated ,  i n  a  fi rst 
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approach ,  by use  of the  l aw of B iot-Savart,  i f for that estimation  the  impedance  Z  a t  the  
poin t  of i n terest i s  taken  i n to  account,  and  CP  can  be  estimated  by the  fie l d  s trength  

expected  from  a  tuned  ha l f-wave d ipole  substi tu ti ng  a  certa in  cable  l eng th  at the  g i ven  
l ocation .  S ince  C  i s  a lways  smal ler than  1 ,  i ts  l ogari thm ic quanti ties  become negative;  

A  i s  the  value  of the  attenuation  between  Ii ’  (resp.  Ui ’  or Pi ’)  at the  source  l ocation  and  Ii  

(or Ui ,  or P i ,  respectivel y)  at the  receiver l ocation  as  a  function  of i ts  mean  va lue  (µa)  
and  standard  deviation  (σa) ;  

Z  i s  the  value  of the  (frequency-dependant)  impedance  between  the  effecti ve  asymmetric 
d isturbance vol tage  Ui  and  the  effecti ve  asymmetric  d is turbance curren t Ii  at  the  same 

(e. g .  source)  l ocation  as  a  function  of i ts  mean  value  (µz)  and  s tandard  deviation  (σz) ;  

Ui ’  i s  the  va lue  of the  effecti ve  asymmetric vol tage  at  the  source  l ocation  as  function  of i ts  

mean  value  (µu )  and  standard  deviation  (σu ) ;  

Pi  i s  determ ined  by the  ratio  of Ui
2 /Z  or Ii

2 •Z at  the  poin ts  of i n terest;  

Then  (wri tten  as  l ogari thm ic quanti ti es)  the  actual  s i gnal - to-d isturbance  ratio  R  i s   

 R  =  Ew  (µw;σw)  – [Ei r(µ i r;σ i r)  +  Mi r(µm ;σm )]  (29)  

wi th  

 Ei r  (µ i r;σ i r)  =  Ui ’  (µu ;σu)  – Z(µz ;σz)  – A(µa ;σa)  +  C(µc;σc)  (30)  

and  the  perm iss ib le  mean  value  of the  d is turbance  fie l d  strength  wi l l  be  obta ined  us ing :  

 µ i r  =  µw  – µm  – Rp  –  tα(σw2  +  σm2  +  σ i r2)1 /2  (31 )  

µ i r  can  also  be  expressed  as  µ i r/dB(µV/m)  =  µu /dB(µV)  – µz/dB(Ω)  – µa/dB  +  µc/dB(Ω/m ),  and  

σ i r  can  be  expressed  as  σ i r2  =  σu2  +  σz2  +  σa2  +  σc2  (un i ts  of σ  i n  dB) .  

Therefore  the  perm iss ib le  mean  value  of the  asymmetrica l  (common  mode)  d isturbance 
vol tage  can  be  defined  as  

 µu  =  µw  – µm  – Rp  +  µz  +  µa  – µc  – tα(σw2  +  σm2  +  σu2  +  σz2  +  σa2  +  σc2)1 /2
 

(32)  

Taking  i n to  account Equation  (22),  the  l im i t ULim i t  becomes   

 ULim i t  =  µw  – µm  – Rp  +  µz  +  µa  – µc  +  tβσu  –  tα(σw2  +  σm2  +  σu2  +  σz2  +  σa2  +  σc2)1 /2
 

(32a)  

Respectivel y,  i n  the  frequency range  above 1 0  MHz,  the  d isturbance  fie ld  s trength  can  be  
estimated  by  

 Ei r  =  7 /d· √Pi  (33)  

That means  that  

 µ i r/dB(µV/m)  =  20  l g  (7/d) /dB(Ω½/m )  +  µu /dB(µV)  – 0 , 5µz/dB(Ω½)  – µa/dB  

For d  =  3  m ,  the  fi rst  term  is  7 , 4  dB  

µu  =  (µw  – µm  – Rp  +  µa  +  0 , 5µz  – 7 , 4)  – tα(σw2  +  σm2  +  σu2  +  σz2/4  +  σa2)1 /2  (34)  
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Taking  i n to  account  Equation  (22),  the  l im i t ULim i t  becomes   

 ULim i t  =  (µw  -  µm  –  Rp  +  µa  +  0 , 5µz  –  7 , 4)  +  tβσu  –  tα(σw2  +  σm2  +  σu2  +  σz2 /4  +  σa2)1 /2  (34a)  

Example for the AM frequency range:  

Accord ing  to  I TU  Recommendation  BS. 703,  the  m in imum  receive  fie ld  s trength  µw  (σw  set to  
0)  shou ld  be   

–  for Band  5  (LF) :  66  dB(µV/m)  

– for Band  6  (MF):  60  dB(µV/m)  

– for Band  7  (HF) :  40  dB(µV/m)  (for DSB  and  SSB  modu lation )  

whereas  the  other mean  values  have  been  assumed  as  

– RF  protection  ratio:  Rp  =  27  dB  

– Polari zation  match :  µm  =  – 6  dB,  and  σm  =  4  dB  

– Impedance:  µz  =  34  dB(Ω)  ( i . e.  Z  =  50  Ω) ,  and  σz  =  4  dB  

– Attenuation :  µa  =  1 0  dB,  σa  =  5  dB  

– Convers ion  factor:  µc  =  – 27  dB(Ω/m ),  i f the  receiver i s  assumed  to  operate  at 

a  d istance  of 3  m  from  a  cable  of the  network,  wi th  

σc  =  3  dB.  

– Standard  deviation  of the  
d isturbance vol tage:  

 

σu  =  1 5  dB  (see  F igure  4  be low)  

Applying  Equation  (32a)  to  the  MF  range,  wi th  tα  =  0 , 84  and  tβ  =  0 , 84,  the  perm issib le  mean  

va lue  of the  asymmetric  d isturbance vol tage  becomes  41 , 67  dB(µV)  and  the  calcu lated  l im i t  

becomes  54 , 27  dB(µV).  

Using  Equation  (34a)  for the  range  at 30  MHz we get the  perm iss ible  d isturbance mean  

vol tage  as  1 5, 1  dB(µV)  and  the  calcu lated  l im i t becomes  27, 7  dB(µV).  Th is  value  is  ca lcu lated  
under the  assumption  of far fi e ld  cond i ti ons.  

Guidance for field-strength measurements:  

I n  the  l ong  and  med ium  wave  frequency bands,  the  d isturbance fi e ld  strength  shou ld  be  
measured  wi th  a  loop  an tenna,  whereas  i n  the  short wave frequency bands,  the  d is turbance  
fie l d  streng th  shou ld  be  measured  wi th  a  h i gh l y balanced  shortened  d ipole  an tenna  ( i t  i s  not  
poss ib le  to  use  rod  antennas  in  bu i l d i ngs  s ince  the  counterpoise  i s  fl oating).  

Example of a  measurement result:  

I t  i s  normal l y not poss ib le  to  model  compl icated  network structures,  l ike  e . g .  AC mains  
networks.  I t  i s  therefore  necessary to  make a  sufficien t number of measurements  wi th  
subsequent statistical  evaluation  of the  resu l ts .  For that pu rpose  i t  i s  advisable  to  feed  a  
certa in  (common  or d i fferen tia l  mode)  power i n to  the  network and  to  measure  the  maxima of 
the  magnetic (or e l ectric)  fie ld  strength  at  defi ned  d istances  from  the  feed  poin t a long  the  
network and  at certain  d istances  (e. g .  3  m ,  wh ich  may be  d i fficu l t i ns ide  bu i l d ings)  from  the  
network l i nes,  at  a  number of poin ts  wh ich  is  suffi cien t for the  determ ination  of va l i d  statis tical  
parameters.  

The  measurement resu l ts  presented  i n  F igure  4  have  been  obtained  i n  a  study executed  in  
Dresden  commissioned  by the  German  adm in istration ,  see  [3 ] .  
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Al l  data  for the  convers ion  factor were  obta ined  by measuring  the  magnetic component of the  
d isturbance fie l d  strength  Hk  i n  a  bu i l d i ng  wi th  4  feed  poin ts  us ing  26  d i fferent fie l d -streng th  

measurement l ocations.  For the  standard  deviation  s(Hk) ,  the  ri gh t hand  scale  of F igure  4  

appl ies .  
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Figure 4 – Example of conversion  factors  – 
field  strength  /  common-mode vol tage  (i n  dB)  – 

at  feed  point,  found  in  practice  

The convers ion  factor ( fie l d  strength  d i vided  by common-mode  vol tage,  i n  dB)  helps  to  
determ ine  l im i ts  for the  common-mode vol tage  for a  g i ven  scenario  (wi th  e . g .  the  rad io  service  
operated  at a  certa in  d istance  from  the  network,  and  assum ing  a  speci fi ed  long i tud ina l  
conversion  loss  (LCL)  for the  network).  
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Magnetic field strength generated by a symmetrical  voltage of 1 05 dB(µV) 

depending on the measurement distance 
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Figure 5  – Example of conversion  factors  – 
field  strength  generated  by d i fferential -mode vol tage  – 

at  feed  point,  found  in  practice  

Other conversion  factors  have  been  obtained  feed ing  a  certa in  d i fferen tia l -mode power i n to  
power- l i ne  networks  (see  F igure  5).  The  comparison  of the  convers ion  factors  for d i fferentia l  
and  for common-mode  power wi l l  show the  effective  d i fferentia l  mode rej ection  of the  network.  

F i gure  5  shows an  example  of resu l ts  from  measurements  of the  magnetic d isturbance  fie l d  
strength  (H -field  converted  to  E-fie ld  us ing  the  free-space wave  propagation  impedance Z0)  

generated  by a  d i fferen tia l -mode vol tage  i n jected  in to  a  LV AC mains  network between  l i fe  
and  neu tral  l i nes.  From  th is  measurement resu l t,  the  convers ion  factor from  d i fferential -mode  
vol tage  to  fie l d  strength  can  be  obtained .  (The  example  ind icates  the  90%  value  of the  fie ld  
strength ,  i . e .  the  fie ld  strength  not exceeded  by 90%  of the  values.  The  resu l ts  base  on  
48  measurement poin ts  wi th in  a  d istance  of up  to  3  m ,  57  measurement poin ts  between  3  and  
5  m  and  87  measurement poin ts  between  5  and  30  m . )  
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Figure 6  – Example  of conversion  factors  – 
field  strength  generated  by d i fferential -mode vol tage  – 

outside  bu i ld ings  and  electrical  substations,  found  in  practice  

Figure  6  shows  an  example  of resu l ts  of measurements  of the  magnetic d is turbance fie ld  
strength  (H -field  converted  to  E-fie ld  us ing  the  free-space wave  propagation  impedance Z0)  

generated  by a  d i fferen tia l -mode vol tage  of 1 08  dBµV (9  kHz)  in j ected  i n to  a  th ree  phase  LV 
AC mains  network between  two phase  l i nes.  The  red  l i ne  i nd icates  the  80%  fie ld  strength ,  i . e .  
at l east 80%  of a l l  measurement resu l ts  are  l ower than  the  red  l i ne  value,  wi th  a  confidence  of 
80%.  The  resu l ts  base  on  measurements  at 1 60  poin ts  wi th in  a  d is tance  of 3  m  from  bu i l d ings  
and  e lectrici ty substations.  Notice  that th is  i s  not  a lways  identical  wi th  the  d istance  to  the  
cables  of the  mains  gri d .  

F i gu re  7  shows  an  example  of resu l ts  of measurements  of the  magnetic d isturbance fie l d  
strength  (H -fiel d  converted  to  E-fie ld  us ing  the  free-space  wave  propagation  impedance Z0)  

generated  by a  d i fferentia l -mode vol tage  of 1 08  dBµV (9  kHz)  i n jected  in to  a  LV AC mains  
network between  phase  and  neutra l  l i nes.  The  red  l i ne  i nd icates  the  80%  fie ld  streng th ,  i . e .  at  
l east 80%  of a l l  measurement resu l ts  are  lower than  the  red  l i ne  value,  wi th  a  confidence of 
80%.  The  resu l ts  base  on  measurements  on  67  poin ts  wi th in  a  d is tance  of up  to  3  m  from  the  
cables  i n  the  m idd le  of normal  rooms  i ns ide  bu i ld i ngs.  

NOTE  F igu res  6  and  7  show the  coupl i ng  factor k  as  a  fu nction  of frequency.  I t  i s  defi ned  as  the  transfer function  
between  the  forward  power i n j ected  i n to  the  LV AC mains  network and  the  produced  fi e l d  strength .  Us ing  k,  the  
upper l im i t  val ue  of the  wanted  s i gnal  power may be  determ ined  wh ich  may be  i n j ected  i n to  a  te l ecommun ication  
network wi thou t exceed i ng  a  g i ven  d i stu rbance  l im i t.  
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Figure 7  – Example of conversion  factors  – 
field  strength  generated  by d i fferential -mode vol tage  – 

ins ide  bu i ld ings,  found  in  practice  

5.6  Another su i table  method  for equ ipment in  the  frequency range  1 50  kHz to  1  GHz 

5.6. 1  In troduction  

The purpose  of th is  subclause  is  to  review stud ies  made  for the  derivation  of CI SPR l im i ts  for 
the  protection  of te lecommun ications  from  i n terference  from  RF  I SM  equ ipment and  to  
conclude  from  these  a  recommended  method  wh ich  meets  the  objectives  of CISPR and  I TU .  
The  model  deals  on l y wi th  rad iation  wh ich  occurs  ou tside  the  wanted  frequency bands  
designated  by I TU  for use  by i ndustria l ,  scienti fic,  and  med ical  ( I SM)  appl i cations,  i . e.  ou ts ide  
the  I SM  bands.  

5.6.2  Derivation  of l imits  

The fu l l  range  of parameters  to  be  taken  i n to  accoun t i n  the  derivation  of l im i ts  i s  shown  in  
Table  3  together wi th  the  major rad io  services  requ iri ng  protection .  

5.6.2 .1  Protection  of communication  services  

The wan ted  fie ld  strength  to  be  protected ,  the  protection  ratio  requ i red  for the  d i fferent types  
of rad io  services,  the  d i stance  from  the  source  at wh ich  protection  i s  necessary,  and  the  
attenuation  law to  be  used  i n  the  calcu lation  are  important.  These  are  matters  i n  wh ich  I TU  
support i s  essen tia l .  

5.6.2 .2  Proposed  model  for use in  calcu lating  d isturbance  l im its  

The factors  that have  trad i tional l y been  i ncluded  in  models  for pred icti ng  i n terference from  
rad io-frequency sources  are  l i sted  in  columns  1  to  1 0  of Table  3 .  By assign ing  appropriate  
values  to  each  parameter,  for example,  fie l d  streng th  to  be  protected ,  protection  ratio,  e tc. ,  
worst-case  l im i ts  for protecting  the  various  commun ication  services  from  in terference from  a  
certa in  type  of equ ipment may be  determ ined .  However,  a  model  wh ich  i s  based  on  worst-
case  parameters  i s  both  techn ical l y and  econom ical l y unreal istic s ince  i t  i gnores  the  fact that 
there  have  been  very few i nstances  of i n terference  attribu ted  to  the  d istinct type  of equ ipment 
actual l y cons idered .  I t  i s  therefore  cri tica l  that the  experience  i n  th is  subject shou ld  be  taken  
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i n to  account.  Thus,  the  benefi ts  of worldwide  experience  in  th is  subject can  be  i ncluded  
a l though  i t  i s  recogn ized  that  the  probabi l i ty can  on l y be  a  qual i fi ed  estimate  at present,  
because  so  many complex factors  are  i nvolved  as  shown  in  5. 6. 2. 3.  Determ ination  of 
numerica l  va lues  of the  probabi l i ty for the  various  rad io  services  i s  u rgen tl y requ i red  and  
stud ies  are  be ing  undertaken  i n  several  coun tries .  

5.6.2 .3  Probabi l i ty factors  

Probabi l i ty of coincidence  of adverse  factors:  

P  =  P1  ×  P2  ×  P3  ×  P4  ×  P5  ×  P6  ×  P7  ×  P8  ×  P9  ×  P1 0  

 P  =  P1  ×  P2  ×  P3  ×  P4  ×  P5  ×  P6  ×  P7  ×  P8  ×  P9  ×  P1 0  (35)  

where  

P1  i s  the  probabi l i ty that the  major l obe  of the  rad iation  is  i n  the  d i rection  of the  victim  

receiver;  

P2  i s  the  probabi l i ty of d i rectional  receiving  aeria ls  having  maximum  pick-up  i n  the  d i rection  

of the  d isturbing  source;  

P3  i s  the  probabi l i ty that the  victim  receiver i s  s tationary;  

P4  i s  the  probabi l i ty of equ ipment generating  a  d is turbing  s i gnal  on  a  cri tical  frequency;  

P5  i s  the  probabi l i ty that the  re levant harmon ic  is  below the  l im i t  va lue;  

P6  i s  the  probabi l i ty that the  type  of d isturb ing  s i gnal  being  generated  wi l l  produce  a  

s i gn i ficant  effect i n  the  receiving  system ;  

P7  i s  the  probabi l i ty of coincident operation  of the  d is turbing  source  and  the  receiving  

system ;  

P8  i s  the  probabi l i ty of the  d isturbing  source  being  wi th in  the  d istance  at wh ich  i n terference  

is  l i ke l y to  occur;  

P9  i s  the  probabi l i ty of coincidence that the  value  of rad iation  at the  edge  of service  area  for 

the  protected  service  j ust  meets  the  l im i t for the  RF  d istu rbance;  

P1 0  i s  the  probabi l i ty that  bu i l d ings  provide  attenuation .  
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Table  3  – Tabu lation  of the  method  of determin ing  l imits  for equ ipment in  the  frequency range 0, 1 50  MHz to  960  MHz 
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0 , 285  

LF  BC  
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0 , 285  to  
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Table  3  (continued)  
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21 , 00  to  
21 , 45  

Amateur 
rad io  

           

24 , 89  to  
24, 99  

Amateur 
rad io  

           

28 , 00  to  
29, 70  

Amateur 
rad io  

           

30 , 00  to  
68, 00  

TV BC 
Land  mobi l e  

           

50 , 00  to  
54, 00  

Amateur 
rad io  

           

68 , 00  to  
72, 00  

Aud io  BC  
Land  mobi l e  

           

76 , 00  to  
87, 50  

TV BC 
Land  mobi l e  

           

87 , 50  to  
1 08, 00  

Aud io  BC             

1 08, 00  to  
1 56, 00  

I LS  Aero-
mobi l es  
Land  mobi l e  

           

1 44, 00  to  
1 48, 00  

Amateur 
rad io  

           

1 56, 00  to  
1 74, 00  

Land  mobi l e             
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Table  3  (end)  
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21 6, 00  to  
400, 00  

I LS             

223, 00  to  
230, 00  

Amateur 
rad io  

           

400, 00  to  
470, 00  

F i xed  l i nks  
Land  mobi l e  

           

430, 00  to  
440, 00  

Amateur 
rad io  

           

470, 00  to  
585, 00  

TV BC            

585, 00  to  
61 4, 00  

Aeronav 
TV BC 

           

61 4, 00  to  
854, 00  

TV BC            

854, 00  to  
960, 00  

Land  mobi l e              

902, 00  to  
928, 00  

Amateur 
rad io  

           

NOTE  Expl anati on  of col umn  head ings:  

(3)  Med ian  val ue  of the  fi e l d  s trength  to  be  protected  at  the  edge  of service  area:  to  be  deri ved  from  I TU  regu lati ons  and  I TU  recommendati ons  as  appropri ate.  

(4)  Protection  rati o.  The  s i gnal -to- i n terference  ratio  requ i red  to  protect  the  rad io  service  from  i n terference  wi th  the  characteri s ti cs  of the  s i gna l  generated  by  the  d i s tu rbance  source  
(for example,  frequency stabi l i ty,  etc. ) .  Th i s  i s  the  val ue  to  be  used  i n  the  deri vati on  of l im i ts  and  i s  not  necessari l y the  same  protection  rati o  as  recommended  by I TU  for 
p l ann ing  pu rposes.  

(6)  The  mean  m in imum  d i stance  from  the  d i stu rbance  sou rce  at  wh ich  receiving  i nstal l ati ons  of the  re levant  rad io  service  are  normal l y i nstal l ed .  D i stu rbance  sources  at  a  d i fferent  
d i s tance  wi l l  be  a l l owed  for i n  the  probabi l i ty factor.  

(9)  The  attenuation  provi ded  by bu i l d i ngs  i n  wh ich  the  d i stu rbance  source  i s  i nsta l l ed .  Experi ence  has  shown  that  1 0  dB  i s  a  normal  practi cal  va l ue.  
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5.6.3  Appl ication  of l im its  

The CISPR has  trad i tional l y adopted  the  view that there  shou ld  be  on l y one  l im i t for each  type  
of appl iance.  I n  the  past,  th is  approach  has  had  cons iderable  meri t,  bu t was  i ncreasing l y 
d i fficu l t to  sustain .  Thus,  i t  has  been  found  usefu l  to  i n troduce several  classes  of l im i ts,  e. g .  
for d is tu rbances  from  RF  I SM  equ ipment (see  CISPR 1 1 ) .  

5.6.4  Overview of proposals  for determination  of d isturbance l im its  for a  g iven  type  of 
equ ipment 

5.6.4.1  Determination  of l im its  from  practical  experience  

The exponents  of th is  approach  state  s impl y that l im i ts  i n  use  i n  the ir own  coun try have  been  
proved  by practical  experience  to  g i ve  adequate  protection .  

Th is  i s  a  powerfu l  argument wh ich  cannot be  i gnored .  The  techn ical  evaluation  of coupl ing  
between  sources  of i n terference and  communication  services  i s  very complex and  vi rtua l l y 
imposs ible  to  define  precisel y i n  mathematical  or practical  terms  main l y because  control  of 
the  various  parameters  i s  imposs ib le  and  the  spreads  on  measured  va lues  are  very wide.  
Experience  is  therefore  valuable.  Unfortunate l y,  the  same factors  wh ich  make experience  
valuable  tend  to  m i l i tate  against the  acceptance of th is  approach  un less  the  experience  
ga ined  i n  a  sufficien tl y l arge  number of coun tries  l eads  to  s im i lar conclusions.  I n  th is  case,  
however,  there  i s  not a  sufficientl y l arge  number of countries  supporti ng  the  unqual i fied  
appl ication  of the  actual  l im i ts  bu t there  is  cl earl y a  need  to  support the  approach  as  one  
factor in  the  consideration  of l im i ts.  

5.6.4.2  User and  manufacturer responsibi l i ty for avoidance  of in terference  

I n  a  number of countries,  user regu lations  are  i n  force.  

User l im i ts  may take  one  of several  form  ou tl i nes  as  fol lows:  

a)  regu lations  may requ ire  users  of an  appl iance  to  meet certa in  l im i ts  i f i n terference is  
caused ;  

b)  i f i n terference  i s  caused ,  regu lation  may requ i re  an  user of an  appl iance  to  cease  
operation  un ti l  the  i n terference  is  abated ;  

c)  regu lations  based  on  the  l i cens ing  of operation  of a  certa in  type  of apparatus.  

These  approaches  on  the ir own  satisfy nei ther the  I TU/CISPR cri teria  for avoidance of 
i n terference  nor the  CISPR requ irements  for avoidance of techn ical  barriers  to  trade.  User 
l im i ts  wou ld  probably,  in  any case,  be  qu i te  unacceptable  i n  a  number of coun tries  as  they 
p lace  the  user i n  an  unfavourable  posi tion  l egal l y,  fi nancia l l y and  techn ical l y.  

User regu lations  i n  con junction  wi th  manufacturer regu lations  are  a  d i fferent  matter.  I n  these  
the  user may be  requ i red  to  main tain  suppression  to  the  s tandard  of new equ ipment and  h is  
financia l ,  l egal  and  techn ical  obl i gations  are  therefore  clear.  

Examples  of l im i ts  wh ich  are  i n  use  for user-on l y regu lations  are  those  i n  force  in  the  Un i ted  
Kingdom  for i ndustrial  rad io-frequency heaters  i n  the  frequency range  0 , 1 5  MHz to  
1  000  MHz.  These  broad ly conform  wi th  the  present CI SPR l im i ts  wi th  a  provision  of a  1 0  dB  
more  stri ngent l im i t where  i n terference  is  caused  to  safety of l i fe  services.  

Other examples  are  the  USA regu lations  wh ich  take  the  form  described  i n  i tem  b)  and  the  
German  regu lations  wh ich  take  the  form  of i tem  c).  I n  the  USA,  the  l im i ts  for 
RF  I SM  appl iances  are  considerabl y l ess  s tringen t than  those  recommended  by CISPR.  

5.6.4.3  Calcu lation  of l imits  on  a  worst-case basis  

This  method  of arri ving  at l im i ts  i s  i n tended  to  provide  a  h i gh  degree  of protection  for a l l  rad io  
communication  services.  Lim i ts  are  ca lcu lated  us ing  m in imum  va lues  of fi e ld  strength  to  be  
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protected ,  h igh  values  of protection  ratio,  maximum  coupl i ng  between  d i sturbance sources  
and  rad io  commun ication  receivers,  and  m in imum  values  of attenuation  wi th  d is tance  of the  
d isturb ing  s i gnal .  

At fi rst s i gh t,  th is  approach  m igh t seem  to  be  i deal  as  i t  wou ld ,  i f implemented ,  l ead  to  an  
i deal  s i tuation  of very l ow va lues  of man-made ambien t rad io-frequency noise.  The  cost to  
society of the  adoption  of such  l im i ts,  however,  wou ld  be  h igh  and  i t  wou ld  be  imposs ible ,  wi th  
present technology,  to  con tinue  to  operate  many e lectrica l  devices ,  wh ich  wou ld  not 
con tribu te  to  the  wel fare  and  heal th  of the  human  race.  

5.6.4.4  Determination  of l im its  by means  of statistical  evaluation  

This  approach  states  that the  control  of rad io  i n terference has  to  be  treated  s tatistical l y 
because  the  many factors  i nvolved  are  not under the  con trol  of the  eng ineer and  those  
parameters  wh ich  are  capable  of measurement have  very wide  spreads  of va lues.  

The  statistica l  evaluation  approach  has  to  overcome these  d i fficu l ti es .  I t  shou ld  satisfy the  
communicator that commun ication  services  wi l l  receive  adequate  protection  under normal  
ci rcumstances  of correct use,  and  the  manufacturers  and  users  of e lectri ca l  equ ipment that 
econom ic,  operational  and  safety cons iderations  are  being  correctl y taken  i n to  accoun t.  

5.6.5  Rationale  for determination  of CISPR l imi ts  in  the  frequency  
range below 30  MHz 

5.6.5.1  General  

With  th is  subclause,  a  method  for the  estimation  of d isturbance l im i ts  for a  g iven  type  of 
equ ipment i s  described .  Th is  approach  can  be  appl i ed  for the  frequency range  below 30  MHz.  
For rad iation  coupl ing ,  dependence of the  perm issib le  d isturbance  fi el d  strength  from  the  

wanted  s i gnal  µw,  the  s i gnal -to-d isturbance ratio  Rp ,  and  other i n fl uence factors  can  be  

estimated  based  on  Equations  (21 )  and  (22)  found  i n  5. 5.  

Th is  model  shou ld  be  used  by Product Committees  to  determ ine  the  d isturbance l im i ts  
measured  on  a  EUT i n  standard ized  test s i tes.  Th is  model  i s  considered  su i table  for poin t  
source  magnetic  fi e ld  devices  and  not  for d is tributed  or complex systems.  

Ten  probabi l i ty or i n fl uence  factors  P1  to  P1 0  have  to  be  cons idered  accord ing  to  5 . 6 . 2. 3.  

However,  for better al i gnment wi th  term inology used  for statis tics  the  ten  i n fl uence factors  P1  

to  P1 0  are  fu rther treated  i n  thei r mean  va lues  as  µP1  to  µP1 0 .  I t  shal l  be  noted  that the  va lues  
for µP1  to  µP1 0  can  be  used  in  l ogari thm ic terms  ( i . e.  i n  dB)  on l y.  

Taking  i n to  account Equation  (22)  we  can  wri te  

 ELim i t  =  µ i  +  tβσi  (36)  

Then  taking  equation  (21 )  i n to  accoun t,  noting  that tβ  =  0 , 84,  and  the  l im i t  becomes:  

 ELim i t  =  µw  –  Rp  +  µP1  +  µP2  +  µP3  +  µP4  +  µP5  +  µP6  +  µP7+  µP8  +  µP9  +  µP1 0   

 +  tβσi  – tα(σP1
2+  σP2

2  +  σP3
2+  σP4

2+  σP5
2  +  σP6

2  +  σP7
2+  σP8

2  +  σP9
2  +  σP1 0

2)1 /2  (37)  

where  

ELim i t  i s  the  mean  value  of the  perm issib le  d is turbance  fie l d  s trength  at a  speci fied  

d istance  d  from  the  d isturbance  source;  
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µw  i s  the  m in imum  value  of the  wan ted  fi e ld  strength  at the  edge  of the  service  area  of 

the  rad io  service  concerned ;  

Rp  i s  the  m in imum  acceptable  value  of the  s ignal -to-d isturbance ratio  ( i . e .  the  protection  

ratio)  a t the  receiver's  an tenna  port or feed ing  poin t;  

µP1  i s  the  mean  value  of the  main  l obes  of the  magnetic d ipole  rad iation  i n  the  d i rection  

of the  victim  receiver;  

σP1   i s  the  standard  deviation  of P1 ;  

µP2  i s  the  expected  mean  value  when  the  d i rectional  receiving  an tenna  has  i ts  maximum  

pick-up  i n  d i rection  of the  d isturbance source;  

µP3  i s  the  expected  mean  value  when  the  victim  receiver is  stationary;  

µP4  i s  the  expected  mean  value  when  there  i s  equ ipment generating  a  d isturbing  s ignal  

on  a  cri tical  frequency;  

µP5  i s  the  expected  mean  marg in  when  the  re levant  harmon ic is  below the  l im i t va lue;  

µP6  i s  the  expected  mean  value  when  the  type  of d isturbance s ignal  generated  wi l l  

produce a  s i gn i ficant  effect i n  the  receiving  system;  

µP7  i s  the  expected  mean  value  when  the  operation  of the  d isturbance source  i s  

coinciden t wi th  the  receiving  system ;  

µP8  i s  the  expected  mean  value  when  the  d isturbance source  is  l ocated  i n  a  d istance  to  

the  receiving  system  wi th in  wh ich  i n terference  i s  l i kel y to  occur;  

µP9  i s  the  expected  mean  va lue  when  the  va lue  of rad iation  at the  edge  of service  area  

for the  protected  service  j ust  meets  the  l im i t for the  RF  d isturbance;  

µP1 0  i s  the  expected  mean  value  when  bu i l d i ngs  provide  attenuation .  

Equation  (37)  i s  va l id  for mean  values  of i n fl uence  factors  (g iven  in  dB)  assum ing  a  l og-
normal  d istribu tion  of thei r figures.  Notice  that the  l atter may not  be  fu l fi l l ed  for each  factor i n  
each  i nd ividual  case.  By i nserting  appropriate  practical  figures,  Equation  (37)  can  be  used  to  
estimate  a  l im i t  ELim i t  for the  perm issib le  d is turbance fie l d  s trength .  

NOTE  Wi th in  these  calcu lati ons,  20  l og  has  been  u ti l i zed  for d i stance  el ements  and  1 0  l og  for the  others,  
assum ing  power and  not  vol tage.  

5.6.5.2  Consideration  and  estimated  values  of µP1  to  µP1 0  

5.6.5.2 . 1  Rad iation  pattern  of the  d isturbance source  (µP1 )  

5. 6.5.2 .1 . 1  Consideration  of µP1  

The horizontal  p lane  rad iation  pattern  on  a  smal l  purel y magnetic an tenna  is  described  i n  dB  
un i t by  

 G(φ)  =  Gmax  +  20  l og  (s i n (φ))  (38)  
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Figure 8  – horizontal  plane radiation  pattern  on  a  smal l  purely magnetic  antenna  

I n  the  general  case  the  victim  may be  i n  any possible  d i rection  wi th  equal -probabi l i ty.  The  
mean  value  and  standard  deviation  of the  gain  can  be  ca lcu lated  by the  fol l owing  averages  
over hal f of the  ci rcle.  
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Numerical  ca lcu lation  of Equations  (39)  and  (40)  g i ves  the  average  gain  Gavg  =  Gmax – 6,0  dB  

and  the  standard  deviation  σG  =  7 , 9  dB,  wh ich  l ead  to  µP1  =  Gmax  – Gavg  =  6  dB  and  σG  =  7 , 9  

dB  

5.6.5.2 . 1 . 2  Estimation  for the  µP1  

µP1  =  6  dB,  σP1 =  8  dB  

5.6.5.2 .2  Antenna gain  of the  victim  to  the  d isturbance source (µP2)  
(the  d i rectional  receiving  antenna have  i ts  maximum  pick-up  in  d irection  of 
the  d isturbance source)  

5.6.5.2 .2 . 1  Consideration  of µP2  

I n  the  frequency range  below 30  MHz,  a  typica l  receiving  an tenna  used  wi th  broadcast 
receivers  is  a  rod  an tenna.  Other antennas  are  a l so  used .  These  antenna  gains  can  vary to  as  
much  as  –1 0  dB  to  1 0  dB,  however i t  can  be  assumed  that 67  %  of a l l  an tennas  show a  gain  
of wi th in  3  dB  of an  i sotropic an tenna.   
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5.6.5.2 .2 .2  Estimation  for the  possible  range of µP2  

µP2  =  –3  dB,  σP2  =  3  dB  

5.6.5.2 .3  Stationary receiver (µP3)  

5.6.5.2 .3. 1  Consideration  of µP3  

Below 30  MHz,  i t  i s  l i kel y that the  victim  receiver wi l l  be  stationary;  hence  the  value  shou ld  be  
0  dB.  

5.6.5.2 .3.2  Estimation  for the  possible  range of µP3  

µP3  =  0  dB,  σP3  =  0  dB  

5.6.5.2 .4  Equ ipment generating  a  d isturbing  signal  at  a  cri ti cal  frequency and  

relevant harmon ics  (µP4)  

5. 6.5.2 .4. 1  Consideration  of µP4  

For the  source  of the  magnetic d is turbance from  mon i tors  and  p lasma TVs,  the  i ssue  wi l l  
appear for the  fundamental  frequency and  the  harmon ics.  Assum ing  the  fundamental  
em ission  from  the  d isturbance source  i s  at 250  kHz and  i ts  harmon ics  wi l l  occupy 

approximatel y in  the  ratio  of 5 : 1 .  Based  upon  a  variation  of ±25  kHz,  g i ving  a  value  of 50  kHz 
(7  dB).  

For the  source  of the  magnetic  d isturbance  from  induction  cooking  equ ipment,  the  issue  wi l l  
appear from  the  fundamental  frequency and  the  harmon ics.  Assum ing  the  fundamental  
em ission  from  the  d isturbance source  i s  at  50  kHz and  i ts  harmon ics  wi l l  occupy 

approximatel y i n  the  ratio  of 2 : 1 .  Based  upon  a  variation  of ±1 2 ,5  kHz,  g i ving  a  value  of 
25  kHz (3  dB).  

NOTE  1  The  val ues  be low were  deri ved  from  1 0  l og  (1 /5)  =  –7  dB  and  1 0  l og  (1 /2 )  =  –3  dB  hence  the  mean  
val ues  5  dB  and  the  range  of 2  dB.  

NOTE  2  Other sou rces  of d i stu rbance  may be  from  e lectri cal  car charg i ng  stati ons,  phone  charg i ng  systems  and  
these  are  estimated  to  g i ve  s im i l ar val ues.  

We have  assumed  no  frequency dependency re levan t to  the  l im i ts .  

A typical  response of a  source  of magnetic  fi el d  d i sturbance  i s  present i n  F i gure  9 .  
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Figure 9  – typical  source of magnetic field  d isturbance  

5.6.5.2 .4.2  Estimation  for the  possible  range of µP4  

µP4  =  5  dB,  Range σP4  =  2  dB  

5.6.5.2 .5  Marg in  that  the  relevant harmonics  are  below the l imit  value (µP5)  

5. 6.5.2 .5. 1  Consideration  of µP5  

This  va lue  has  been  covered  i n  µP4 .  

5.6.5.2 .5.2  Estimation  for the  possible  range of µP5  

This  va lue  has  been  covered  i n  µP4 .  

5.6.5.2 .6  Expected  mean  value  that the  type  of d isturbance  signal  generated  wi l l  

produce  a  s ign i ficant  effect in  the  receiving  system  (µP6)  

5.6.5.2 .6. 1  Consideration  of µP6  

I n  the  frequency range  below 30  MHz,  s ince  the  bandwid th  of the  unwanted  s i gnal  and  

bandwid th  of the  receiver are  of s im i l ar va lues,  µP6  shou ld  be  set to  0  dB.  

For the  example  of p l asma TVs  and  i nduction  cookers  i n  the  frequency range  be low 30  MHz,  
typica l l y s ince  the  bandwid th  of the  d isturbance source  is  greater than  the  bandwid th  of the  

receiver,  µP6  shou ld  be  set  to  0  dB.  

NOTE  AC mains  cable  i s  not  an  i ssue  of i n terference  to  rad io  receivers  at  the  frequency below 30  MHz because  
th i s  aspect i s  a l ready covered  by the  conducted  em iss ion  requ i rement d efi ned  i n  the  standard .  
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5.6.5.2 .6.2  Estimation  for the  possible  range of µP6  

µP6  =  0  dB,  Range σP6  =  0  dB  

5.6.5.2 .7  Expected  mean  value  that the  operation  of the  d isturbance  source is  
coincident  wi th  the  receiving  system  operation  of the  d isturbance  source  

(µP7)  

5.6.5.2 .7 . 1  Consideration  of µP7  

I n  the  case  that a  receiver i s  operated  for 24  hours,  from  the  typical  sources  i n  24  hours  per 
day,  p l asma TV i s  8  hours,  PV I nverter 8  hours  and  i nduction  cookers  2  hours  operated .  

NOTE  The  estimated  val ues  g i ven  i n  5 . 6 . 6 . 2 . 7. 2  were  deri ved  by 1 0  l og  (time  of operation  (hours)  /24).  

5.6.5.2 .7.2  Estimation  for the  possible  range of µP7  

µP7  =  6 , 5  dB,  Range  σP7  =  3 , 5  dB  

5.6.5.2 .8  The d isturbance source  i s  located  in  a  d istance  to  the  receiving  system  

with in  which  in terference  i s  l i kely to  occur (µP8)  

5.6.5.2 .8. 1  Consideration  of µP8  

The l im i t  of the  d isturbance is  speci fi ed  for the  test s i te  wi th  a  normative  fixed  measurement 
d istance  d.  I n  practice,  the  actual  d istance  r between  the  d isturbance source  and  the  victim  is  

usual l y qu i te  d i fferent when  the  victim  is  used  as  i n tended .  

The  normative  measurement d istance  d i s  3  m .  The  ratio  of the  two d istances  r and  d  

determ ines  the  add i tional  attenuation .  

The  estimated  va lue  µP8  u sual l y increases  the  perm issib le  l im i t  and  has  to  be  added  on  the  

ri gh t hand  s i de  of Equation  (37) .  

5.6.5.2 .8.2  Estimation  for the  possible  range of µP8  

The va lue  of µP8  i s  ca lcu lated  by:  

 µP8  =  x  ×  20  l og  (r / d)  (41 )  

where  

r i s  the  actual  d is tance  between  source  and  victim ;  

d  i s  the  measurement d istance;  

x  i s  the  wave propagation  coefficien t,  typica l  value  to  be  determ ined  based  upon  Annex 
B.   

The  estimated  d istance  has  to  take  in to  account the  average  d istance  for the  i n tended  use  of 
the  rad io  equ ipment.  I nserti ng  practical  d is tances  i n to  Equation  (41 )  wi l l  provide  the  poss ib le  

range  of µP8 .  
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5.6.5.2 .9  The value  of rad iation  at the  edge of service area  for the  protected  service 

(µP9)  

5.6.5.2 .9 . 1  Consideration  of µP9  

Due to  propagation  complexi ti es  re lated  to  the  transm iss ion  properties  re lating  to  th is  
frequency range  ( i nclud ing  solar storms,  variation  of the  reflecting  cond i tion  at  the  i onosphere  
and  the  time of day)  i t  i s  d i fficu l t to  defi ne  actual  coverage areas  of the  rad io  service.   There  
wi l l  s ti l l  be  areas  were  the  service  wi l l  have  sufficien t s ignals  and  other areas  where  there  wi l l  
be  i nsufficien t.  Hence a  bas ic approximation  cou ld  be  based  upon  a  s imple  ci rcu larl y 
response and  the  ratio  between  the  two  d i fferen t coverage areas.  

5.6.5.2 .9 .2  Estimation  for the  possible  range of µP9  

µP9  =  3  dB,  Range σP9  =  3  dB  

5.6.5.2 . 1 0  The expected  mean  value that bu i ld ings  provide  attenuation  of the  bu i ld ing  

(µP1 0)  

5.6.5.2 .1 0.1  Consideration  of µP1 0  

I n  th is  frequency range  the  worst case  attenuation  of bu i l d ings  wi l l  be  0  dB.  

NOTE  Depend ing  on  the  s i tuation ,  bu i l d i ng  attenuati on  can  be  taken  i n to  account.  Any a ttenuati on  may impact 
both  the  reception  of the  rad io  service  and  the  amount  of i n terference  source  observed .  Hence  th i s  may need  to  be  
taken  i n to  account  wi th  the  performance  of the  recei ving  an tenna.  

5.6.5.2 . 1 0.2  Estimation  for the  possible  range  of µP1 0  

µP1 0  =  0  dB,  Range σP1 0  =  0  dB  

5.6.6   Model  for l im its  for the  magnetic component  of the  d isturbance fi eld   strength  
 for the  protection  of radio  reception  in  the  range below 30  MHz 

5.6.6.1  General  

Recentl y,  new electric or el ectron ic devices  having  un in tentional  em issions  below 30  MHz 
were  i n troduced  i n  the  market.  As  the  classica l  examples  of these  devices,  there  are  p lasma 
TV sets,  power l ine  communications  devices,  wireless  power transfer,  i nduction  cooking  
devices,  and  so  on .  As  the  devices  have  been  us ing  i ncreas ing l y,  i t  i s  requ i red  to  establ ish  an  
appropriate  model  for deriving  rad iation  l im i ts  in  order to  protect existi ng  rad io  services  at  
frequencies  below 30  MHz.  

Th is  document con tains  statistics  of compla in ts  and  mathematica l  models  for the  calcu lation  
of e l ectric fie ld  l im i ts  re lated  to  the  protection  of rad io  services  wi thout the  consideration  of 
magnetic rad iation  wi th in  the  near fi e l d  reg ion .  Hence,  development of other anal ytical  models  
i s  requ i red  for the  derivation  of rad iation  l im i ts  on  the  devices  having  magnetic  d i stu rbances .  

NOTE  Other organ isations  a l so  worki ng  wi th i n  the  area  i ncl ud ing  CEPT and  I TU -R.  

5.6.6.2  Model  for magnetic  fi eld  l im its  below 30  MHz 

This  model  i s  establ ished  for calcu lation  magnetic fi el d  l im i ts  requ i red  for the  protection  of 
rad io  services  against i n terference from  various  types  of magnetic fi e ld  sources  us ing  below 
30  MHz.  Th is  method  for calcu lation  of magnetic  fiel d  l im i ts  for protection  of rad io  services  
below 30  MHz is  depicted  i n  F igure  1 0 .  
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of the  measuri ng  equ i pment  

Figure 1 0  – Model  for magnetic  field  l im it  at  measuring  equ ipment  

The  perm issib le  i n terference e lectric or magnetic fiel d  (Eir  or Hir)  of victim  receiver can  be  

derived  from  a  method  cons idering  noise  level  or a  method  cons idering  s i gnal  to  d isturbance 
ratio  (RP) .   

The  method  cons idering  noise  l evel  i s  as  fol l ows:  

Enoise  (dBμV/m)  of a  victim  service  is  corrected  for the  bandwid th  of the  victim  receiver:  

 Enoise  =  Enoise, b  +  1 0  l og  (bvictim  /  bnoise)  (42)  

where  

bnoise  i s  the  measuring  bandwid th  of noise  (kHz) ;  

bvictim  i s  the  bandwid th  of victim  (kHz) ;  

Enoise, b  i s  the  e lectric  fie ld  strength  of noise  from  Recommendation  I TU -R P.372  (dBμV/m) .  

NOTE  E
noi se , b

 i s  defi ned  by an  I TU-R document  as  the  background  Gaussian  noi se  l evel  (exclud ing  impu l se  and  

burst  noi ses),  assum ing  the  reception  wi th  a  l oss-l ess  omn i -d i recti onal  an tenna  and  an  i deal  recei ver.  I n  the  case  
that  the  an tenna  and  feeder l osses  or recei ver noi se  cannot  be  neg l i g ib l e,  reference  noi se  l eve l  shou ld  be  defi ned  
by the  system  noise  l evel .  
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I n  case  of broadband  i n terference,  the  bandwid th  ratio  BWR  (dB)  shou ld  be  incl uded  to  
ca lcu late  the  perm iss ib le  i n terference  e lectric  fi e ld  Ei r  (dBμV/m):   

 Ei r  =  Enoise  +  BWR (43)  

The  bandwid th  ratio  i s  defined :  

 BWR  =  1 0  l og  (bmeasuri ng  –  bvictim )  (44)  

where  

bmeasuri ng   i s  measuring  bandwid th  of i n terferer (kHz).  

When  the  bandwid th  of the  i n terfering  s ignal  i s  not wider than  the  victim  receiver bandwid th ,  
BWR  =  0  dB  shou ld  be  assumed.  

The  method  cons idering  RP  i s  as  fo l lows.  

I n  the  case  where  the  m in imum  received  fie ld  strength  Emin  (dBμV/m)  and  the  RP  (dB)  of the  

victim  receiver are  known ,  the  perm issib le  in terference  e lectric  fi e ld  i s  ca lcu lated :   

 Ei r  =  Emin  –  RP  +  BWR  (45)  

From  the  perm iss ible  in terference  e lectric fi e l d ,  the  perm issible  i n terference magnetic fi e ld  Hir 

(dBμA/m)  can  be  obtained :  

 Hi r  =  Ei r  – 51 , 5  (46)  

And  then ,  the  effecti ve  rad iated  power ERP of i n terference source  at d is tance  r from  victim  
receiver can  be  determ ined  by propagation  attenuation  l oss  between  in terference  source  and  
victim  receiver.  Propagation  attenuation  loss  exponen t i s  normal l y i n  the  range  of 2  to  4  
(where  2  i s  for propagation  i n  free  space,  4  is  for re lativel y l ossy envi ronments) .  I n  some 
envi ronments ,  such  as  bu i l d ings,  stad iums and  other i ndoor envi ronments,  the  propagation  
attenuation  l oss  exponen t can  reach  values  in  the  range  of 4  to  6 .  

The  magnetic d ipole  moment m  (Am2)  can  be  ca lcu lated  from  the  effecti ve  rad iated  power of 
i n terference  source  at  d is tance  r from  victim  receiver,  Pi s , ERP  (kW)  level .  

  (47)  

where  

λ   i s  the  wavelength .  

F i nal l y,  the  magnetic fie l d  l im i ts  Hl im i t  (A/m)  for i n terference  source  at  measuring  d istance  d ,  

i . e .  at the  posi tion  of the  antenna  of the  measuring  equ ipment can  be  calcu lated .  The  
rad iation  d i rection  from  in terference source  is  d i vided  i n to  coaxia l  and  coplanar d i rections.  
The  magnetic fie l ds  for these  d i rections  are  compu ted  by 
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 (48)  
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where  

λr  i s  the  rad ian  wavelength  and  i s  equal  to  λ /2π.  

Then ,  Hl im i t  i s  chosen  to  the  maximum  value  of Hcoaxial  and  Hcoplanar  i n  the  view poin t of worst 

case  as  fo l lows:  

 Hl im i t  =  max (Hcoaxi al ,  Hcoplanar)   (50)  

5.7  Rational  for determination  of C ISPR l im i ts  i n  the  frequency range above 1  GHz 

NOTE  References  found  i n  th i s  subclause  are  l i s ted  i n  ther B ib l i og raphy.  

5.7. 1  In troduction  

I n  5. 6,  another su i table  method  for estimation  of em ission  l im i ts  for a  g i ven  type  of equ ipment 
i s  described .  The  same  or s im i l ar approach  can  be  used  for the  frequency range  above 
1  GHz.  For rad iation  coupl i ng ,  dependence of the  perm issib le  d is turbance fie l d  streng th  from  

the  wanted  s ignal  µw,  the  s ignal -to-d isturbance  ratio  Rp ,  and  other i n fl uence  factors  can  be  

estimated  based  on  Equations  (21 )  and  (22)  found  i n  5. 5.  

Seven  probabi l i ty or i n fl uence factors  P1  to  P7  have  to  be  considered .  These  i n fl uence factors  

take  i n to  account e. g .  the  an tenna  gain ,  the  attenuation  of the  d isturbance  fie ld  strength  as  i n  
Equation  (21 ),  and  other cond i ti ons.  However,  for better a l i gnment wi th  term inology used  for 

statistics  the  seven  i n fl uence factors  P1  to  P7  are  further treated  i n  the ir mean  values  as  µP1  
to  µP7 .  I t  shal l  be  noted  that the  values  for µP1  to  µP7  can  be  used  i n  l ogari thm ic terms  ( i . e.  i n  

dB)  on l y.  

Taking  i n to  account  Equation  (22)  we  can  wri te  

 ELim i t=  µ i  +  tβσi  

wi th  tβ  =  0 , 84,  and  the  l im i t  becomes:  

 ELim i t  =  µw  –  Rp  +  µP1  +  µP2  +  µP3  +  µP4  +  µP5  +  µP6  +  µP7  

 +  tβσi  – tα(σP1
2+  σP2

2  +  σP3
2+  σP4

2+  σP5
2  +  σP6

2  +  σP7
2)1 /2  (36)  

where:  

ELim i t  i s  the  mean  value  of the  perm iss ib le  d isturbance fi e l d  streng th  at a  speci fi ed  

d istance  d  from  the  d isturbance  source;  

µw  i s  the  m in imum  va lue  of the  wanted  fi el d  strength  at the  edge  of the  service  area  of the  

rad io  service  concerned ;  

Rp  i s  the  m in imum  acceptable  value  of the  s ignal -to-d isturbance ratio  ( i . e .  the  protection  

ratio)  at the  receiver's  an tenna  port or feed ing  poin t;  

µP1  i s  the  expected  mean  va lue  that the  major l obe  of the  d isturbance fie l d  s treng th  is  not  

i n  the  d i rection  of the  victim  receiver;  
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µP2  i s  the  expected  mean  value  that the  d i rectional  receiving  an tenna  does  not have  i ts  

maximum  pick-up  i n  d i rection  of the  d isturbance source;  

µP3  i s  the  expected  mean  value  that for a  mobi l e  receiver the  s i gnal  to  noise  ratio  can  be  

improved  by keeping  a  certa in  d istance  to  the  d isturbance source  and  that  the  mobi l e  
receiver is  used  wel l  i ns ide  the  respective  rad io  service  area;  

µP4  i s  the  expected  mean  marg in  that the  d is turbance  s i gnal  i s  below the  l im i t;  

µP5  i s  the  expected  mean  value  that the  type  of d isturbance s i gnal  generated  wi l l  produce  

a  s i gn i ficant  effect i n  the  receiving  system ;  

µP6  i s  the  expected  mean  va lue  that the  d isturbance source  is  l ocated  in  a  d istance  to  the  

receiving  system  wi th in  wh ich  in terference i s  l ikel y to  occur;  

µP7  i s  the  expected  mean  va lue  that bu i l d ings  provide  a  certa in  degree  of add i tiona l  

attenuation .  

Due to  l ack of sufficient statistical  data,  Equation  (36)  i s  on l y anal ysed  in  terms  of the  mean  
values  of the  i n fl uence factors  wh i le  neg lecting  the  va lues  for the  standard  deviation .  

Equation  (36)  i s  va l id  for mean  va lues  of i n fl uence  factors  (g iven  in  dB)  assum ing  a  l og -
normal  d istribu tion  of thei r figures.  Notice  that the  l atter may not be  fu l fi l l ed  for each  factor i n  
each  i nd ividual  case.  By i nserting  appropriate  practical  figures,  Equation  (36)  can  be  used  to  
estimate  a  l im i t  ELim i t  for the  perm issib le  d is turbance fie l d  s trength .  

For an  estimation  of l im i ts  re lated  to  the  power of rad iated  d isturbances ,  e. g .  as  needed  for 
em ission  measurements  i n  reverberation  chambers,  PLim i t  can  be  derived  from  ELim i t  (see  

Equation  (36))  us ing  the  fol l owing  equation :  

 ELim i t  [dB(µV/m)]  =  1 04, 8  dB  +  Pl im i t  [dB(mW)]  +  GS  [dB]  – 20  l g  (d/dRef)  [dB) ]  (36a)  

I f d i s  the  measuring  d is tance  (e. g .  3  m ),  and  GS  i s  the  gain  of the  d istu rbance  source,  wh ich  

can  be  replaced  by µP1 ,  then  

 Pl im i t  [dB(mW)]  =  ELim i t  [dB(µV/m)]  – 1 04, 8  dB  – µP1  [dB]  +  20  l g  (d/dRef)  [dB)]  

and  wi th  d  =  3  m  ( i . e.  20  l g  (d/dRef)  =  9 , 5  dB)  we  get 

 Pl im i t  [dB(mW)]  =  ELim i t  [dB(µV/m)]  – 95,3  dB  – µP1  [dB]  (36b)  

5.7.2  Consideration  and  estimated  values  of µP1  to  µP7  

5. 7.2 .1  Rad iation  pattern  of the  d isturbance source  (µP1 )  

5. 7.2 .1 . 1  Consideration  of µP1  

Sources  generating  rad iated  d isturbances  in  the  frequency range  above 1  GHz usual l y show 
d i rectional  rad iation  pattern  wh ich  have  one  or more  main  l obes  and  a lso  s ign i ficant notches.  

The  in fluence factor describes  the  marg in  of an  averaged  pattern  fi gure  of the  EUT to  the  
d isturbance l evel  measured  at  maximum  beam  d i rection .  

Factor µP1  i ncreases  the  perm issib le  l im i t and  has  to  be  added  on  the  righ t hand  s i de  of 

Equation  (36b).  
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5.7.2 .1 .2  Estimation  for the  possible  range of µP1  

I n  [4]  an  an tenna  ga in  of abou t 6  dB  i s  estimated  for l arge  EUTs,  i n  the  frequency range  
above 1  GHz.  Th is  cou ld  be  i n terpreted  such  that on  average,  the  d isturbance fi e ld  s trength  
may be  6  dB  be low the  maximum  value  measured  on  the  test s i te.  

I n  [5]  i t  i s  estimated  further that,  for the  frequency range  above  1  GHz,  measurement resu l ts  
obtained  at the  test s i te ,  on  average  wi l l  be  about 6  dB  below the  maximum  rad iation  of the  
d isturbance sources.  Th is  means  that the  resu l ts  obta ined  from  test s i te  measurements  are,  
on  average,  s ign i ficantl y below the  l im i t,  owing  to  the  rad iation  pattern .  Reference [4]  a lso  
g i ves  evidence that for large  i ncrements  of rotation  the  read ings  are  on  average  8 , 6  dB  be low 
the  maximum,  wh i l e  wi th  smal ler i ncrements  the  read ings  wi l l  be  on  average  3  dB  below the  
maximum  em ission .  

Rad iation  pattern  of real  EUTs  are  presented  i n  [8 ] .  These  measurement resu l ts  show that,  i n  
the  frequency range  1  GHz to  3  GHz,  the  average  rad iation  pattern  i s  regu larl y about 3  dB  to  
6  dB  below maximum  rad iation  found  at  another nearby rotation  pos i ti on .  I t  can  a lso  be  seen  
that,  at  h i gher frequencies,  the  rad iation  pattern  may branch  more  and  more  i n  each  d i rection  
and  that s i ng le  beams  wi th  smal l  beam  wid ths  appear.  

Considering  the  facts  i n  [4 ] ,  [5] ,  and  [8]  i t  i s  assumed  that,  on  average,  the  d isturbances  are  
3  to  8  dB  be low the  maximum ,  mean ing  that:  

 µP1  ranges  from    3  dB  to  8  dB.  

5.7.2 .2  Antenna gain  of the  victim  to  the  d isturbance source (  µP2)  

5.7.2 .2 .1  Consideration  of µP2  

Rad iated  d istu rbances  and  wanted  RF  s i gnals  wi l l  usual l y reach  the  receiver's  an tenna  from  
d i fferent d i rections.  The  ga in  Gw  of the  receiving  an tenna  i s  avai l ab le  in  d i rection  of the  

wanted  RF  fie ld  strength .  The  d isturbance fi e ld  strength  can  be  expected  from  a  d i fferen t 

d i rection ,  wi th  the  ga in  G i .  Therefore  µP2  represents  the  mean  value  of the  d i fference of both  

ga ins.  Th is  d i fference g ives  the  avai l able  gain  Gav  for the  improvement of the  actual  s i gnal  to  

d isturbance ratio  R:  

 Gav  =  µP2  =  Gw  – G i  (37)  

The  estimated  value  µP2  i ncreases  the  perm issib le  l im i t  and  has  to  be  added  on  the  ri gh t 

hand  s i de  of Equation  (36).  

5.7.2 .2 .2  Estimation  for the  possible  range of µP2  

The an tenna  gain  Gw  of the  rad io  receiver i n  d i rection  of the  wanted  RF  fi e ld  strength  

depends  on  the  rad io  service  and  can  assume values  between  0  dB  (for mobi l e  rad io  
services,  such  as  GSM,  DCS,  or UMTS)  and  80  dB  (for certa in  fixed  rad io  services) .  I n  the  
frequency management,  a  va lue  of G i  =  6  dB  i s  used  for the  gain  i n  other d i rections  i f the  gain  

i n  the  main  lobe  of the  receiver an tenna  i s  g reater than  6  dB.  
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I n  respect  of EMC the  fol l owing  range  shou ld  be  used :  
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5.7.2 .3  Mobi le  receiver (  µP3)  

5.7.2 .3.1  Consideration  of µP3  

This  factor takes  i n to  account that a  mobi le  receiver can  a lways  be  moved  away from  the  
d isturbance  source  and  that the  receiver wi l l  be  provided ,  i ns ide  the  rad io  service  area,  wi th  a  
wanted  RF  fie ld  strength  wh ich  i s  stronger than  the  m in imum  wanted  RF  fi el d  strength  at the  
edge  of the  service  area.  

The  estimated  value  µP3  i ncreases  the  perm issib le  l im i t  and  has  to  be  added  on  the  ri gh t 

hand  s i de  of Equation  (36).  

5.7.2 .3.2  Estimation  for the  possible  range of µP3  

From  a  frequency management poin t of view,  for mobi l e  rad io  services  and  particu larl y for 
base  stations  there  i s  a  need  for more  RF  channels  i f rad iated  d isturbances  i ncrease  wi th in  
the  wanted  rad io  frequency (RF)  band ,  in  a  g i ven  area and  environment.  Th is  i s  the  reason  

why the  frequency management can  on l y propose a  factor of 0  dB,  for µP3 .  From  

representati ves  of other branches  of i ndustry i t  i s  requ i red  that the  worst case  can  not be  
used  for the  estimation  of d isturbance l im i ts .  From  the  l atter perspective,  i t  wou ld  be  possib le  

to  to lerate  values  for factor µP3  i n  the  range  of 6  dB.   

Furthermore,  the  mobi le  receiver i s  used  rather seldom  at the  edge  of the  service  area,  i n  
particu lar i f a  ce l l u lar rad io  service  is  considered .  Therefore  the  wanted  RF  fie ld  s trength  used  
for calcu lation  of the  perm issib le  d isturbance fi e ld  strength  shou ld  be,  on  average,  h igher than  
the  m in imum  wanted  RF  fie l d  s trength  requ ired  at  the  edge  of the  service  area.  

Cons idering  the  phys ical  laws,  the  wanted  RF  fie l d  strength  decreases  l i nearl y wi th  d istance  
wh i l e  the  service  area  i ncreases  wi th  the  square  of th is  d istance.  For cons ideration  of the  
mobi l i ty of the  receiver,  the  wanted  RF  fi e ld  strength  at  the  edge  of ha l f of the  service  area  is  
used .  

The  service  area  depends  on  the  d istance  by square  root of the  d istance.  The  fi el d  s trength  
depends  on  the  d istance  l inearl y.  Th is  means:  
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Under th is  cond i ti on  the  wanted  RF  fi el d  strength  Ew  used  for calcu lation  can  be  increased  by 

3  dB,  compared  to  the  m in imum  wanted  RF  fie l d  strength  requ i red  at the  edge  of the  service  
area.  I nstead  of us ing  an  i ncreased-by-3-dB  wanted  RF  fi e l d  streng th  for the  ca lcu lation  of the  
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respective  d isturbance  l im i t  one  can  a lso  conti nue  to  use  the  m in imum  wanted  RF  fie ld  

strength  requ i red  at  the  edge  of the  service  area  and  add  the  3  dB  to  the  i n fl uence factor µP3 .  

The  poss ib i l i ti es  for mobi le  rad io  receivers  to  be  used  wel l  i ns ide  a  g iven  service  area  and  to  
extend  the  d istance  to  the  d istu rbance source  by being  moved  away from  that source  shou ld  

be  taken  in to  account by setting  the  range  for the  mean  value  µP3  of the  i n fl uence factor from  

0  dB  up  to  9  dB:  

 µP3  ranges  from    0  dB  to  9  dB.  

5.7.2 .4  Emission  l evel  of the  d isturbance  source  i s  below the l imi t  (  µP4)  

5.7.2 .4.1  Consideration  of µP4  

Usual l y,  d isturbances  from  a  certain  source  do  not j ust meet the  l im i ts ,  bu t have  a  certa in  

marg in  to  them .  Factor µP4  coun ts  for the  estimated  average  of the  m in imum  marg in  of the  

d isturbance to  the  l im i t.  

The  estimated  value  µP4  i ncreases  the  perm issib le  l im i t  and  has  to  be  added  on  the  ri gh t  

hand  s i de  of Equation  (36).  

5.7.2 .4.2  Estimation  for the  possible  range of µP4  

An  EUT conforms wi th  the  l im i t  when  the  maximum  d isturbance em iss ion  is  below (or equal  
to)  the  l im i t.  Th is  a lso  means  that the  d i fference  between  the  l im i t  and  the  d is turbance i s  
greater than  (or equal  to)  zero.  

Contribu tion  [7]  conta ins  an  estimation  of the  marg in  to  the  l im i t  for 49  samples  of class  A and  
class  B  I T  equ ipment.  The  average  marg in  to  the  FCC l im i t for a l l  49  products  i s  abou t 1 2  dB.  

The  273  measurement values  of the  marg in  to  the  l im i t reported  i n  [7]  are  d istributed  over a  
range  from  -2, 6  dB  to  +31 , 9  dB.  

As  a  resu l t  of th is  i nvesti gation  i t  can  be  assumed  that µP4  i s  usual l y i n  the  range  of:  

 µP4  ranges  from  0  dB  to  24  dB.  

5. 7.2 .5  In terference  depending  on  the  bandwidth  of the  rad io  service  (  µP5)  

5. 7.2 .5. 1  Consideration  of µP5  

For conti nuous  broadband  d isturbances,  the  i n terference potentia l  to  a  receiving  system  
depends  on  the  wanted  RF  s ignal  bandwid th  of the  victim  receiver.  The  h igher the  wanted  RF  
s i gnal  bandwid th  Bwant  o f the  victim  receiver or i ts  respective  rad io  service  i s ,  the  h i gher the  

i n terference poten tia l  wou ld  be,  compared  to  the  RF  bandwid th  Bmeas  of the  measurement 

receiver.  That a lso  means  that  the  i n terference potential  i s  l ower i f the  RF  bandwid th  of the  
rad io  service  i s  smal ler than  that of the  measurement receiver.  Even tual l y,  the  i n terference 
poten tia l  of a  source  of broadband  d isturbances  a lso  depends  on  the  ratio  of the  bandwid th  
Bnoise  of the  broadband  d isturbance  to  the  bandwid th  of the  wanted  rad io  s i gnals  Bwant  

actual l y cons idered .  

I n  practice,  three  cases  may occur that  requ i re  adequate  cons ideration .  
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Case  a)    Bwant  <  Bnoise  <  Bmeas  

I n  th is  case,  ca lcu lation  of µP5  shal l  de l i ver negative  dB  va lues,  s i nce  not  on l y one  receiving  

channel  may be  i n terfered  wi th ,  bu t several  ones.   

I n  view of th is ,  the  perm issible  broadband  d isturbance can  be  described  by Equation  (40a)  as  
ratio  of the  bandwid th  for the  cons idered  ind ividual  rad io  service  to  the  bandwid th  of the  
broadband  d isturbance:  

 
noise

want
mp

B

B
EE =  (40a)  

where:  

Em  i s  measured  d isturbance fie ld  s trength ;  

Ep  i s  perm issib le  d is turbance fie l d  strength  for the  considered  rad io  service;  

Bnoise  i s  bandwid th  of the  broadband  d isturbance;  

Bwant  i s  bandwid th  of the  cons idered  rad io  service  for the  wanted  s i gnal .  

For estimation  of the  decrease  requ i red  for the  perm iss ible  d isturbance fie l d  strength ,  the  

value  of µP5  can  be  calcu lated  by Equation  (41 a) :  

 







⋅=

noise

want
1 0P5 log1 0

B

B
µ  (41 a)  

Case  b)    Bmeas  <  Bnoise  <  Bwant  

I n  th is  case,  ca lcu lation  of µP5  can  del i ver posi ti ve  dB  values,  s i nce  the  d isturbance  may not 

occupy the  whole  receiving  channel  of the  victim  receiver concerned .  

I n  view of th is ,  the  perm issible  broadband  d isturbance  can  be  described  by Equation  (40b)  as  
ratio  of the  bandwid th  of the  broadband  d isturbance to  the  bandwid th  of the  measuring  
receiver:  

 
meas

noise
mp

B

B
EE =  (40b)  

where:  

Em  i s  measured  d isturbance fie ld  s trength ;  

Ep  i s  perm issib le  d is turbance fie ld  s trength  for the  cons idered  rad io  service;  

Bnoise  i s  bandwid th  of the  broadband  d isturbance;  

Bmeas  i s  bandwid th  of the  measurement receiver.  

For estimation  of a  re laxation  poss ible  for the  perm issib le  d is turbance  fie ld  strength ,  the  value  

of µP5  can  be  ca lcu lated  by Equation  (41 b):  

 







⋅=

meas

noise
1 0P5 log1 0

B

B
µ  (41 b)  
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Case  c)    Bnoise  >  Bmeas  and  Bwant,  respectivel y 

I n  th is  case  of true  broadband  d istu rbance,  ca lcu lation  of µP5  can  del i ver posi ti ve  as  wel l  as  

negative  dB  va lues,  s ince  the  assessment resu l t on l y depends  on  the  ratio  of the  wanted  RF  
s i gnal  bandwid th  to  the  measurement bandwid th .  

I n  view of th is ,  the  perm issible  broadband  d isturbance can  be  described  by Equation  (40c)  as  
ratio  of the  bandwid th  of the  cons idered  i nd ividual  rad io  service  to  the  measurement 
bandwid th :  

 
meas

want
mp

B

B
EE =  (40c)  

where:  

Em  i s  measured  d isturbance fie ld  s trength ;  

Ep  i s  perm issib le  d is turbance fie ld  s trength  for the  cons idered  rad io  service;  

Bmeas  i s  bandwid th  of the  measuring  receiver;  

Bwant  i s  bandwid th  of the  cons idered  rad io  service  for the  wanted  s i gnal .  

For estimation  of an  i ncrease  or decrease  a l l owed  for the  perm issib le  d isturbance fie l d  

strength ,  the  value  µP5  can  be  ca lcu lated  by Equation  (41 c):  

 







⋅=

meas

want
1 0P5 log1 0

B

B
µ  (41 c)  

The  estimated  value  of µP5  for broadband  services  has  to  be  added  on  the  right hand  s i de  of 

Equation  (36).  

5.7.2 .5.2  Estimation  for the  possible  range of µP5  

The value  of µP5  can  be  calcu lated  by Equation  (41 )  and  is  determ ined  by the  bandwid th  of 

the  cons idered  rad io  service.  

5.7.2 .6  Ratio  of the  d istance between  source and  victim  to  the  measurement  

d istance (  µP6)  

5. 7.2 .6. 1  Consideration  of µP6  

The l im i t  of the  d is turbance  em ission  i s  speci fied  for the  test s i te  wi th  a  normative  fixed  
measurement d is tance  d.  I n  practice,  the  actual  d istance  r between  the  d isturbance source  

and  the  victim  is  usual l y qu i te  d i fferent when  the  victim  is  used  as  i n tended .   

The  normative  measurement d is tance  d i s  3  m .  The  ratio  of the  two d istances  r and  d  
determ ines  the  add i tional  attenuation .  

The  estimated  va lue  µP6  u sual l y increases  the  perm issib le  l im i t  and  has  to  be  added  on  the  

ri gh t hand  s ide  of Equation  (36) .  

5.7.2 .6.2  Estimation  for the  possible  range of µP6  

The va lue  of µP6  i s  ca lcu lated  by:  
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 



⋅⋅=
d

r
x 1 0P6 log20µ   (42)  

where  

r  =   actual  d is tance  between  source  and  victim ;  

d =   measurement d is tance;  

x  =  wave propagation  coeffi cien t,  wh ich  i s  1  i n  free-space  propagation  and  somewhat 
h igher (1  to  1 , 5)  for non-free-space  propagation .  

The  estimated  d istance  has  to  take  in to  account  the  average  d istance  for the  i n tended  use  of 
the  rad io  equ ipment.  I nserti ng  practical  d is tances  i n to  Equation  (42)  wi l l  provide  the  poss ib le  

range  of µP6 .  

NOTE  I n  specia l  areas,  where  use  of mobi l e  rad io  commun ication  equ ipment  i s  not  perm i tted ,  l arger d i s tances  r 
can  be  used  for cal cu lati on .  The  estimated  l im i t  i s  val i d  on l y for such  envi ronments.  

5.7.2 .7  Attenuation  of the  bu i ld ing  (  µP7)  

5.7.2 .7.1  Consideration  of µP7  

An  add i tional  attenuation  between  the  d isturbance source  and  the  victim  reduces  the  level  of 
d isturbance  and  depends  on  the  pos i ti on  of source  and  victim .  Two options  for calcu lati ng  the  
perm issible  d isturbance fi el d  s trength  are  cons idered :  option  a) ,  where  the  d isturbance source  
and  the  victim  are  ins ide  the  bu i l d ing  and  option  b),  where  one  i s  i ns ide  the  bu i l d ing  and  the  
other is  ou ts ide.  

The  estimated  value  µP7  i ncreases  the  perm issib le  l im i t  and  has  to  be  added  on  the  ri gh t  

hand  s i de  of Equation  (36).  

5.7.2 .7.2  Estimation  for the  possible  range of µP7  

For option  a)  i t  i s  assumed  that an  attenuation  va lue  i n  the  range  of 0  dB  to  6  dB  is  su i table .  
For option  b),  an  attenuation  value  i n  the  range  of 2  dB  to  20  dB  is  assumed .   

Depend ing  on  the  l ocation  of the  victim  and  d isturbance sou rce  i t  i s  proposed  that the  
fol l owing  be  used :  

 µP7  ranges  from  0  dB  to  20  dB.  

5. 7.3  Equ ivalent EMC envi ronment below and  above  1  GHz 

I n  5. 6. 4  i t  i s  a lso  mentioned  that ca lcu lation  of l im i ts  based  on  statis tics  can  not be  the  one  
and  on l y way of estimating  CISPR l im i ts.  Pos i ti ve  practical  experience  wi th  existing  l im i ts  i s  
a lso  a  powerfu l  argument.  For th is  reason ,  the  ratio  of l im i ts  at about 1  GHz as  borderl ine  
between  existing  l im i ts  and  new l im i ts  can  be  cons idered .  However,  as  rad io  services  above  
1  GHz are  main l y based  on  d i fferen t technolog ies  they can  be  regarded  more  robust 
compared  to  the  analogue  techn iques  wh ich  were  the  bas is  for l im i ts  below 1  GHz.  For the  
ca lcu lation  i t  i s  assumed  that rad io  services  and  appl ications  operati ng  at  frequencies  above  
or below 1  GHz are  to  be  protected  i n  the  same way.  

For such  a  comparison  the  same mobi le  rad io  service  i n  the  frequency range  above  1  GHz as  
i n  the  frequency range  below 1  GHz may be  used .  For th is  comparison  cons ideration  of the  
l im i ts  of GSM  (900  MHz)  and  DCS (1 800  MHz)  may be  usefu l ,  owing  to  the  fact that both  
rad io  services  have  comparable  functional  parameters.  
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Table  4  contains  the  re levan t data  of protected  wanted  RF  fi e l d  streng th ,  the  CISPR l im i t for 
measurements  wi th  a  quas i -peak (QP)  detector at  a  measurement d istance  of 1 0  m  under free  
fie l d  cond i ti ons,  and  the  procedure  for the  estimation  of an  equ ivalent l im i t at 1  800  MHz for 
the  d i fferent measurement procedure  under free-space wave  propagation  cond i tions,  wi th  a  
d i fferent  detector type  and  a  d i fferent measurement bandwid th .  

Factor x (dB)  takes  i n to  account  a  transposi ti on  of the  appropriate  l im i t from  CISPR 22  at  
about 900  MHz from  1 0  m  to  3  m  measurement d is tance  normal l y used  for d istu rbance  
measurements  i n  the  frequency range  above  1  GHz.  Th is  shal l  be  added  to  the  CISPR l im i t.  

Factor y (dB)  takes  i n to  account the  transfer from  free-fie ld  wave propagation  cond i tions  (as  
e. g .  at OATS)  to  free-space  wave propagation  cond i tions  as  normal l y defi ned  for d isturbance 
measurements  in  the  frequency range  above 1  GHz.  Th is  shal l  be  subtracted  from  the  CISPR 
l im i t.  

Even tual l y,  the  d i fference d between  the  estimated  l im i t and  the  wanted  RF  fie l d  strength  at  
900  MHz can  be  used  for estimation  of the  CISPR l im i t  at  1  750  MHz.  

Table  4  – Calcu lation  of permissible  l im its  for d isturbances  at  about 1  800  MHz  
from  existing  CISPR l im i ts  in  the  frequency range of 900  MHz 

 GSM  at about 900  MHz DCS  at abou t 1  800  MHz 

Protected  wanted  RF  fi e l d  strength   32  dB(µV/m)  42  dB(µV/m)  

Transfer l im i t  of 37  dB(µV/m)  at  1 0  m   
to  3  m  by add i ti on  of x dB  

(37+x)  dB(µV/m)  -  

Transfer OATS  to  free  space  cond i ti ons  
by subtraction  of y dB  

(37+x-y)  dB (µV/m)  -  

Transfer QP  to  AV detector a  (37+x-y)  dB (µV/m)  +  about  z  dB  -  

Transfer 1 20  kHz to  1  MHz measurement  
bandwid th  by add i ti on  of 9 , 2  dB  

(37+x-y +  z)  dB(µV/m)  +  abou t 9 , 2  dB  -  

D i fference  d  between  the  CI SPR l im i t  for 
perm issible  d i stu rbance  and  the  wanted  

RF  fi e l d  s trength  at  900  MHz 

d  =  [(37+x-y +  z)  dB  +  9 , 2  dB ]  -  32  dB  -  

Resu l ti ng  l im i t  for perm issib le  
d i sturbances  at  1 800  MHz 

-  (42  +  d)  dB  (μV/m)  

a  I n  case  of CW-type  d i sturbances  the  use  of an  average  detector does  not  requ i re  add i ti onal  corrections .  
However a  factor z  i s  provi ded  for appropriate  consideration  of non-conti nuous  d i stu rbances.  

  

5.7.4   Overview on  parameters  of radio  commun ication  services  operating  i n  the  
 frequency range  above  1  GHz and  up  to  1 6  GHz wi th  effect  to  e lectromagnetic  
 compatibi l i ty 

Table  5  con tains  a  l i s t of rad io  communication  services  operating  i n  the  frequency range  
above  1  GHz and  up  to  1 6  GHz.  I t  con tains  valuable  data  of rad io  parameters  wi th  re levance 
to  EMC.  The  data  set ou t i n  Table  5  can  be  used  to  ca lcu late  l im i ts  for perm issib le  
d isturbances  emanating  from  equ ipment,  systems or even  i nstal l ations,  i n  the  frequency 
range  above 1  GHz.  For such  calcu lations  and  estimations,  the  model  set ou t in  5. 7  shou ld  be  
used .  

The  readers  and  users  of the  present document are  i nvi ted  and  encouraged  to  accompl ish  the  
en tries  i n  Table  5  by thei r own  data  and  to  subm it  the ir find ings  to  Subcommittee  H  of CI SPR,  
wh ich  is  responsib le  for main tenance  of th is  CISPR Report.  
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Table  5  – List of radio  services,  typical  parameters,  and  i nfluence factors  
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Navigation  a i d  1  085  -  1  095  56  8  48  1 0  000  1 1                          

Rad ioamateur 1  240  -  1  300  -5  1 0  -1 5  3  6                          

Radar 1  250  -  1  260  31  20  1 1  500  35                          

T-DAB  1  452  -  1  462  43  28  1 5  1  540  0                          

  1  452  -  1  463  43  28  1 5  1  540  0                          

GPS  1  575. 42  5  -36  41  1  000  0                          

GSM  1 800  base  1  71 0  -  1  785  38  9  29  200  1 8                          

GSM  1 800  
mobi l e  

1  805  -  1  880  40, 5  9  31 , 5  200  0        

                  

  1  805  -  1  881  42  9  33  200  0                          

GSM  1  71 0  -  1  805  38  9  29  200  0                          

  1  71 0  -  1  806  38  9  29  200  0                          

DECT  1  880  -  1  900  59  1 0  49  1  700  0                          

UMTS  FDD  base  1  920  -  1  980  23  -6  29  5  000  1 8                          

UMTS  FDD  mobi l  2  1 1 0  -  2  270  26  -9  35  5  000  0                          

UMTS  TDD  1  900  -  2  025  25  -1 0  35  5  000  35                          

UMTS  extension  2  500  -  2  690  26  -9  35  5  000  0                          

Rad ioamateur 2  320  -  2  400  4 , 5  6  -1 , 5  3  6                          

BOS/ Broadcast 2  320  -  2  500  69  30  39  1 4  000  6                          

F i xed  serv.  PMP  2  540  -  2  670  43  26  1 7  1 4  000  6                          

Radar 2  700  -  2  900  37  1 0  27  1  000  33                          

Rad ioamateur 3  400  -  3  475  8  1 0  -2  3  1 2                          

F i xed  serv.  PMP  3  41 0  -  3  580  46  36  1 0  1 4  000  1 8                          

F i xed  serv.  PMP  3  800  -  4  200  49  36  1 3  29  000  45                          

HPERLAN/1  5  200  68  1 2  56, 3  23  500  0                          

WLAN  5  1 50  -  5  725  69  1 6  53  20  000  0                          

Rad ioamateur 5  650  -  5  850  1 2  1 0  2  3  1 2                          

Demo. rad io  5  725  -  5  875  38  1 0  28  200  0                          
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Table  5  (continued)  
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F i xed  service  6  425  -  7  1 25  56  36  20  40  000  50                          

F i xed  service  7  1 37  -  7  41 3  69  36  33  1 4  000  44                          

Narrowb,  fi xed  
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7  41 3  -  7  425  30  36  -6  1 00  44        

                  

F i xed  service  7  425  -  7  725  55  36  1 9  28  000  44                          

Demo. rad io  9  235  -  9  475  42  1 0  32  200  0                          
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Rad io  amateur 1 0  000  -  
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F i xed  service  1 2  750  -  
1 3  250  

60  36  24  28  000  49        
                  

F i xed  service   1 5  320  -  
1 5  350  

59  36  23  1 4  000  47        
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Annex A  
 

Excerpt from CISPR Report No.  31  
Values  of mains  decoupl ing  factor  
in  the  range 0,1  MHz to 200  MHz 

 

 (Th is  Report  provides  a  partia l  answer to  Study Question  No.  54/1  of 1 964  wh ich  remains  
under consideration . )  

(Stresa,  1 967)  

1 .  F i gure  1 ,  page  50,  shows med ian  values,  standard  deviations  and  m in imum  values  of 
mains  decoupl ing  factor,  defi ned  as  the  ratio  of vol tage  in j ected  i n to  the  mains  and  the  
resu l tan t vol tage  measured  at the  end  of a  term inated  aeria l  feeder.  The  values  i n d icated  
were  obtained  by various  au thors  (see  references  below)  under d i fferent cond i tions  of 
measurement.  They general l y apply to  an  asymmetrical  source  connected  in  a  random  
manner between  the  "phase"  and  "nu l l "  conductor of a  s ing le  phase  mains  suppl y s ystem  *   
and  to  wel l  screened  receivers .  I n  the  frequency range  up  to  30  MHz,  the  data  appl y 
main l y to  receiving  i nstal lations  wi th  indoor aeria ls  (exclud ing  ferri te  aeria ls);  above  th is  
frequency,  most of the  coupl ing  measurements  were  made  at i nsta l l ations  wi th  ou tdoor 
aeria ls.  

2 .  I n  F igure  2 ,  page  51 ,  an  attempt is  made to  syn thes ize  the  avai l able  data,  taking  as  far as  
poss ib le  accoun t of the  d i fferences  between  the  various  sources.  I t  i s  bel ieved  that the  
curves  shown  represent a  conservative  estimate  of the  decoupl i ng  factor to  be  expected  
between  sources  and  receivers  l ocated  i n  the  same or immed iatel y ad jo in ing  apartments  
of the  same bu i ld ing .  

3.  F i gure  3 ,  page  51 ,  shows  typica l  d is tribu tions  of measured  va lues  wh ich  may be  used  to  
determ ine  decoupl i ng  factors  for a  percen tage  of cases  other than  50%.  

References  

i )  S.  Wh i tehead :  A  tentative statistical study of domestic radio interference .  J ournal  I EE,  
p.  I I I . ,  vol .  90  -  1 943.  

i i )  V.  P.  Pevn icki ,  F .  E .  I l geki t:  Charakteristiki systemi podavlenia radiopomech .  
E lektricestvo  1 956,  N r.  6 .  

i i i )  V.  V.  Rod i ti ,  M .  S .  Garcenste in :  Priomnye antenny i industrialnye radiopomechi.  
Rad iotechn ika  1 956,  N r.  9 .  

i v)  Reports of the  Research Institute of Telecommunications (VUS)  -  Prague  N r.  339/1 961  
and  Nr.  1 968/66.  

v)  I n terim  Report VUS  1 965/1 966.  

vi )  Document C. I . S.P.R. (U .K. )376.  

vi i )  Documents  C. I . S.P.R. /WG6(U .K. /McLach lan)  6 , 7 .  

Secretarial Note.   The  C. I . S .P.R.  Secretari at  d oes  not  hol d  copies  of the  above  documents .  I f these  are  requ i red ,  
appl i cation  shou l d  be  made  to  the  Nati onal  Correspond ing  Member of the  Working  Group  concerned .  

————————— 
*  I n  the  Un i ted  Kingdom  measurements ,  the  asymmetrical  source  was  connected  between  the  earth  conductor and  
the  l i ne  and  neutral  conductors  connected  together i n  the  manner i nd icated  i n  F i gu re  4A,  page  52 .  
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I n  the  measurement of mains  decoupl i ng  factor,  the  fo l lowing  pri ncipal  requ i rements  must be  
observed :  

1 .  The  i n ternal  res istance,  the  symmetry to  ground  and  the  polari ty of connection  to  the  
mains  of the  s i gnal  source  used  for measurement shou ld  correspond  to  s im i lar parameters  
of actual  appl iances.  

2 .  The  output vol tage  of the  source  shou ld  be  measured  by the  methods  used  for checking  
compl iance  wi th  l im i ts .  

3 .  Throughou t the  whole  measurement,  actual  receiving  aeria ls  as  found  at  the  measured  
l ocations  shou ld  be  used .  

4 .  The  input impedance of the  measuring  receiver shou ld  approximate,  as  closel y as  
poss ib le,  to  the  va lue  of the  i npu t impedance  of normal  receivers.  

5.  The  s i tes  investigated  shou ld  correspond  qual i tativel y and  quanti tati ve l y to  the  l ocation  at  
wh ich  the  resu l ts  wi l l  be  used .  

The  statistica l  evaluation  i s  usual l y carried  ou t as  i f the  data  belonged  to  a  s ing le  statistical  
set of random  values.  U sing  th is  method ,  the  range  of d istances  up  to  wh ich  measurements  
are  carried  ou t becomes  very importan t because  the  average  value  and  spread  measured  at  a  
g i ven  s i te  depends  not on l y on  the  properties  of the  e lectrical  i nsta l lations  and  on  the  bu i ld ing  
attenuation ,  bu t a lso  to  a  great exten t on  the  area  around  the  source  covered  by 
measurements.  For example,  by i ncreas ing  th is  area,  i t  i s  possib le  to  obtain  a  l ower average  
and  h igher spread  of the  decoupl i ng  factor.  I t  i s  therefore  necessary to  l im i t  the  extent  of data  
used  for statis tica l  evaluation  to  decoupl ing  factors  for wh ich  i n terference m igh t sti l l  be  
expected  wi th  a  g i ven  term inal  vol tage  l im i t,  a  g i ven  protection  ratio,  and  a  g i ven  m in imum  
usable  sensi ti vi ty of receivers.  

The  decoupl ing  factor amax  beyond  wh ich  i n terference i s  no  longer l i ke l y to  occur and  wh ich  

ought consequen tl y to  be  excluded  from  the  evaluation ,  may be  ca lcu lated  from  the  fo l l owing  
equation :  

 L  – amax  =  s  –  p  

where  

amax  =   maximum  decoupl i ng  factor ( i n  decibels)  

L  =   term inal  vo l tage  l im i t  ( i n  decibels  over 1  µV)  

s  =   m in imum  usable  sens i ti vi ty of receivers  considered  ( i n  decibels  over 1  µV)  

p  =   protection  ratio  ( i n  decibels) .  
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Figure A. 1  – Mains  decoupl ing  coefficient  as  measured  by various  authors  
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Figure  A.2  – Med ian  and  m in imum  values  of mains  decoupl ing  factor 
for the  range 0, 1  MHz to  200  MHz 
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Figure A.3  – Typical  d istributions  of deviations  from  median  value  
of decoupl ing  factor as  ind icated  in  F igure  A.2  
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Figure  A – Measurement wi th  s ignal  generator 
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Figure  B  – Measurement using  actual  appl i ance  

 

Figure  A.4  – Measurement of the  mains  decoupl ing  factor 
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Annex B   
(informative)  

 
Conversion  of H -field  l imi ts  below 30  MHz for measurement d istances  

B.1  Background  

I n  order to  determ ine  the  H -fie ld  convers ion  factor wi th in  the  boundary of the  test environment 
con tain ing  the  g round  p lane,  a  commercia l  3D  fu l l  wave  s imu lation  tool  has  been  used  and  
the  calcu lation  thereof a long  wi th  measurement records  are  provided  i n  the  fo l lowing  
paragraphs.   

F i gu re  B. 1  i l l ustrates  a  designed  model  us ing  a  commercia l  tool .  The  d imension  of the  ground  
p lane  i s  30  m  x 40  m .  The  rad ius  of the  l oop  an tenna,  wh ich  i s  0 , 6  m  and  the  cen tre  of the  
an tenna  i s  1 , 3  m  above the  surface  of the  ground  p lane.  For the  measurement of fie ld ,  the  
probes  are  l ocated  a t 3  m  and  1 0  m ,  both  at coaxial  and  coplanar d i rection  (a:  coaxia l  at  3  m ,  
b:  coaxial  at  1 0  m ,  c:  coplanar at 3  m ,  d :  coplanar at  1 0  m ).  

 

Figure B. 1  – Commercial  tool  model  for H -field  conversion  
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F i gure  B. 2  depicts  another designed  model  us ing  a  commercia l  tool ,  and  the  ground  p lane  
has  been  removed  in  order to  apply image theory wi th  an  add i ti onal  vi rtual  l oop  an tenna  
pos i tioned  at 1 , 3  m  be low the  ground  p lane  that has  been  removed .  Th is  model  i s  in tended  to  
measure  coaxia l  and  coplanar d i rection  component from  the  same probe.  

 

Figure B.2  – Commercial  tool  model  for the  appl ication  of image  theory 
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F igure  B . 3  shows the  scene of OATS where  measurement i s  carried  ou t at  1 , 3  m  he igh t from  
the  cen tre  of the  an tenna  wi th  3  m  d istance  between  an tennas  at coaxia l  and  coplanar 
d i rection ,  respective l y.  

  

a)  Measurement at  coaxial  d i rection  at  3  m  b)  Measurement at  coplanar d i rection  at  3  m  

Figure B.3  – Photos  of OATS measurement setup  

Figu re  B. 4  i s  a  g raph ical  presen tation  wh ich  a l l ows  us  to  compare  the  resu l ts  from  a  
s imu lation  both  at  coaxia l  and  coplanar d i rections  where  the  ground  p lane  us ing  a  commercia l  
tool  i s  i ncluded  and  where  image  theory has  been  appl ied .  I t  suggests  that the  s imu lation  
resu l t from  each  model  a lmost agrees.  

F i gu re  B. 5  presen ts  comparison  resu l ts  between  the  H -fiel d  convers ion  factors  determ ined  by 
us ing  commercia l  tools  and  measurement data.  

 

Figure B.4 – Comparative simulation  resu l t   
wi th  ground  plane  and  with  image theory 
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Figure B.5  – Comparison  between  the s imu lated   
conversion  factors  and  the measurement  resu l ts  

B.2  H-field  conversion  factors  obtained  from  simulation  resul ts  
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measurement.  

The  H -fie ld  l im i t  i n  dBμA/m  at 3  m ,  H3m ,  i s  determ ined  from  H30m  by the  fol l owing  equation :  

 H3m  =  H30m  +  C3_m in  (B . 1 )  

where  

H30m   i s  the  H -fie l d  l im i t  i n  dBμA/m  at 30  m  d istance;  

C3_m in   i s  a  conversion  factor i n  dB  as  shown  i n  F igure  B. 6  and  Table  B . 1  
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Figure B.6  – Conversion  factor C3_min  

Table  B . 1  – Conversion  factor C3_min  

Frequency 

MHz 

C
3
_H

x
 

dB
 

C
3
_H

y
 

dB  

C
3_mi n

 

dB  

0 , 01  (or 0 , 009)  55, 3  57, 2  55, 3  

0 , 1 5  55, 5  57, 3  55, 5  

1  54 , 1  58, 2  54, 1  

2  51 , 5  53, 6  51 , 5  

2 , 4  50, 5  50, 5  50, 5  

3  49, 1  46, 3  46, 3  

5  45, 7  36, 7  36, 7  

1 0  41 , 2  25, 1  25, 1  

1 1  40 , 7  23, 9  23, 9  

1 2  40, 3  23, 0  23, 0  

1 3  39, 9  22, 4  22 , 4  

1 4  39, 5  22, 0  22 , 0  

1 5  39, 3  21 , 7  21 , 7  

20  38, 3  21 , 2  21 , 2  

30  37, 5  21 , 1  21 , 1  

 

The  H -fie ld  l im i t  i n  dBμA/m  at 1 0  m ,  H1 0m ,  i s  determ ined  from  H30m  by the  fo l l owing  equation :  
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 H1 0m   =  H30m  +  C1 0_m in  (B . 2)  

where  

H30m   i s  the  H -fie l d  l im i t  i n  dBμA/m  at 30  m  d istance;  

C1 0_m in   i s  a  conversion  factor i n  dB  as  shown  i n  F igure  B. 7  and  Table  B . 2 .  

    

Figure B.7  – Conversion  factor C1 0_min  
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Table  B .2  – Conversion  factor C1 0_min  

Frequency  

MHz 

C
1 0
_H

x
 

dB  

C
1 0
_H

y
 

dB  

C
1 0_mi n

 

dB  

0 , 01  (or 0 , 009)  28, 0  28, 3  28, 0  

0 , 1 0  28, 0  28, 3  28, 0  

0 , 1 5  28, 0  28, 3  28, 0  

0 , 2  27, 9  28, 3  27, 9  

0 , 3  27, 9  28, 4  27, 9  

0 , 4  27, 8  28, 5  27, 8  

0 , 5  27, 7  28, 7  27, 7  

0 , 6  27, 5  28, 8  27, 5  

0 , 7  27, 3  28, 9  27, 3  

0 , 8  27, 2  29, 0  27, 2  

0 , 9  27, 0  29, 1  27, 0  

1  26, 7  29, 1  26, 7  

1 , 9  24, 8  24, 9  24, 8  

2  24 , 6  24, 1  24, 1  

3  22 , 9  1 6, 7  1 6, 7  

5  21 , 0  1 0, 5  1 0, 5  

1 0  1 9, 4  9 , 9  9 , 9  

20  1 9, 0  1 0, 3  1 0, 3  

30  1 8, 9  1 0, 3  1 0, 3  

 

The  H -fie ld  l im i t i n  dBμA/m  at 3  m ,  H3m ,  can  be  a lso  determ ined  from  H1 0m  by the  fol l owing  

equation :  

 H3m   =  H1 0m  +  C1 0-3_m in     (B . 3)  

where  

H1 0m   i s  the  H -fie l d  l im i t  i n  dBμA/m  at 1 0  m  d istance;  

C1 0-3_m in   i s  a  conversion  factor i n  dB  as  shown  i n  F igure  B. 8  and  Table  B . 3.  
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Figure B.8  – Conversion  factor C1 0-3_min  

IEC  

Conversion  factor 1 0  m  to  3  m   (dB)  

0, 01  
0  

0, 1  1  1 0  MHz  
C1 0  to  3_H x   (dB)  C1 0  to  3_H y   (dB)  C1 0 -3_mi n   (dB)  

5  

1 0  

1 5  

20  

25  

30  

35  
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Table  B .3  – Conversion  factor C1 0-3_min  

Frequency  

MHz 

C
1 0  to  3

_H
x
 

dB  

C
1 0  to  3

_H
y
 

dB  

C
1 0 -3_mi n

 

dB  

0 , 01  (or 0 , 009)  27, 5  29, 0  27, 5  

0 , 1 5  27, 5  29, 0  27, 5  

1  27, 4  29, 1  27, 4  

2  26, 9  29, 5  26, 9  

3  26, 2  29, 6  26, 2  

5  24, 7  26, 2  24, 7  

5 , 8  24, 2  24, 1  24 , 1  

1 0  21 , 8  1 5, 1  1 5, 1  

1 1  21 , 4  1 3 , 9  1 3 , 9  

1 2  21 , 1  1 3 , 0  1 3 , 0  

1 3  20, 7  1 2 , 3  1 2 , 3  

1 4  20, 5  1 1 , 9  1 1 , 9  

1 5  20, 0  1 1 , 6  1 1 , 6  

20  1 9, 3  1 0 , 9  1 0 , 9  

30  1 8, 6  1 0 , 8  1 0 , 8  

 

B.3  Recommended  conversion  factors  of H  field  l imi ts  for measurement 
d istances  

B.3. 1  General  

The  recommended  conversion  factors  from  the  s imu lated  resu l ts  for use  of product  comm ittee  
are  g i ven  i n  the  fol lowing  subclauses.   

B.3.2  Recommended  conversion  factor for the  l imi t  of H -field  from  30  m  to  3  m,   
CF30m  to  3m  
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Figure B.9  – Recommended  conversion  factor CF30m  to  3m  

Table  B.4 – Recommended  conversion  factor CF30m  to  3m  

Frequency  

MHz 

CF
30m  to  3m

 

dB  

0 , 01  (or 0 , 009)  54  

2  54  

2  to  1 2  
l i nearl y d ecreased  54  to  20  
[y =  - (43, 69)  ×  l og(x)+  67, 1 5]  

30  20  

 

IEC  

Conversion  factor 30  m  to  3  m   (dB)  

0, 01  
0  

0, 1  1  1 0  MHz  

Recommended   (dB )  Simu lation  resu l ts   (dB)  

1 0  

20  

30  

40  

50  

60  
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B.3.3  Recommended  conversion  factor for the  l imi t  of H -field  from  30  m  to  1 0  m,   
CF30m  to  1 0m  

 

Figure B. 1 0  – Recommended  conversion  factor CF30m  to  1 0m   

Table  B .5  – Recommended  conversion  factor CF30m  to  1 0m   

Frequency  

MHz 

CF
30m  to  1 0m

 

dB  

0 , 01  (or 0 , 009)  27  

1 , 5  27  

1 , 5  to  4 , 5  
l i nearl y d ecreased  27  to  1 0  
[y =  - (33, 52]  ×  l og (x)+  32, 90]  

30  1 0  

 

IEC  

Conversion  factor 30  m  to  1 0  m   (dB)  

0, 01  
0  

0, 1  1  1 0  MHz  

Recommended   (dB )  Simu lation  resu l ts   (dB)  

5  

1 0  

1 5  

20  

25  

30  
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B.3.4  Recommended  conversion  factor for the  l imi t  of H -field  from  1 0  m  to  3  m,   
CF1 0m  to  3m  

 

Figure B. 1 1  – Recommended  conversion  factor CF1 0m  to  3m  

Table  B .6  – Recommended  conversion  factor CF1 0m  to  3m  

Frequency  

MHz 

CF
1 0m  to  3m

 

dB  

0 , 01  (or 0 , 009)  27  

4  27  

4  to  1 5  
l i nearl y d ecreased  27  to  1 0  
[y =  - (29, 62]  ×  l og (x)+  43, 83]  

30  1 0  

 

IEC  

Conversion  factor 1 0  m  to  3  m   (dB)  

0, 01  
0  

0, 1  1  1 0  MHz  

Recommended   (dB )  Simu lation  resu l ts   (dB)  

5  

1 0  

1 5  

20  

25  

30  
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FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for s tandard izati on  compris i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  ob ject  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  S tandards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports,  Publ i cl y  Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC 
Publ i cation(s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-
governmental  organ i zations  l i a i s i ng  wi th  the  I EC al so  parti ci pate  i n  th i s  preparati on .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ ization  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement  between  the  two organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y as  possi ble,  an  i n ternational  
consensus  of opin ion  on  the  re l evant sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  al l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cati ons  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accurate,  I EC  cannot be  he l d  responsibl e  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Publ i cati ons  
transparen tl y to  the  maximum  exten t poss ibl e  i n  thei r national  and  reg i ona l  publ i cati ons.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  sha l l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC provi des  no  marking  procedure  to  i n d icate  i ts  approval  and  cannot  be  rendered  responsi ble  for any 
equ i pment  declared  to  be  i n  conform i ty wi th  an  I EC Publ i cation .  

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

7)  No  l i abi l i ty shal l  attach  to  I EC or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC Nati onal  Comm i ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any nature  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  of the  publ i cation ,  use  of,  or rel i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  possib i l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  sub ject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t ri gh ts.  

DISCLAIMER 
This  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 CISPR 1 6-4-4 bears  the  ed i tion  number 2 .1 .  I t  consists  of 
the  second  ed i tion  (2007-070)  [documents  C ISPR/H /1 47/DTR and  CISPR/H /1 53/RVC]  and  
i ts  amendment 1  (201 7-06)  [documents  CIS/H/31 3/DTR and  CIS/H/31 9/RVC] .  The 
technical  content  i s  identical  to  the  base  ed i tion  and  i ts  amendment.  

Th is  F inal  version  does  not show where  the technical  content i s  mod ified  by 
amendment 1 .  A separate  Red l ine  version  with  al l  changes  h igh l ighted  is  avai lable  in  
th is  publ ication .  
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The  main  task of I EC techn ical  comm ittees  i s  to  prepare  I n ternational  Standards.  However,  a  
techn ical  comm ittee  may propose the  publ ication  of a  techn ical  report when  i t  has  col l ected  
data  of a  d i fferent kind  from  that wh ich  is  normal ly publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

Th is  second  ed i tion  of CI SPR 1 6-4-4,  wh ich  i s  a  techn ical  report,  has  been  prepared  by 
CISPR subcommittee  H :  L im i ts  for the  protection  of rad io  services.  

Th is  second  ed i tion  of CISPR 1 6-4-4  contains  two thorough ly updated  Clauses  4  and  5,  
compared  wi th  i ts  fi rst ed i tion .  I t  a lso  con tains,  i n  i ts  new Annex A,  va lues  of the  class ica l  
CI SPR mains  decoupl i ng  factor wh ich  were  determ ined  by measurements  i n  rea l  LV AC mains  
grids  i n  the  1 960s.  I t  i s  deemed  that these  mains  decoupl i ng  factors  are  s ti l l  val i d  and  
representati ve  a lso  for modern  and  wel l  main tained  LV AC mains  grids  around  the  world .  

The  i n formation  i n  C lause  4  – Statistics  of compla in ts  and  sources  of i n terference – was  
accompl ished  by the  h istory and  evolu tion  of the  CISPR statistics  on  complain ts  abou t rad io  
frequency i n terference  (RFI )  and  by background  i n formation  on  evolu tion  in  rad io-based  
commun ication  technolog ies .  Furthermore,  the  forms  for col l ation  of actual  RFI  cases  were  
detai led  and  structured  i n  a  way a l l owing  for more  qual i fi ed  assessment and  evaluation  of 
compi led  annual  data  i n  regard  to  the  i n terference  s i tuation ,  as  e . g .  fixed  or mobi le  rad io  
reception ,  or analogue  or d i g i ta l  modu lation  of the  i n terfered  wi th  rad io  service  or appl ication  
concerned .  

The  in formation  i n  C lause  5  – A model  for the  calcu lation  of l im i ts  – was  accompl ished  in  
several  ways.  The  model  i tsel f was  accompl ished  i n  respect of the  remote  coupl i ng  s i tuation  
as  wel l  as  the  close  coupl i ng  one.  Further supplements  of th is  model  were  incorporated  
regard ing  certain  aspects  of the  coupl ing  path  via  i nduction  and  wave propagation  (rad iation)  
of class ical  te lecommun ication  networks.  Fu rthermore,  the  ca lcu lation  model  on  s tatistics  and  
probabi l i ty underwent revis ion  and  was  brought  in  l ine  wi th  a  more  modern  mathematical  
approach .  Even tual l y the  present model  was  extended  for a  poss ib le  determ ination  of CISPR 
l im i ts  i n  the  frequency range  above  1  GHz.  

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

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

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  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'  logo 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.  

International  Electrotechnical  Commission

 



CISPR TR 1 6-4-4: 2007+AMD1 : 201 7  CSV 

  I EC  201 7    

– 7  – 

SPECIFICATION  FOR RADIO DISTURBANCE AND IMMUNITY 
MEASURING APPARATUS AND METHODS – 

 
Part 4-4:  Uncertainties,  statistics  and  l imi t model l ing  – 

Statistics  of complaints  and  a  model  for the  calculation  of l imi ts  
for the  protection  of radio services  

 
 

1  Scope  

This  part  of CISPR 1 6  con tains  a  recommendation  on  how to  deal  wi th  statistics  of rad io  
i n terference  complain ts .  Furthermore  i t  describes  the  calcu lation  of l im i ts  for d isturbance fie ld  
strength  and  vol tage  for the  measurement on  a  test s i te  based  on  models  for the  d istribu tion  
of d is turbances  by rad iated  and  conducted  coupl i ng ,  respectivel y.  

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 ly the  ed i ti on  ci ted  appl i es.  For undated  references,  the  l atest ed i tion  
of the  referenced  document ( i nclud ing  any amendments)  appl ies.  

I EC 60050(1 61 ) ,  International Electrotechnical Vocabulary – Chapter 161 : Electromagnetic 
compatibility 

CI SPR 1 1 ,  Industrial,  scientific and medical (ISM)  radio-frequency equipment – 
Electromagnetic disturbance characteristics – Limits and methods of measurement  

CI SPR 1 6-4-3,  Specification for radio disturbance and immunity measuring apparatus and 
methods – Part 4-3: Uncertainties,  statistics and limit modelling – Statistical considerations in  
the determination of EMC compliance of mass-produced products 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  i n  I EC  60050(1 61 )  as  wel l  as  the  
fol l owing  appl y.   

3. 1   
complain t  
a request for ass istance  made to  the  RFI  i nvesti gation  service  by the  user of a  rad io  receiving  
equ ipment who compla ins  that reception  i s  degraded  by rad io  frequency i n terference  (RFI )  

3.2   
RFI  investigation  service  
i nsti tu tion  having  the  task of investi gati ng  reported  cases  of rad io  frequency i n terference  and  
wh ich  operates  at the  national  basis   

NOTE  Examples  i ncl ude  a  rad io  service  provider,  a  CATV network provider,  an  adm in i stration ,  or a  regu latory 
au thori ty.  

3.3   
source  
any type  of e l ectric  or e l ectron ic equ ipment,  system ,  or (part  of)  i nsta l l ation  emanating  
d isturbances  i n  the  rad io  frequency (RF)  range  wh ich  can  cause  rad io  frequency i n terference 
to  a  certa in  kind  of rad io  receiving  equ ipment  
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4 Statistics  of complaints  and  sources  of interference  

4. 1  In troduction  and  h istory 

The previous  ed i ti on  of CISPR 1 6-4-4  con tained ,  i n  i ts  C lause  4 ,  a  complete  reprin t of CISPR 
Recommendation  2/3  on  statistics  of complain ts  and  sou rces  of i n terference.  However,  d ue  to  
modern  technolog ical  evolu tion  i n  rad io  systems d i rected  towards  i n troduction  of d ig i ta l  rad io  
services,  and  due  to  i ncreasing  use  of mobi l e  and  portable  rad io  appl iances  by the  publ ic,  the  
trad i tional  CISPR statisti cs  of compla in ts  on  rad io  frequency i n terference  are  experiencing  a  
decreasing  s i gn i ficance as  an  i nd icator of the  qual i ty of standard isation  work for the  protection  
of rad io  services  and  appl ications.  That i s  why related  i n formation  i n  th is  ed i ti on  of 
CI SPR 1 6-4-4  i s  reduced  to  the  necessary m in imum  al l owing  i n terested  parties  to  con tinue  
the ir complain t-based  col l ation  of data  on  an  annual  basis .  

I n  order to  accommodate  the  evolu tion  i n  modern  rad io  technology and  mobi le  and  portable  
use  of rad io  receiving  equ ipment,  i t  may be  necessary to  replace  or to  gather the  complain ts-
based  CISPR statistics  by other more  modern  statistics  or means.  These  new statis tics  shou ld  
be  based  on  a  systematic annual  co l l ation  of data  abou t degradation  of qual i ty of rad io  
services  and  reception  due  to  e lectromagnetic d isturbances  occurring  i n  the  envi ronment.  
These  data  wi l l  have  to  be  col lected  and  processed ,  however,  primari l y by the  rad io  service  
providers  themselves.  

4.2  Relationsh ip  between  radio  frequency in terference  and  complaints  

Whatever the  rad io  system  involved ,  officia l  complain ts  usual l y represent on l y a  smal l  subset 
of a l l  occurring  i n terference s i tuations.  Occasional  i n terference general l y does  not l ead  to  an  
officia l  complain t i f i ts  du ration  is  brief or i f i t  happens  on l y once  in  a  wh i le .  I t  i s  on l y when  the  
same in terference s i tuation  occurs  repeti ti vel y that an  official  complain t  i s  reported .  Th is  
s i tuation  a lso  g reatl y depends  on  the  cond i tions  of use  (fixed  or mobi l e)  of the  victim  rad io  
system .  

4.2. 1  Rad io  frequency interference  to  a  fi xed  radio  receiver 

Before  the  wide  development of portable  rad io  devices,  rad io  systems that suffered  from  
i n terference were  general l y used  in  fixed  l ocations.  Th is  i s  the  case,  for example  for a  TV set 
i n  a  fl at or home:  i f th is  TV set  i s  regu larl y i n terfered  wi th  by rad iation  or conduction  from  
other equ ipment l ocated  i nside  or j ust ou ts ide  the  house,  then  i t  i s  probable  that a  complain t 
wi l l  be  issued .  The  same  appl ies  i f a  satel l i te  antenna,  a  fixed  rad io  l i nk,  or a  cel l u lar phone 
base  station  suffers  from  rad io  frequency i n terference.  

4.2.2  Rad io  frequency interference  to  a  mobi le  rad io  receiver 

The mu l tip l ication  of portable  rad io  systems such  as  cel l u lar phones  and  short range  rad io  
systems has  changed  the  cond i ti ons  regard ing  i n terference s i tuations  and  in terference 
compla in ts.  The  abi l i ty for the  user to  move makes i t  eas ier to  resolve  a  particu lar i n terference  
case,  bu t  makes  i t  more  d i fficu l t  to  recogn ise  that an  in terference case  has  actual l y occurred .  

4.2.3  Consequences  of the  move from  analogue to  d ig i tal  rad io  systems  

I n  add i tion  to  the  cond i tions  of use  of the  victim  rad io  system ,  technolog ica l  evolu tion  in  rad io  
services  wi th  successive  phas ing  ou t of analogue  and  exponentia l  g rowth  of d ig i ta l  
appl ications  a lso  has  consequences  on  the  number of reported  in terference  cases.  

I f a  d ig i ta l  mobi le  phone  or a  wireless  LAN  receiver cannot receive  the  s ignal  from  the  nearest 
base  s tation  or access  poin t because  of an  unwanted  em iss ion  from  a  nearby equ ipment,  the  
user wi l l  never suspect th is  equ ipment and  wi l l  not even  cons ider the  poss ib i l i ty of an  
i n terference occurring .  He  wi l l  assume that the  coverage of the  network is  poor and  wi l l  move  
to  another p lace  to  make  h is  cal l  or to  get h is  connection .  Furthermore,  as  these  systems are  
general l y frequency ag i l e,  i f one  channel  i s  i n terfered  wi th ,  the  system  wi l l  choose  another 
channel ,  bu t i f a l l  other channels  are  occupied ,  then  the  phone wi l l  i nd icate  that the  network is  
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busy,  and  once  again ,  the  user wi l l  th ink the  network capaci ty i s  not  large  enough  to  
accommodate  h is  cal l ,  bu t he  wi l l  never suspect an  EMC problem .  

General l y for analogue  systems,  one  can  hear the  i n terference.  Wi th  d ig i ta l  and  mobi l e  
systems,  i n terference  is  much  less  noticeable  (muting  i n  aud io  reception ,  or frozen  images  on  
the  TV set for DVB).  I n  add i ti on ,  modern  d ig i ta l  modu lations  implement complex escape  
mechan isms (data  error correction ,  frequency ag i le  systems,  etc. )  so  that the  system  can  
a l ready be  permanentl y affected  from  an  EMC poin t of view before  an  i n terference case  is  
actual l y detected .  

4.3  Towards  the loss  of a  precious  ind icator:  in terference complaints  

The evolu tions  detai led  above  – general isation  of mobi le  use  of rad io  receivers  and  the  move  
from  analogue  to  d ig i ta l  rad io  services  – wi l l  not reduce  the  number of i n terference s i tuations,  
bu t con tinues  to  decrease  the  probabi l i ty of getti ng  s ign i ficant numbers  of i n terference  
compla in ts  i nd icati ng  an  existing  EMC problem .  So,  a l ong  wi th  the  growing  development of 
portable  d i g i ta l  rad io  devices,  the  usefu lness  of trad i tional  i n terference  compla in ts  statis tics  to  
support the  CISPR work wi l l  conti nue  to  d im in ish  i n  importance.  

4.4 CISPR recommendations  for col lation  of statistical  data on  i n terference 
complain ts  and  classification  of in terference sources  

Considering  

a)  that RFI  i nvestigation  services  may wh ish  to  con tinue  publ ication  of statistics  on  
i n terference  complain ts ;  

b)  that  i t  wou ld  be  usefu l  to  be  able  to  compare  the  fi gures  for certa in  categories  of sources;  

c)  that varied  and  ambiguous  presentation  of these  statis tics  often  renders  th is  comparison  
d i fficu l t,  

CISPR recommends  

(1 )  that the  statistics  provided  to  National  Committees  shou ld  be  i n  such  a  form  that the  
fol l owing  in formation  may be  read i l y extracted :  

(1 . 1 )  the  number of compla in ts  as  a  percen tage  of the  tota l  number of sound  broadcast 
receivers  or te levis ion  broadcast receivers  or other rad io  commun ication  receivers  i n  
operation  i n  a  certa in  country,  or reg ion ;  

(1 . 2)  the  re lati ve  aggress ivi ty of the  various  sources  of i n terference  in  the  d i fferen t frequency 
bands;  

(1 . 3)  the  comparison  of the  i n terference  caused  by the  same source  in  d i fferent frequency 
bands;  

(1 . 4)  the  effectiveness  of l im i ts  (CISPR or national )  and  other counter-measures  on  i tems  
(1 . 1 ) ,  (1 . 2) ,  and  (1 . 3);  

(1 . 5)  the  number of sources  of the  same type  i nvolved  i n  a  certa in  i n terference case.  
I n terference may be  caused  by a  g roup of devices,  for example,  a  number of fluorescent  
l amps  on  one  ci rcu i t.  I n  such  cases,  the  number to  be  entered  i n to  the  statistics  i s  
determ ined  by the  RFI  i nvestigation  service.  

NOTE  To  faci l i tate  compari son  of s tati sti cs,  the  method  used  to  determ ine  the  number of sources  shou ld  
be  stated .  

One source  may cause  many compla in ts  and  one  complain t may be  caused  by more  
than  one  source.  Therefore  i t  i s  clear that the  number of sources  and  the  number of 
compla in ts  against  any class i fication  code  may not be  re lated .  

For the  purpose  of these  statistics,  acti ve  generators  of e lectrical  energy and  apparatus  
and  i nstal lations  wh ich  cause  i n terference by secondary effects  (secondary modu lation)  
are  i ncluded .  See  a lso  appl iances  of category B  i n  Table  1 ;  
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(1 . 6)  causes  of complain ts  not re lated  to  a  source ,  as  e. g .  unsatisfactory rad io  reception  due  
to  a  l ack of immun i ty of the  rad io  receiving  i nstal l ation  or a  l ack of coverage wi th  wanted  
rad io  s i gnals ,  see  a lso  appl i ances  of category K i n  Table  1 ;  

(2)  that s tatistics  shou ld  cover a  complete  ca lendar year;  they shou ld  whenever possib le  be  
presented  i n  the  fo l l owing  form ,  see  standard  forms  in  F igures  1 a  to  1 d ,  wi thou t 
necessari l y employing  more  detai led  categories  than  l i s ted  in  Table  1 .  I t  i s  however not 
i n tended  to  exclude  further subd ivis ions;  these  may be  desi rable,  bu t they shou ld  fi t  i n to  
the  scheme of the  s tandard  forms  set ou t below;  the  code  numbers  refer to  the  i tems  
l i sted  i n  Table  1 .  

4.5  Forms  for statistics  of i n terference complaints  

1   Rad io  services  wi th  analogue  modu lation  

1 . 1   F ixed  or s tationary rad io  reception  

Source of i n terference  
or other cause of complaint  

Number of complaints  per rad io  servi ce  
from  each  source  

Classi fication  
code  

Description  Total  number 
i n  each  

i denti fi cation  

Broadcasting  a  Other 

services  b  

Sound  c  Tel evision  c   

LF/ 
MF/ 
HF  

I I  I  I I I  IV/V  

A  1  

2  

1  

1  

        

  e tc.  as  i nd icated  i n  Table  1  

1 . 1  F i xed  or stationary rad i o  reception ,  analogue  
modu lation  

Total s        

a  LF  =  l ow rad i o  frequency ( l ong  waves);  

 MF  =  med ium  rad io  frequency (med i um  waves);  

 HF  =  h i gh  rad io  frequency (short  waves).  

 These  th ree  bands  may ei ther be  g rouped  together,  as  shown ,  or deal t  wi th  separate l y.  

 I I  =  Band  I I  (VHF/sound  broadcasti ng);  

 I  =  Band  I  (VHF/televi s i on  broadcasti ng);  

 I I I  =  Band  I I I  (VHF/tel evi s ion  broadcasti ng );  

 I V/V =  Band  I V/V (UHF/televi s ion  broadcasti ng ).  

b  The  service  and  band  affected  shou ld  be  s tated .  

c  At  the  t ime  of receipt  of compl ain ts  of i n terference,  i . e .  before  they have  been  i nvesti gated  fu l l y,  i t  may not  be  
possib le  to  apporti on  the  complain ts  accurately  to  the  various  broadcasti ng  services.  I f th i s  i s  so,  then  the  
number of complai n ts  shou ld  be  s tated  separatel y for sound  broadcasti ng  and  te levi s ion  broadcasti ng .   

 

F igure 1 a  – Standard  form  for statistics  on  in terference complaints  recommended  for 
rad io  services  with  analogue  modu lation  and  fixed  or stationary rad io  reception  
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1   Rad io  services  wi th  analogue  modu lation  

1 . 2   Mobi l e  or portable  rad io  reception  

Source of i n terference  
or other cause of complaint  

Number of complaints  per rad io  servi ce  
from  each  source  

Classi fication  
code  

Description  Total  number 
i n  each  

i denti fi cation  

Broadcasting  a  Other 

services  b  

Sound  c  Tel evision  c   

LF/ 
MF/ 
HF  

I I  I  I I I  IV/V  

A  1  

2  

1  

1  

        

  e tc.  as  i nd icated  i n  Table  1  

1 . 2  Mobi l e  or portabl e  rad io  reception ,  analogue  
modu lation  

Total s        

a  LF  =  l ow rad i o  frequency ( l ong  waves);  

 MF  =  med ium  rad io  frequency (med i um  waves);  

 HF  =  h i gh  rad io  frequency (short  waves).  

 These  th ree  bands  may ei ther be  g rouped  together,  as  shown ,  or deal t  wi th  separate ly.  

 I I  =  Band  I I  (VHF/sound  broadcasti ng);  

 I  =  Band  I  (VHF/televi s i on  broadcasti ng);  

 I I I  =  Band  I I I  (VHF/tel evi s ion  broadcasti ng );  

 I V/V =  Band  I V/V (UHF/televi s ion  broadcasti ng ).  

b  The  service  and  band  affected  shou ld  be  stated .  

c  At  the  t ime  of receipt  of compl ain ts  of i n terference,  i . e .  before  they have  been  i nvesti gated  fu l l y,  i t  may not  be  
possib le  to  apporti on  the  complai n ts  accurately to  the  various  broadcasti ng  services.  I f th i s  i s  so,  then  the  
number of complai n ts  shou ld  be  stated  separatel y for sound  broadcasti ng  and  te levi s ion  broadcasti ng .  

 

F igure 1 b  – Standard  form  for statistics  on  in terference complaints  recommended  for 
radio  services  with  analogue  modu lation  and  mobi le  or portable  radio  reception  
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2   Rad io  services  wi th  d ig i tal  modu lation  

2 . 1   F ixed  or s tationary rad io  reception  

Source of i n terference  
or other cause of complaint  

Number of complaints  per rad io  servi ce  
from  each  source  

Classi fication  
code  

Description  Total  number 
i n  each  

i denti fi cation  

Broadcasting  a  Other 

services  b  

Sound  c  Tel evision  c   

LF/ 
MF/ 
HF  

I I  I  I I I  IV/V  

A  1  

2  

1  

1  

        

  e tc.  as  i nd icated  i n  Table  1  

2 . 1  F i xed  or stationary rad i o  reception ,  d i g i ta l  
modu lation  

Total s        

a  LF  =  l ow rad i o  frequency ( l ong  waves);  

 MF  =  med ium  rad io  frequency (med i um  waves);  

 HF  =  h i gh  rad io  frequency (short  waves).  

 These  th ree  bands  may e i ther be  g rouped  together,  as  shown ,  or deal t  wi th  separate ly.  

 I I  =  Band  I I  (VHF/sound  broadcasti ng );  

 I  =  Band  I  (VHF/televi s ion  broadcasti ng);  

 I I I  =  Band  I I I  (VHF/tel evi s ion  broadcasti ng );  

 I V/V =  Band  I V/V (UHF/televi s ion  broadcasti ng ).  

b  The  service  and  band  affected  shou ld  be  stated .  

c  At  the  time  of receipt  of complain ts  of i n terference,  i . e.  before  they have  been  i nvesti gated  fu l l y,  i t  may not  be  
poss ible  to  apporti on  the  complain ts  accurately to  the  vari ous  broadcasti ng  services.  I f th i s  i s  so,  then  the  
number of complai n ts  shou ld  be  stated  separatel y for sound  broadcasti ng  and  televi s ion  broadcasti ng .  

 

F igure 1 c  – Standard  form  for statistics  on  in terference complaints  recommended  for 
radio  services  wi th  d ig i tal  modulation  and  fixed  or stationary rad io  reception  

IEC   1 1 84/07 

International  Electrotechnical  Commission

 



CISPR TR 1 6-4-4: 2007+AMD1 : 201 7  CSV 

  I EC  201 7    

– 1 3  – 

 

2   Rad io  services  wi th  d ig i tal  modu lation  

2 .2   Mobi l e  or portable  rad io  reception  

Source of i n terference  
or other cause of complaint  

Number of complaints  per rad io  servi ce  
from  each  source  

Classi fication  
code  

Description  Total  number 
i n  each  

i denti fi cation  

Broadcasting  a  Other 

services  b  

Sound  c  Tel evision  c   

LF/ 
MF/ 
HF  

I I  I  I I I  IV/V  

A  1  

2  

1  

1  

        

  e tc.  as  i nd icated  i n  Table  1  

2 . 2  Mobi l e  or portabl e  rad io  reception ,  d i g i ta l  
modu lation  

Total s        

a  LF  =  l ow rad i o  frequency ( l ong  waves);  

 MF  =  med ium  rad io  frequency (med i um  waves);  

 HF  =  h i gh  rad io  frequency (short  waves).  

 These  th ree  bands  may ei ther be  g rouped  together,  as  shown ,  or deal t  wi th  separate ly.  

 I I  =  Band  I I  (VHF/sound  broadcasti ng);  

 I  =  Band  I  (VHF/televi s i on  broadcasti ng);  

 I I I  =  Band  I I I  (VHF/tel evi s ion  broadcasti ng );  

 I V/V =  Band  I V/V (UHF/televi s ion  broadcasti ng ).  

b  The  service  and  band  affected  shou ld  be  stated .  

c  At  the  t ime  of receipt  of compl ain ts  of i n terference,  i . e .  before  they have  been  i nvesti gated  fu l l y,  i t  may not  be  
possib le  to  apporti on  the  complain ts  accurately  to  the  various  broadcasti ng  services.  I f th i s  i s  so,  then  the  
number of complai n ts  shou ld  be  s tated  separatel y for sound  broadcasti ng  and  te levi s ion  broadcasti ng .  

 

F igure 1 d  – Standard  form  for statistics  on  in terference complaints  recommended  for 
radio  services  wi th  d ig i tal  modulation  and  mobi le  or portable  rad io  reception  

Figure 1  – Standard  forms  for statistics  on  in terference complaints  

For RFI  i nvestigation  services  wh ich  wou ld  l ike  to  i ssue  reports  on  statis tics  of i n terference  
complain ts  i t  i s  recommended  to  use  the  classi fication  of i n terference sources  set ou t i n  
Table  1 .  Use  of th is  classi fication  wi l l  faci l i tate  comparison  of RFI  s i tuations  observed  i n  
d i fferent  countries.  

 

IEC   1 185/07 

International  Electrotechnical  Commission

 



   CI SPR TR 1 6-4-4: 2007+AMD1 : 201 7  CSV 

    I EC 201 7  
– 1 4  – 

Table  1  – Classification  of sources  of rad io  frequency interference   
and  other causes  of complaint  

Classi fi cation  code  Description  of the  source  

A I ndustri al ,  scien ti fic,  and  medical  ( ISM )  RF  apparatus   (CISPR 1 1 )  

A. 1  I ndustri a l ,  scien ti fi c,  and  med ical  ( I SM)  RF  apparatus   (g roup  2)   i ncl us i ve  m icrowave  
ovens  and  RF  l i gh ti ng  appl i ances  

A. 2  Other i ndustria l  or s im i l ar apparatus   (g roup  2)   as  e . g .  arc  we ld ing  equ ipment or 
spark generati ng  apparatus  (EDM),  etc.  

A. 3  Other i ndustrial  or s im i l ar apparatus   (g roup  1 )   as  e . g .  generators,  motors,  
convertors ,  sem iconductor con trol l ed  devices,  etc.  

B Electri c  power suppl y,  d i stri bution  and  el ectric  traction   (CISPR 1 1 ,  CISPR 1 8)  

B. 1  Power supp ly i nstal l ati ons  (AC or DC vol tages  exceed ing  1 00  kV)  as  e. g .  overhead  
power l i nes,  generati ng  and  swi tch ing  s tations,  converti ng  s tati ons,  etc.  

B . 2  Power supp ly i nstal l ati ons  (AC or DC vol tages  1  kV to  1 00  kV)  as  e. g .  overhead  
power l i nes,  generati ng  and  swi tch ing  stations,  converti ng  s tations,  etc.  

B . 3  Low vol tage  (LV)  power supp ly and  d i stri bu tion  (AC or DC vol tages  up  to  1  kV)  

B . 4  E lectri c  traction  as  e. g .  for ra i lways,  tramways,  or trol l ey buses  

C Low power appl iances  as  normal l y used  in  households,  offices   
and  smal l  workshops   (CISPR 1 4)  

C. 1  Motors  i n  househol d  appl i ances  e. g .  i n  e l ectri c  tool s ,  vacuum  cleaners,  etc.  

C. 2  Contact devices,  thermostats ,  etc.  

C. 3  Sem iconductor control l ed  appl i ances  ( l ess  than  1  kW  l oad)  

D Gaseous  d ischarge  and  other l amps  and  l uminaries   (CISPR 1 5)  

 F l uorescent l amps  and  l um inaries,  neon  adverti s i ng  s i gns,  sel f-bal l asted  l amps,  etc.  

E  a  Rad io  broadcast receiving  i nstal l ations   (CISPR 1 3,  CISPR 25)  

E. 1  Sound  broadcast  recei vers  for fi xed  or mobi l e  use  

E . 2  Televi s ion  broadcast recei vers  for fi xed  or mobi l e  use  

E . 3  Cabl e  tel evi s i on  i nstal l ati ons  (CATV)  

F  a  Rad io  communication  systems   ( ITU  Recommendations)  

F. 1  Rad i o  broadcast or commun ication  transm i tters  for fi xed  or mobi l e  use  

F . 2  Rad i o  commun ication  recei vers  for fi xed  or mobi l e  use  

G Ign i tion  systems of i n ternal  combustion  eng ines   (CISPR 1 2)  

 Cars,  motor b i kes,  boats ,  trucks,  etc.  i f propel l ed  by e l ectri cal  means  or i n terna l  
combustion  eng ines  or both ,  excl us ive  e l ectri c  traction  veh icl es  

H  Information  and  communication  technology ( ICT)  appl i ances   (CISPR 22)  

H. 1  Wi re-bound  te l ecommun ication  term inal  equ ipment (TTE)  and  telecommun ication  
equ i pment (TE)  i n  the  i n frastructure  of networks  as  e . g .  i n  te l ecommun ication  
centres,  wi re-bound  LAN ,  etc.  

H . 2  Data  processing  equ ipment  (DPE)  such  as  e . g .  computers  and  anci l l ary equ ipment  

H . 3  Rad i ation  from  wi re-bound  te lecommun ication  networks  

I  I denti fi ed  sources  other than  those speci fi ed   ( IEC  61 000-6-3  and  IEC  61 000-6-4)  

K Other causes  of complain t  

K. 1  Lack of immun i ty of rad io  recei ving  i nstal l ati ons  or other appl i ances  

K. 2  Lack of coverage  of wanted  rad io  service  (weak or fau l ty wan ted  s i gnal s)  

a  On ly those  complain ts  belong  to  the  s tati s ti cs  where  a  rad i o  broadcast recei ving  i nstal l ati on  (E)  or a  component  
of a  rad io  commun ication  system  (F)  was  i den ti fi ed  as  caus ing  the  i n terference.  
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5 A model  for the calcu lation  of l imi ts  

5. 1  In troduction  

A harmon ized  method  of ca lcu lation  i s  an  important precond i tion  for the  efficien t d iscussion  of 
CI SPR l im i ts  by National  Committees  and  the  adoption  of CISPR publ ications.  

5.1 . 1  Generation  of EM  d isturbances  

CISPR publ ications  are  developed  for protection  of rad io  communications  and  often  several  
types  of rad io  networks  are  to  be  protected  by a  s i ng le  em iss ion  l im i t.  

Most e l ectrotechn ical  equ ipment has  the  potentia l  to  i n terfere  wi th  rad io  communications.  
Coupl ing  from  the  source  of e l ectromagnetic d isturbance  to  the  rad io  commun ications  
i nsta l l ation  may be  by rad iation ,  i nduction ,  conduction ,  or a  combination  of these  
mechan isms.  Con trol  of the  pol l u tion  of the  rad io  spectrum  is  accompl ished  by l im i ting  at the  
source  the  l evels  of appropriate  components  of the  e lectromagnetic d isturbances  (vol tage,  
curren t,  fi el d  strength ,  etc. ) .  The  choice  of the  appropriate  component i s  determ ined  by the  
mechan ism  of coupl i ng ,  the  effect of the  d isturbance on  rad io  commun ications  i nsta l l ations 
and  the  means  of measurement avai l ab le.  

5.1 .2  Immunity from  EM  d isturbances  

Most rad io  receiving  equ ipment has  the  poten tial  to  mal function  as  the  resu l t of being  
subj ected  to  EM  d isturbances.  

Protection  of equ ipment i s  accompl ished  by harden ing  the  appropriate  d is turbance en try rou te  
except for the  antenna  i npu t port,  for i n -band  d isturbances.  The  choice  is  determ ined  by the  
mechan ism  of coupl ing ,  the  effect of the  d isturbance on  the  e lectron ic  equ ipment and  the  
means  of measurement avai l able.  

5.1 .3  Planning  a  rad io  service  

Before  p lann ing  a  rad io  communication  service,  i t  i s  necessary to  decide  upon  the  re l i abi l i ty of 
obtain ing  a  predeterm ined  qual i ty of reception .  Th is  cond i ti on  can  be  expressed  in  terms  of 
the  probabi l i ty of the  actual  s ignal -to-i n terference ratio  R  at  the  an tenna  i npu t port of a  
receiver being  g reater than  the  m in imum  perm issib le  s i gnal -to- in terference  ratio  Rp  needed  to  

get a  predeterm ined  qual i ty of reception  α .  That i s :  

 ( )[ ] ασµ =≥ pRR ; RRP  

where  

P [  ]   i s  the  probabi l i ty function ;  

R(µR;σR)   i s  the  actual  s i gnal - to- in terference ratio  as  a  function  of i ts  mean  va lue  (µR)  and  

standard  deviation  (σR) ;  

Rp   i s  the  m in imum  perm issib le  s ignal -to- i n terference  ratio  (protection  ratio);  

α   i s  a  speci fied  value  representing  the  re l iabi l i ty of communications.  

Th is  probabi l i ty cond i tion  i s  the  basis  for the  method  of determ in ing  l im i ts.  

International  Electrotechnical  Commission

 



   CI SPR TR 1 6-4-4: 2007+AMD1 : 201 7  CSV 

    I EC 201 7  

– 1 6  – 

5.2  Probabi l i ty of in terference  

I n  order to  make recommendations  to  protect adequatel y the  rad io  commun ications  systems 
of i n terest to  the  I TU ,  cons iderable  attention  i s  paid  wi th in  CISPR to  the  probabi l i ty of 

i n terference  occurring .  The  fo l lowing  is  an  extract from  CCIR Report 829  1 ) .  

5.2. 1  Derivation  of probabi l i ty of i n terference  

The Rad io  Regu lations,  Volume 1 ,  Chapter I ,  Defin i ti on  1 . 1 66,  defines  i n terference as  “ the  
effect of unwan ted  energy due  to  one  or a  combination  of em iss ions,  rad iations,  or i nductions  
upon  reception  i n  a  rad io  communication  system ,  man i fested  by any performance  
degradation ,  m is in terpretation ,  or loss  of i n formation  wh ich  cou ld  be  extracted  i n  the  absence 
of such  unwanted  energy”.  

5.2. 1 . 1  Probabi l i ty of instantaneous  in terference  

Let 

A  denote  "The  desi red  transm i tter i s  transm i tting ";  

B   denote  "The  wanted  s i gnal  i s  satisfactori l y received  i n  the  absence of unwanted  energy" ;  

C   denote  "Another equ ipment i s  producing  unwanted  energy" ;  

D   denote  "The  wanted  s ignal  i s  satisfactori l y received  i n  the  presence of the  unwanted  
energy" .  

Al l  of these  statements  refer to  the  same smal l -time period .  Then ,  accord ing  to  the  defin i ti ons,  
i n terference means  "A and  B  and  C  and  D*" ,  where  D*  i s  the  negation  or opposi te  of D :  Let 

P(x)  denote  the  "probabi l i ty of x"  and  P(x y)  denote  the  "probabi l i ty of x,  g i ven  y" .  Then ,  the  
probabi l i ty of i n terference during  the  smal l -time  period  is  

 P( I )  =  P(A and  B  and  C  and  D*)  (1 )  

I t  can  be  shown  that th is  can  be  expressed  in  terms  of known  or computable  quanti ties :  

 P( I )  =  [P(B  A)  – P(D A and  C)]  P(A and  C)  (2)  

I t  may be  preferable  to  consider the  probabi l i ty of i n terference  on l y during  the  time  that the  
wanted  transm i tter i s  transm itti ng .  Th is  probabi l i ty i s :  

 P′ ( I )  =  P(B  and  C  and  D* A)  (3)  

wh ich  can  be  reduced  to:  

 P′ ( I )  =[P(B  A)  – P(D  A and  C) ]  P(C A)  (4)  

5.2. 1 .2  Discussion  of Equations  (2)  and  (4)  

First,  cons ider the  d i fference  between  Equations  (2)  and  (4) .  The  probabi l i ty of i n terference 
can  be  in terpreted  as  the  fraction  of time that i n terference exists.  I n  Equation  (2),  th is  fraction  
i s  the  number of seconds  of i n terference during  a  t ime period  d ivi ded  by the  number of 
seconds  the  wanted  transm i tter i s  transm i tting  du ring  the  time period .  Th is  second  fraction  i s  

l arger than  the  fi rst un less  the  wanted  transm i tter i s  on  a l l  the  time.  P(B  A)  is  j ust the  
probabi l i ty that  a  wanted  s i gnal  wi l l  be  correctl y received  when  there  i s  no  i n terference,  often  

expressed  as  the  probabi l i ty that S/N  ≥  R  where  S  i s  the  s i gnal  power,  N i s  the  noise  power,  
and  R  i s  the  s ignal -to-noise  ratio  requ ired  for satisfactory service.  I n  some services,  th is  
probabi l i ty i s  ca l led  the  re l i abi l i ty,  and  is  often  computed  when  the  system  is  designed .  I t  can  

————————— 

1 )  The  former CCIR Reports  656,  670,  and  829  are  no  l onger ava i l able.  
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be  compu ted  i f system  parameters  (for example,  transm i tter and  receiver location ,  power,  
requ ired  S/N)  are  known  us ing  statistica l  data  on  transm iss ion  l oss  (for example,  

Recommendation  370  2))  and  s tatistical  data  on  rad io  noise  (for example,  I TU -R Rec.  P. 372-6  

and  Report 670  3)) .  

Many systems,  such  as  sate l l i te  or m icrowave  re lay poin t-to-poin t  systems,  are  des igned  so  

that  P(B A)  ≈  1 .  I n  other services,  such  as  long-d istance  i onospheric  poin t-to-poin t services,  
or mobi l e  services  near the  edge  of the  coverage area,  P(B A)  may be  qu i te  smal l .  I n  th is  
l atter case,  the  probabi l i ty of i n terference wi l l  not be  smal l  regard less  of the  other 
probabi l i ti es.  

P(D A and  C)  i s  the  probabi l i ty that the  wan ted  s i gnal  wi l l  be  correctl y received  even  when  
the  unwanted  energy is  presen t.  I t  can  be  compu ted  i f there  is  sufficient i n formation  about the  
l ocation ,  frequency,  power,  etc.  of the  source  of unwan ted  energy.  For examples,  see  the  

references  i n  Report 656  3) .  

Notice  that i t  has  been  assumed  that P(D A and  C)  ≤  P(B A);  that i s ,  i f the  s i gnal  can  be  
received  satisfactori l y i n  the  presence  of unwan ted  energy,  then  i t  can  sure l y be  received  
satisfactori l y i n  the  absence  of the  unwanted  energy.  Thus  P( I )  cannot be  negative.  

P(A and  C)  i s  the  probabi l i ty that the  wan ted  transm i tter and  the  source  of unwanted  energy 
are  on  s imu l taneousl y.  I n  some s i tuations,  the  wanted  transm itter and  source  of unwanted  
energy may be  operated  i ndependen tl y.  For example,  they may be  on  ad jacent channels,  or  
beyond  a  coord ination  d istance.  I n  th is  case,  P(A and  C)  =  P(A)P(C),  where  P(A)  i s  the  
fraction  of t ime that the  wanted  transm i tter i s  em i tti ng ,  and  P(C)  i s  the  fraction  of t ime that the  

unwanted  source  i s  on .  

I n  other s i tuations,  the  operation  may be  h igh l y dependent.  For example,  the  transm i tters  may 
be  co-channel  stations  i n  a  d iscip l i ned  mobi l e  service.  I n  th is  case  P(A and  C)  i s  very smal l ,  
bu t perhaps  not zero,  because  a  station  can  be  l ocated  so  that i t  causes  i n terference even  
when  i t  cannot  hear the  other transm i tter.  

The  two  transm itters  m igh t both  operate  continuousl y.  For example,  one  m ight be  part of a  
m icrowave  poin t-to-poin t  service,  and  the  other a  satel l i te  sharing  the  same frequency band .  
I n  th is  case,  P(A and  C)  =  1 ,  and  the  probabi l i ty of in terference  depends  enti re l y on  the  factor 
i n  square  brackets  i n  Equation  (2) .  

S im i l arl y,  P(C A)  =  P(C)  i f the  transm itters  operate  i ndependentl y.  P(C A)  i s  very smal l  i f the  

two transm itters  are  co-channel  s tations  i n  a  d iscip l i ned  l and  mobi le  service;  and  P(C A)  =  1  
i f the  unwan ted  transm i tter i s  on  a l l  the  time.  

I n  general ,  a l l  the  terms  in  Equations  (2)  and  (4)  affect the  probabi l i ty of i n terference,  
a l though  thei r re lati ve  importance  is  d i fferen t i n  d i fferen t services.  

5.3  Ci rcumstances  of interferences  

I n  th is  part,  general  cri teria  are  l a id  down  for establ ish ing  d isturbance l im i ts  for the  purpose  of 
preventing  rad io  frequency i n terference (RFI )  to  happen .  I n  th is  case,  a  d is ti nction  is  made  for 
areas  where  close  coupl i ng  exists  between  noise  sources  and  vi ctim  equ ipment,  and  for areas  
wi th  remote  coupl ing .  

————————— 

2)  I TU -R Rec.  P . 370-7,  VHF and UHF propagation curves for the frequency range from 30 to 1000 MHz.  
Broadcasting Services  was  wi thdrawn  i n  2001 .  

3)  The  former CCIR Reports  656,  670,  and  829  are  no  l onger ava i l able.  
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5.3. 1  Close coupl ing  and  remote coupl ing  

Al though  an  i l l -defined  borderl i ne  exists  between  areas  of close  and  remote  coupl ing  these  
concepts  are  general l y u sed  in  the  fo l lowing  terms.  

Close  coupl ing  refers  to  a  short d istance  between  noise  source  and  receiving  antenna  (for 
example,  3  m  to  30  m )  wh ich  is  the  case  for res iden tia l  sources  i n terfering  wi th  broadcasting  
and  l and  mobi le  receivers  i n  res iden tia l  areas.  I n  general ,  frequencies  up  to  300  MHz are  
cons idered .  

Remote  coupl ing  refers  to  l onger d istances,  usual l y in  the  range  of 30  m  to  300  m ,  wh ich  are  
normal  between  professional  or sem i -profess ional  sources  and  receivers  as  i n  the  case  of 
i nd ividual  areas.  The  re levant frequency spectrum  is  much  broader:  9  kHz to  1 8  GHz.  

For the  s tatements  g i ven  above,  i t  fo l l ows  that some s im i l ari ty exists  between  close  coupl i ng  
and  near-fie ld  rad iation  cond i ti ons  on  the  one  hand  and  between  remote  coupl i ng  and  far-fie ld  
rad iati ng  cond i ti ons  on  the  other hand .  However,  these  concepts  do  not fu l l y correspond  s i nce  
at frequencies  below 1  MHz remote  coupl i ng  may occur under near-fie l d  cond i tions  whereas  
for frequencies  above  abou t 30  MHz close  coupl i ng  may occur under far-fie l d  cond i ti ons.  I n  
the  majori ty of practica l  s i tuations ,  however,  the  good  correspondence between  close/remote  
coupl ing  and  near/far-fie ld  cond i tions  i s  usefu l  i n  evaluation  of coupl i ng  aspects .  

I t  shou ld  be  noted  that fie ld -strength  measurements ,  wh ich  are  normal l y used  for evaluati ng  
remote  coupl ing  characteristics,  are  actual l y carried  ou t under near-fie ld  cond i ti ons  i n  the  
l ower end  of the  frequency range.  

Whereas  close  and  remote  coupl i ng  are  general l y used  to  describe  a  d i rect  coupl i ng  path  
between  noise  source  and  receiving  antenna  by means  of e lectric,  magnetic  or rad iation  
fie l ds,  an  add i tional  coupl ing  mode  i s  conduction  coupl i ng .  I n  th is  case,  the  noise  s ignal  i s  
conducted  by the  mains  network from  the  mains  ou tput of the  source  to  the  mains  i npu t of the  
receiver,  see  a lso  F igure  3 ,  paths  a1  and  a2.  I ns ide  the  receiver the  noise  s i gnal  i s  coupled  
from  the  mains  port(s)  to  sensi ti ve  ci rcu i ts  of the  receiver,  as  e . g .  to  i ts  antenna  port,  or to  i ts  
I F  ampl i fi er ci rcu i try.  Th is  must be  taken  i n to  account when  determ in ing  the  receiver's  
immun i ty requ i rements  to  i n j ected  in -band  RF  d isturbances  at  i ts  mains  port.  

Some wel l -known  d i fferences  exist between  near-fie l d  and  far-fiel d  rad iation  characteristics ,  
and  therefore  a lso  for most cl ose  and  remote  coupl ing  cases.  

– Under far-fie ld  cond i ti ons  wi th  free-space propagation  the  re lation  between  electric and  
magnetic components  of the  fi e ld  i s  fixed  and  wel l  defined ,  the  re lation  under near-fie ld  
cond i ti ons  i s  rather undefined ,  i f the  source  and  coupl ing  path  characteristics  are  not  
known.  

– Under far-fie l d  cond i tions  the  attenuation  formu la  i s  
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NOTE  The  attenuation  factor a  describes  the  relati on  of the  fi e l d  strength  E1  (or H1 )  found  at  d i stance  d1  to  the  
fi e l d  strength  E2  (or H2)  found  at  d i stance  d2 .  Factor k  may e. g .  be  i n terpreted  as  an  add i t i ona l  attenuation  factor 
i n troduced  by a  wal l  a l l ocated  between  the  measurement  l ocations  at  d i stances  d1  and  d2 .  

 

where  

a          =   attenuation  factor;  

E1 ,  H1  =  absolu te  value  of the  fie l d  s trength  observed  at  a  l ocation  sti l l  i n  the  far fi e ld ,  bu t  

close  to  the  source;  
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E2 ,  H2  =  absolu te  va lue  of the  fi e ld  s trength  observed  at a  location  i n  a  more  remote  

d istance  d2  than  d1 ,  from  the  source;  

k          =   correction  factor ( i n  the  range  1  to  1 0)  coun ting  e . g .  for the  screen ing  effecti veness  
of bu i l d ings  the  noise  source  i s  a l l ocated  i n ,  or for other absorbing  obstacles  
a l l ocated  i n  between  the  considered  l ocations  at  the  d is tances  d1  and  d2 ;  

d1         =   smal l  d istance  i n  the  far fi el d  range,  bu t  close  to  the  l ocation  of the  source;  

d2         =   measurement d is tance  more  remote  from  the  source;  

x          =  propagation  coefficien t,  wh ich  is  1  i n  free-space propagation  and  somewhat h igher 
(1  to  1 , 5)  for non-free-space  propagation .  

Under near-fie ld  cond i tions  the  propagation  coefficien t x  i s  more  complex and  dependen t on  
the  magnetic  or electric component wi th  typical  values  between  2  and  3 .  

For th is  reason ,  i t  i s  much  easier to  develop  a  model  for remote  coupl i ng  cond i tions  than  for 
cl ose  coupl i ng  s i tuations  and  for conduction  coupl ing  paths.  Such  a  model  i s  necessary to  
derive  em iss ion  l im i ts  for a  general  i n terference envi ronment.  

5.3.2  Measuring  methods  

The measuring  method  is  of major importance  for speci fication  of a  rad io  frequency 
d isturbance l im i t.  Several  measuring  methods  are  appl i ed  and  a  short survey i s  g i ven  i n  the  
fol l owing  paragraphs.  I n  a l l  measurements,  the  measuring  i nstrument i s  a  se lecti ve  
m icrovol tmeter (CISPR receiver)  as  speci fi ed  for the  relevant frequency range.  

5.3.2 .1  Disturbance  vol tage/current at  mains  ports  

I n  the  l ower frequency range  up  to  about 30  MHz,  the  mains  network may conduct any 
i n jected  RF  energy to  nearby users  connected  to  the  mains  and /or couple  part of the  RF  
energy to  nearby an tennas  i n  the  electric,  magnetic or rad iation  mode.  E lectric or magnetic 
fie l d  coupl i ng  to  nearby an tennas  in  th is  frequency range,  however,  i s  in  most cases  of m inor 
importance  compared  wi th  conduction  coupl i ng  through  the  mains  network.  Because  of the  RF  
ou tpu t vol tage  conduction  main l y coupl i ng  through  the  mains  network,  the  RF  ou tput vol tage  
at the  mains  port i s  used  as  a  measure  for the  i n terfering  poten tia l  of a lmost any type  of 
source  i n  th is  frequency range.  Th is  perm issib le  RF  ou tpu t d is turbance vol tage  at the  mains  
port of the  source  determ ines  the  m in imum  immuni ty requ i rements  of the  victim  receiver 
against i n j ected  in -band  RF  d isturbances  at  the  receiver's  mains  port.  

Th is  d isturbance vol tage  at mains  ports  i s  measured  by means  of an  arti fi cial  mains  network 
wh ich  isolates  the  source  from  the  mains  at RF  frequency and  wh ich  furn ishes  a  standard ized  
RF  load  to  the  source.  For measurement of conducted  d isturbances,  the  arti ficia l  mains  

network general l y recommended  by CISPR is  a  50  Ω/50  µH  V-network wh ich  i n troduces  a  
para l l el  impedance of 50  Ω/50  µH  between  each  l i ve  or neu tral  wi re  of the  mains  port  and  
reference  ground .  

Al though  not recommended  by CISPR yet,  the  asymmetric current i n  the  mains  cable,  
measured  by means  of a  curren t probe,  m igh t  be  used  as  a  measure  for the  rad iation  
capabi l i ty of the  source  as  a l ready speci fi ed  for te lecommunication  l ines.  

Current probe  measurements  of the  asymmetric d is turbance current i n  the  mains  cable  
requ i re  the  mains  port to  be  term inated  wi th  a  su i table  arti ficial  mains  network.  Th is  network 
shou ld  s imu late  the  typ ical  common  mode impedance and  RF  unbalance  (e. g .  g i ven  as  
l ong i tud ina l  convers ion  l oss  (LCL))  of the  mains  network and  shou ld  decouple  i ncom ing  
common  mode  d isturbances  from  the  mains  network s ide.  
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5.3.2 .2  Disturbance  vol tage at  signal  ports  

Imperfections  of the  symmetry i n  ci rcu i ts  carryi ng  wanted  symmetrical  s i gnals  wi l l  produce 
unwan ted  asymmetric s ignals  at the  re lated  ports  and  cables  connected  thereto.  I n  
asymmetric  (coaxial )  ports  unwanted  external  curren ts  can  be  conducted  i n  the  ou ter surface  
of the  screen  because  of imperfect screen ing .  These  asymmetric s ignals  and  external  screen  
curren ts  may couple  energy by i nductive  or rad iation  fi e lds  to  nearby or remote  an tennas.  

The  asymmetric  vol tages  can  be  measured  by means  of an  arti ficia l  l oad ing  network.  I n  th is  
case  the  use  of an  asymmetric arti ficia l  network (AAN)  instead  of a  V-network i s  preferred .  

5.3.2 .3  Disturbance  power measurements  wi th  the  absorbing  clamp  

The  asymmetric RF  current i n  a  l ead  or on  the  outer surface  of the  screen  of a  screened  cable  
wi l l  rad iate  energy to  nearby or remote  an tennas  depend ing  on  frequency,  l ength  and  
configuration  of the  connected  cable .  Th is  i s  parti cu larl y important at VHF  and  UHF  i n  wh ich  
frequency ranges  the  external  l ead  of the  appl i ance  has  a  l ength  wh ich  i s  i n  the  order of a  hal f 
wavelength  or longer.  

The  absorbing  clamp i s  a  device  wh ich  g i ves  measuring  resu l ts  i n  a  good  correspondence 
wi th  the  d isturbance power that can  be  rad iated  from  the  external  lead  of the  appl iance.  

Under th is  cond i ti on  the  d isturbance power conducted  th rough  the  mains  l ead  and  measured  
by the  absorbing  clamp i s  a  good  measure  for the  d isturbance poten tia l .  I f the  d imensions  of 
the  source  are  not smal l  compared  wi th  wavelength ,  a  l arger part of the  d i sturbance's  energy 
wi l l  be  rad iated  d i rectl y and  the  absorbing  clamp measurement i s  l ess  re l i able.  

Because  broadband  d isturbance i s ,  i n  general ,  of l ess  importance  at frequencies  above  
300  MHz the  absorbing  clamp is  recommended  for the  measurement of smal l  appl i ances  in  
the  frequency range  30  MHz to  300  MHz.  

5.3.2 .4  Field-strength  measurement  

The fie l d  strength  caused  by d isturbance sources  i s  l i kel y to  be  the  most stra igh tforward  
cri terion  for the  i n terference potential  of such  a  source,  because  i t  i s  more  d i rectl y 
comparable  wi th  the  wanted  fi e ld  strength  at  the  antenna  of a  rad io  receiver particu larl y for 
remote  coupl ing  anal ys is .  

A source  rad iates  RF  energy from  i ts  case  or cabinet i f a  coupl i ng  path  exists  between  
i n ternal  noise  source  and  external  case  or cabinet and  i f the  d imensions  of the  case  or 
cabinet are  of the  order of one  wavelength .  For practica l  reasons  the  e lectric  component of 
the  fi e l d  i s  measured  i n  the  frequency range  above 30  MHz (by means  of d ipole  an tennas)  
and  the  magnetic component of the  fi e l d  below 30  MHz (by means  of l oop  an tennas).  

F ie ld -strength  measurements  have  a  number of practica l  d rawbacks.  The  i n fl uence  of 
surround ing  reflections  shou ld  be  e l im inated  wh ich  is  usual l y met by us ing  an  open  area  test 
s i te  (OATS).  Such  a  test  s i te  i n troduces  inaccuracies  by variable  reflections  from  the  operator 
and  from  the  ground  ( i n fluence of moisture  and  season)  and  by i n terference from  ambient  
transm itter fie lds.  I t  a lso  i ncreases  the  work time due  to  poor weather and  other cl imatic  
cond i ti ons.  These  drawbacks  can  be  partl y e l im inated  by use  of anechoic rooms in  the  
frequency range  above  30  MHz.  

Another d rawback of fie l d -streng th  measurements  i s  the  complex EUT rad iation  pattern  wh ich  
a lso  depends  on  the  test set-up.  I t  therefore  requ i res  measurements  i n  various  d i rections  and  
an  accuratel y speci fied  test set-up.  
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5.3.2 .5  Rad iation  substi tution  measurements  

I n  order to  reduce the  effect of surround ing  reflections  i n  fi e ld -strength  measurements ,  the  
source  under test i s  replaced  by a  rad iator of speci fied  characteristics  and  an  ad justable  
ou tpu t l evel  (usual l y a  d ipole  connected  to  a  ca l i brated  RF  generator)  to  produce the  same  
fie l d  streng th  under equal  envi ronmental  cond i ti ons.  The  RFI  of the  appl iance  is  expressed  as  
the  equ ivalent power rad iated  from  the  substi tu tion  rad iator.  Th is  method  i s  often  used  at  
frequencies  above  1  GHz.  

5.3.2 .6  Disturbance  power measurements  wi th  a  reverberating  chamber 

The reverberating  chamber method  i n  essence is  a  rad iation  substi tu tion  method  i ns ide  a  
screened  cage  and  can  be  used  i n  the  frequency range  above 300  MHz.  By us ing  rotating  
reflection  p lates  (mode  sti rrers) ,  the  stand ing  wave patterns  ins ide  the  cage  are  conti nuousl y 
varied  i n  such  a  way that the  time averaged  fi el d  streng th  is  nearl y i ndependent of the  
pos i tion  i ns ide  the  cage.  Therefore,  the  source  under test and  the  substi tu tion  source  need  
not be  at exactl y the  same pos i ti on  and  the  cal i bration  procedure  for the  rad iated  power i s  
much  s impler than  i n  the  normal  substi tu tion  method .  

5.3.2 .7  Frequency considerations  with  respect to  measuring  methods  

As i nd icated  earl i er,  rad iation  of a  device  and  i ts  connected  cables,  and  particu larl y of the  
mains  cables,  depend  on  the  s i ze  of the  device  and  of the  cables  compared  wi th  wavelength  
(frequency).  The  fol lowing  table  g ives  a  general  survey of the  usefu lness  of various  
measuring  methods  wi th  respect to  the  frequency bands  (subd ivided  accord ing  to  CISPR 
Recommendations).  I t  shou ld  be  noted  that the  frequency ranges  are  on l y for i nd ication  and  
the  quoted  valuation  g i ven  for gu idance.  

Table  2  – Gu idance survey of RFI  measuring  methods  

Frequency  

MHz 

Mains  & 
s ignal  port 
vol tage  

Asymmetrical  
curren t  

Absorbing  
clamp 

Field   
strength  

Substi tu tion  
rad iation  

Reverberation  
chamber 

0, 009  to  0 , 1 5  +  +  – 0  – – 

0 , 1 5  to  30  +  +  – 0  – – 

30  to  300  – 0  +  +  0  – 

300  to  1  000  – 0  0  +  +  0  

Above  1  000  – – – +  +  0  

Where   

+  =  to  be  recommended ;  

0  =  usabl e;  

– =  not  normal l y usabl e.  

 

5.3.3  Disturbance  s ignal  waveforms and  associated  spectra  

An  important aspect i s  the  RF  spectrum  wh ich  i s  associated  wi th  the  s i gnal  waveform .  As 
most rad io  services  use  re lati vel y narrow frequency channels,  the  spectrum  (frequency 
domain)  i s  cons idered  of major importance  compared  wi th  the  waveform  (time domain) .  
Therefore  the  fol lowing  d i sti nction  is  made.  

Narrowband  rad io  frequency i n terference (RFI )  effects  occur when  the  d isturbance s ignal  
occupies  a  bandwid th  smal l er than  the  rad io  channel  of i n terest or the  measuring  receiver.  
The  d isturbance  spectrum  may cons ist of a  s i ng le  frequency produced  by a  s i newave  
osci l l ator of med ium  or h igh  RF  power ( i . e.  by RF  I SM  equ ipment)  or of low power ( i . e .  by 
e lectron ic ci rcu i ts,  receiver osci l lators).  The  osci l lator cou ld  be  modu lated  by the  mains  
frequency.  Osci l l ator frequencies  can  be  generated  over the  en ti re  usable  frequency 
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spectrum .  The  effect of narrowband  d isturbance i s  considered  by CISPR over the  frequency 
range  9  kHz to  1 8  GHz.  

– Narrowband  RFI  from  a  d isturbance wi th  a  rather broadband  spectrum  of d iscrete  
frequencies  – Pu lse  waveforms  derived  from  a  d i g i ta l  clock osci l lator con tain  d iscrete  
harmon ic  frequencies  i n  a  wide  frequency range  (broadband  spectrum).  For fundamental  
(clock)  frequencies  appreciabl y h igher than  the  bandwid th  of the  rad io  channel ,  not  more  
than  one  separate  spectral  l i ne  can  coincide  wi th  the  rad io  channel  and  such  a  spectral  
l i ne  i s  cons idered  as  narrowband  RFI .  Clock osci l lators  of computers  are  often  d i thered  
( i . e .  are  us ing  frequency modu lation  on  the  clock).  

– Continuous  broadband  RFI  – Gaussian  noise  generated  by gas  d ischarge  devices  
( l i gh ti ng)  produces  con ti nuousl y a  fl at spectrum  during  the  operation  of the  device.  
Repeti ti ve  pu lses  produce  a  wide  spectrum  con ta in ing  various  d iscrete  spectra l  l i nes.  At 
repeti tion  rates  much  lower than  the  rad io  channel  bandwid th  many spectra l  l ines  occur 
wi th in  the  channel  (broadband  RFI ) ,  orig i nating  for example,  from  pu lses  derived  from  the  
mains  frequency (commutator motors,  sem iconductor-control led  vol tage  regu lators).  

The  spectrum  ampl i tude  of repeti ti ve  pu lses  decreases  above the  trans i tion  frequency (the  
reciprocal  of the  pu lse  wid th)  at 20  dB  or 40  dB  per decade,  dependent on  the  pu lse 
shape.  Continuous  broadband  i n terference  (as  e. g .  from  spark ign i tion  noise,  arc weld ing  
equ ipment,  etc. )  i s  considered  by CISPR over the  frequency range  1 50  kHz to  1  GHz or 
h igher.  

Broadband  RFI  may a lso  be  caused  by d isturbances  or wanted  s i gna ls  from  RF  I SM  
equ ipment,  as  e. g .  m icrowave  ovens.  There  are  two main  types  of m icrowave ovens  
depend ing  on  the  power suppl y,  those  wi th  a  transformer and  those  wi th  a  swi tched  mode 
power suppl y.  

– D iscontinuous  broadband  RFI  – Swi tch ing  operations  by means  of a  hard  con tact (spark)  
generates  short bursts  of noise.  Short-duration  bursts  of d isturbances  may cause  less  
severe  in terference effects  than  l ong-duration  bursts  depend ing ,  however,  on  the  average  
repeti tion  rate  of the  bursts.  

For th is  reason  CISPR a l lows  a  re laxation  wi th  respect to  the  l im i t  of continuous  
d isturbances  for short bursts  wi th  a  duration  of l ess  than  200  ms  and  wi th  a  repeti ti on  
rate  N  of l ess  than  30  cl icks  per m inu te.  Th is  relaxation  factor equals  20  l og  30/N .  The  
frequency spectrum  of such  cl icks  i s  not essentia l l y d i fferen t from  that of con tinuous  
broadband  i n terference.  

5.3.4  Characteristics  of in terfered  rad io  services  

The characteristics  of rad io  services  wi th  respect to  RFI  are  very importan t as  wel l .  I n  
res identia l  areas,  rad io  services  wh ich  can  su ffer from  RFI  are  e . g .  rad io  broadcasting ,  
amateur rad io,  and  ( land)  mobi le  rad io  commun ication .  AM  sound  broadcasting  operates  at  
frequencies  below 30  MHz and  FM  (stereo)  sound  broadcasting  between  64  MHz and  
1 08  MHz.  TV broadcasting  uses  various  channels  i n  the  range  between  50  MHz and  900  MHz,  
the  p icture  s i gnal  being  modu lated  in  AM-VSB  and  the  sound  s ignal  i n  e i ther AM  or FM  
depend ing  on  the  TV standard  in  use.  Broadcasting  a lso  takes  p lace  i n  the  bands  between  
1 1  GHz and  1 3  GHz.  Amateur rad io  frequency bands  are  widel y spread  over the  whole  RF  
range  and  are  a l l ocated  i n  the  short  wave  up  to  the  m icro  wave frequency bands.  

Analogue  sound  and  TV broadcasting  are  going  to  be  replaced  by broadcasting  wi th  d i g i tal  
modu lation ,  l i ke  D ig i ta l  Rad io  Mond ia l e  (DRM)  wh ich  i s  i n tended  to  replace  the  AM  rad io  i n  
the  med ium  frequency (MF)  and  h igh  frequency (HF)  bands,  D ig i tal  Aud io  Broadcasting  (DAB 
or T-DAB)  operated  i n  the  VHF  and  UHF  bands,  and  D ig i ta l  Video  Broadcasting  Terrestria l  
(DVB-T)  operated  i n  the  UHF  bands.  These  d ig i ta l  rad io  services  requ i re  l ower RF  protection  
ratios  (1 7  dB  for DRM,  20  dB  for DVB-T and  28  dB  for DAB)  than  rad io  services  wi th  analogue  
modu lation  (where  RF  protection  ratios  of about 27  dB  for AM ,  about 48  dB  for FM  and  about  
58  dB  for TV are  requ i red).  On  the  other hand ,  the  transi ti on  between  the  i n terference  l evel  
defined  by the  m in imum  wanted  fie ld  s trength  m inus  the  protection  ratio  and  the  d is turbance  
wh ich  causes  unacceptable  i n terference is  narrower than  for analogue  modu lation .  
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I n  res identia l  areas  wi th  private  receiving  an tennas  propagation  of d isturbances  by rad iation  
from  noise  sources  and  from  mains  cables  i s  of major importance.  Broadcast s ignals  
d istribu ted  through  a  cable  (CATV)  system  are  l ess  vu lnerable  because  of the  more  su i table  
l ocation  wh ich  can  be  selected  for the  common  receiving  an tenna  ( i . e.  for the  head  station) ,  
bu t i f i n  such  cases  d i sturbances  are  coupled  to  such  an  antenna  i n terference may be  
experienced  by a l l  subscribers  connected  to  such  a  system .  

Satel l i te  broadcast s ignals  i n  the  1 2  GHz range  are  general l y not d isturbed  by broadband  
sources  because  of the  l im i ted  frequency spectrum  of broadband  sources.  The  risk main l y 
depends  upon  the  frequencies  chosen  for the  fi rst  i n termed iate  frequency band  at the  
receiver.  

The  annoyance to  the  broadcast s ignal  depends  on  the  d is tu rbance  s i gnal  waveform .  
Narrowband  and  broadband  sources  produce d i fferent types  of annoyance.  Subj ecti ve  tests  
have  shown  that for equ ivalent  subjecti ve  assessment,  narrowband  d isturbance shou ld  be  of 
s ign i ficantl y l ower ampl i tude  than  broadband  d isturbance (quas i -peak measured)  i n  the  
0, 1 5  MHz to  30  MHz range.  Assessment of d isturbance to  d ig i tal  rad io  services  i s  based  on  
the  bi t-error probabi l i ty (BEP).  Tests  have  shown  that the  weighti ng  of impu ls ive  d istu rbance  
for i ts  effect  on  d ig i tal  rad io  communication  services  i s  general l y d i fferent from  the  effect on  
rad io  communication  services  that  use  analogue  modu lation .  

The  i n fl uence of the  repeti tion  rate  of rapid  pu lses  in  a  broadcast channel  i s  accounted  for in  
the  quasi -peak detector characteristic,  the  effect of l ow rate  pu lses  (cl icks)  by the  20  l og  30/N  
re laxation  to  the  l im i t.  I n  mobi le  communication  ( i n  o l der systems main l y narrowband  FM,  now 
replaced  by d i g i tal  mobi le  communication  systems such  as  TDMA (e. g .  GSM ,  PDC)  and  
CDMA (e. g .  cdmaONE,  WCDMA,  cdma2000  etc. ) ,  traffic noise  sources  ( i . e.  i gn i ti on  
i n terference)  are  the  major source  of RFI .  I n  th is  respect the  base  station  antenna  is  i n  a  
more  favourable  posi tion  wi th  respect to  RFI  s ignals  than  the  mobi l e  an tenna  because  of i ts  
h igher location .  Mobi l e  antennas  on  the  other hand  change thei r pos i tion  con tinuousl y and  are  
therefore  l ess  vu lnerable  to  stationary noise  sources.  For the  calcu lation  of em ission  l im i ts  i n  
the  frequency range  above 1  GHz a  detector wi th  a  weighting  function  appropriate  for d ig i ta l l y 
modu lated  rad io  services  may be  considered .  

Broadcasting  and  mobi le  services  may be  in terfered  by narrowband  sources  as  wel l  (RF  I SM  
equ ipment,  data  process ing  equ ipment,  receiver osci l l ators ,  etc. ) .  The  wanted  rad iated  RF  
power from  RF  I SM  equ ipment may be  several  orders  h i gher than  the  l evel  from  broadband  
sources  a l though  the  d i stances  between  those  sources  ( i ndustrial  areas)  and  the  victim  
receivers  are  normal l y l onger.  The  d isturb ing  energy,  however,  i s  main l y concentrated  i n  a  
very narrow frequency band .  For th is  reason  a  number of frequency bands  is  reserved  for 
typical  I SM  appl ications.  

I n  add i tion  to  broadcasting  and  mobi l e  rad io  services,  many d i fferen t professional  rad io  
services  such  as  fixed ,  aeronautical  navigation ,  aeronau tica l  mobi le ,  mari time  mobi l e,  
rad io location ,  s tandard  frequency and  time,  meteorolog ical  a ids  and  rad io  astronomy services  
are  i n  use.  Other professional  rad io  services  (navigation ,  fi xed  services,  satel l i te  and  
m icrowave communication)  are,  i n  general ,  l ess  vu lnerable  to  rad io  i n terference because  of 
the  use  of h igher frequencies  (greater than  1  000  MHz i n  wh ich  broadband  i n terference i s  
neg l ig ib le),  more  favourable  an tenna  l ocations,  soph isticated  systems  (modu lation ,  cod ing ,  
an tenna  d i recti vi ty)  and  technology (screen ing ,  fi l tering) .  

5.3.5  Operational  aspects  

Noise  sources  i n  residen tia l  areas  main l y consist of mass-produced  devices  for domestic and  
sometimes  for profess ional  use.  Such  appl iances  are  tested  accord ing  to  statis tical  
procedures  wh ich  impl ies  that a  restricted  percentage  of p  per cen t fu l fi l s  the  l im i t  wi th  a  
l im i ted  confidence q  per cent.  Smal l  batches  reduce  the  fi gures  p  and  q  and  CISPR 
recommends  a  value  for both  p  and  q  of 80  per cen t (80%  -  80%  ru le).  The  ru le  i s  i n  general  
adequate  to  protect non-vi ta l  rad io  services  l i ke  broadcast and  most land  mobi le  
communication .  
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For cri tica l  or safety re lated  rad io  services,  however,  a  much  h igher degree  of confidence i s  
necessary.  The  actual  annoyance  i n  an  i n terfered  rad io  service  does  not on l y depend  on  the  
RFI  fi e l d  streng th ,  bu t on  the  wanted  s ignal  l evel  as  wel l .  The  ratio  of wanted -to-unwanted  
i npu t l evel  wh ich  procures  a  pre-defined  and  j ust sti l l  perm issib le  m in imum  qual i ty of 
performance  of the  receiver i s  ca l l ed  RF  protection  ratio  Rp .  Th is  way,  the  wanted  s ignal  l evel  

needed  to  get at  l east the  pre-defined  m in imum  qual i ty of performance depends  on  the  natura l  
and  man-made noise  level  and  wh ich ,  in  certa in  envi ronments ,  may be  much  h igher than  the  
receiver's  i n trins ic  noise  l evel ,  particu larl y i n  the  l ower part of the  rad io  frequency range.  

I n  establ ish ing  l im i ts  for various  types  of noise  sources  i t  i s  importan t to  stri ve  for l im i ts  wh ich  
have  an  equal  effect on  the  rad io  services  to  be  protected .  The  users  of such  a  service  are  
not in terested  i n  the  type  of source  wh ich  causes  RFI .  Therefore  d isturbances  from  a l l  types  
of sources  shou ld  be  suppressed  as  much  as  poss ible  to  an  equal  l evel  of noise  ou tput.  

5.3.6  Cri teria  for the  determination  of l imits  

5.3.6.1  Remote  coupl ing  

For remote  coupl i ng  s i tuations  the  fie l d  streng th  at a  speci fied  d is tance  from  the  noise  source  
i s  used  as  a  characteristic for the  i n terference  potential  of the  source.  The  fo l l owing  model  
(see  F igure  2)  was  developed  to  derive  rad iation  l im i ts  for the  case  of i n -band  in terference 
( i . e .  i n terference appearing  i n  the  tuned  channel  of the  victim  receiver)  caused  by RF  I SM  
equ ipment.  For the  re levant rad io  services  in  the  a l l ocated  frequency bands  the  RF  protection  
ratio  i s  determ ined .  I n  I TU  documents,  th is  protection  ratio  i s  g iven  for d is turbing  rad io  
services  wi th  the  same modu lation .  The  protection  ratio  for any other type  of d isturbance  
rad iation ,  as  e. g .  for typ ical  e l ectromagnetic d is turbances  from  other e lectrical  or e l ectron ic 
apparatus,  may be  d i fferen t.  
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Legend :  

e i r  =  ew  / rp  

e i r   =  perm iss ib le  i n terference  fi e l d  strength  at  the  posi ti on  of the  an tenna  of the  vi ctim  receiver R  

ew   =  wanted  s i gna l  fi e l d  strength  to  be  protected  at  d i stance  r a t  the  posi ti on  of the  an tenna  of the  vi ctim  

recei ver R (deri ved  from  I TU  speci fi cations)  

rp   =  protection  rati o,  i . e.  m in imum  s i gnal -to- i n terference  rati o  needed  at  the  posi ti on  of the  an tenna  of the  

vi ctim  receiver to  guaran tee  a  certa in  qual i ty of rad io  reception  (deri ved  from  I TU  speci fi cati ons)  

e i  =  e i r m i r lb  p  (r/d)
x  

e i  =  regu lated  d i sturbance  fi e l d  s trength  (CI SPR l im i t)  for sources  of d i stu rbance,  i . e.  other e l ectri c  and  

e l ectron ic equ i pment and  apparatus,  at  measuring  d i stance  d,  i . e .  at  the  posi ti on  of the  an tenna  of the  
measuring  recei ver M   

m i r  =  factor for pol ari zati on  match  between  pol ari sati on  of e i r and  polari sation  of the  an tenna  of the  vi ctim  

recei ver 

lb  =  screen i ng  factor of bu i l d i ngs  or other obstacles  

p   =  complex stati sti cal  probabi l i ty  factor,  for cons iderations  i n  th i s  sub-clause  defi ned  to  be  1 ,  g enera l l y  
e l aborated  i n  5 . 2 ,  and  i n  detai l  i n  5. 4.  Fu rther on  i n  th i s  report,  separate  components  of th i s  complex 
probabi l i ty factor p  may be  denoted  more  general l y as  " i n fl uence  factors" .  

x   =  wave  propagation  coeffi cien t  

NOTE  The  equations  above  are  on ly va l i d  for absolu te  phys ical  quan ti ti es .  

Figure 2  – Model  for remote  coupl ing  si tuation  derived   
d isturbance  fi eld  strength  ei r at receiving  d istance  r 

Expressed  i n  l ogari thm ic quan ti ti es,  the  perm issible  i n terference  fie ld  strength  Ei r  a t  the  

an tenna  i npu t of the  victim  receiver i s  the  m in imum  (or nom inal )  wanted  fie l d  s trength  Ew  

m inus  the  protection  ratio  Rp :  

 Ei r  =  Ew  –  Rp  

A m in imum  operational  d istance  r between  noise  source  and  receiving  an tenna  i s  speci fied  
and  wi th  the  use  of an  estimated  or empirical  wave propagation  factor x,  the  acceptable  
d isturbance fie l d  s trength  Ei  at  a  speci fi ed  measuring  d istance  d  i s  calcu lated :  

 Ei  =  Ew  – Rp  +  x•20  l g  (r/d)  
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Next some add i tional  factors ,  as  e. g .  the  screen ing  factor of bu i l d i ngs  or other obstacles  Lb  

and  the  factor for polarization  match  Mi r,  shou ld  be  i n troduced .  Furthermore,  a  s tatistical  

factor P  on  the  probabi l i ty of actual  i n terference under operational  cond i tions  shou ld  be  used  
to  adapt the  calcu lated  acceptable  d isturbance  fie l d  strength  Ei  to  normal  cond i ti ons  found  in  

practice:  

 Ei  =  Ew  – Rp  +  Mi r  +  Lb  +  P  +  x•20  l g  (r/d)  

Such  a  probabi l i ty factor P  shou ld  take  i n to  account statis tics  of antenna  d i recti vi ty ( in  the  
d i rection  of the  wanted  transm itter and  of the  in terference  source),  d istance  variations,  
propagation  variations,  time coincidence,  etc.  (see  a lso  5. 4).  

Add ing  the  screen ing  factor of bu i l d ings  or other obstacles  Lb ,  the  factor for polarization  

match  Mi r,  and  the  decoupl i ng  attenuation  via  d i stance  Lo  =  x•20  l g  (r/d)  i n to  one  new term  L  

and  setti ng  the  s tatistical  probabi l i ty factor P  to  1 ,  we  eventual l y get:  

 Ei  =  Ew  – Rp+  L  

where  L  actual l y represents  a l l  re laxations  i n  the  l im i ts  agreeable  by CISPR i n  terms  of EMC 
due  to  add i ti onal  decoupl ing  from  the  victim  receiver for d isturbances  from  electric  and/or 
e lectron ic equ ipment re lati ve  to  the  maximum  perm issib le  i n terference fie ld  s trength  Ei r  a t  the  

an tenna  i npu t of a  victim  receiver R,  ca lcu lable  from  the  rad io  parameters  speci fied  by I TU .  

Accompl ish ing  the  above  calcu lation  by considerations  to  probabi l i ty of i n terference,  the  fi nal  
resu l t  of th is  procedure  wi l l  be  a  calcu lated  l im i t  wh ich  is  a  good  bas is  for an  operational  l im i t  
guaran teeing  that the  requ i rements  of the  protection  ratio  Rp  are  met on  a  statis tical  bas is  

(x % of the  actual  cases).  I t  shou ld  be  noted  that rel i able  s tatistical  va lues  for most of the  
parameters  mentioned  above are  sti l l  not avai l ab le  to  CISPR,  and  that i n  those  cases  rough  
estimations  can  be  used  on l y.  

Moreover the  i n terfering  effect of s ignals  i n  the  ou t-of-band  domain  is  more  complex because  
of the  selecti vi ty and  non -l ineari ty characteristics  of the  receiver wh ich  can  d i ffer from  case  to  
case.  

5.3.6.2  Close coupl ing  

A s imple  model  for cl ose  coupl i ng  s i tuations  i s  g i ven  in  F igure  3.  The  noise  source  is  
cons idered  as  an  RF  generator wi th  an  e .m . f.  Us  and  an  i n ternal  impedance  Zs  for each  mains  

connector/earth  combination  (for s impl ici ty on l y one  mains  connector i s  shown).  The  mains  
network i s  connected  between  the  noise  source  and  the  i n terfered  receiver.  The  mains  
network offers  a  RF  impedance  Zm  to  the  source  and  transfers  the  energy from  the  noise  

source  to  the  mains  i nput port  of the  receiver.  

I n  add i ti on ,  part of the  conducted  RF  energy is  propagated  as  a  magnetic  and  e lectric fie ld .  
For the  close  coupl i ng  s i tuations  general l y,  near-fiel d  cond i ti ons  exist (ratio  e lectric/magnetic  
component undefined) .  

Two  coupl ing  paths  exist between  noise  source  and  receiving  antenna:  

a)  the  path  of d is turbance conducted  a long  the  mains  network,  the  mains  suppl y ci rcu i t of the  
receiver and  common  ground  of the  receiver's  e l ectron ic ci rcu i try to  the  g round ing  poin t of 
the  receivers  RF  i npu t stage,  and  then  via  i ts  an tenna  port input impedance  to  the  an tenna  
i tse l f (path  a1 ),  together wi th  the  coupl ing  between  the  mains  suppl y ci rcu i t  and  other 
RF  ci rcu i ts  i nside  the  receiver (path  a2).  Paths  a1  and  a2  take  effect on l y i n  case  of mains  
powered  receivers;  
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b)  the  path  of d is turbance conducted  a long  and  rad iated  by the  mains  network and  coupled  
d i rectl y to  the  external  or bu i l t- i n  antenna  of the  receiver.  Path  b  exists  for both ,  AC mains  
and  battery powered  receivers .  

 

Noise source 
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RF   IF   AF  

Mains  
supply  

Path a 

Path  b 

Path a1  

Path a2 

Mains network 

Zs  

U Zm  
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Figure 3  – Model  for close  coupl ing  si tuations  

I n  the  case  of external  antennas,  the  RF  power coupled  through  externa l  path  b)  exceeds  the  
power via  path  a1  and  a2  appreciabl y.  Moreover the  i n ternal  coupl i ng  via  a2  i s  determ ined  by 
the  mains  immun i ty characteristics  of the  receiver,  i . e .  by the  screen ing  effectiveness  of the 
i n ternal  I F  and  AF  ci rcu i try of the  receiver,  and  i t  has  been  shown  that  i t  i s  not  d i fficu l t  to  
con trol  the  mains  immun i ty factor of a  receiver to  an  adequate  l evel .  Th is  i s  however not the  
case  for path  a1  s ince  the  coupl ing  a lways  happens  at  the  an tenna  port via  the  RF  i npu t 
impedance of the  receiver's  RF  i npu t stage.  Therefore  the  attention  is  main l y focused  on  
path  b  and  path  a1 ).  Due  to  so  far l acking  investigation ,  for i n ternal  ferri te  an tennas  no  clear 
d isti nction  can  be  made  between  paths  a)  and  b).  For bu i ld - i n  rod-an tennas  (used  i n  the  
frequency range  1 , 7  to  30  MHz)  clear d is tinction  can  be  made between  path  a1  and  path  b .  
For calcu lation  of CISPR l im i ts  i n  frequency bands  up  to  30  MHz used  for AM  rad io  
broadcasting ,  i t  shou ld  be  taken  in to  account  that I TU -R Rec.  BS. 703  speci fies  a  receiver wi th  
bu i l t- i n  an tennas  (ferri te  or te lescopic rod  antennas,  depend ing  on  frequency range)  as  the  
reference  receiver.  

The  model l ing  starts  the  same way as  i n  the  case  of remote  coupl i ng .  The  acceptable  
d isturbance  fi e ld  strength  at  the  receiving  an tenna  is  ca lcu lated  from  the  RF  protection  ratio  
and  fie ld  strength  to  be  protected  i n  the  relevant frequency bands.  I n  the  next s tep  the  
coupl ing  factor i s  measured  from  mains  i npu t (RF-vol tage)  to  fi e l d  strength  at the  an tenna.  I t  
i s ,  however,  more  usual  to  defi ne  a  transfer factor as  the  ratio  of the  RF-vol tage  i n j ected  in to  
the  mains  and  the  antenna  output vol tage  (for a  speci fied  an tenna).  Th is  factor i s  known  as  
the  mains  decoupl i ng  factor.  Because  of the  wide  spread  i n  actual  s i tuations,  extens ive  
statistical  material  i s  needed  to  found  a  basis  for d isturbance l im i ts  derived  from  mains  
decoupl i ng  factors.  CI SPR Report No.  31  (“Values  of mains  decoupl i ng  factor i n  the  range  
0 , 1  MHz to  200  MHz” ,  see  Annex A)  shows med ian  values,  standard  deviations  and  m in imum  
va lues  of the  mains  decoupl ing  factor.  The  effect of coupl ing  path  a)  i s  described  in  5 . 5. 2. 1 ,  
whereas  the  effect of coupl ing  path  b)  for mains  and  te lecommunication  l i ne  coupl i ng  is  
described  in  5. 5. 2 . 2 .  

Another statistical  aspect  i n  the  ca lcu lation  of l im i ts  i n  th is  concept i s  the  variation  of the  RF-
impedance at the  mains  i npu t.  Al though  i nd ividual  decoupl ing  factors  are  determ ined  by the  
measured  vol tage,  i ndependent of the  actual  mains  impedance,  the  i n terference l im i t shal l  be  
defined  for a  fixed  s imu lated  impedance  (arti ficia l  mains  network impedance),  i n  order to  get 
reproducib le  measuring  resu l ts  during  CISPR d isturbance measurements  at s tandard ized  test 
s i tes .  I n  practice,  the  RF-load  impedance  of the  mains  network varies  from  l ocation  to  l ocation  
and  from  time to  time.  Th is  aspect shou ld  be  cons idered  i n  deriving  a  l im i t from  mains  
decoupl i ng  measuring  data.  
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I n  general ,  cl ose  coupl ing  of an  appl iance  connected  to  the  mains  can  sufficientl y be  
evaluated  by measurement of the  d is turbance vol tage  at i ts  mains  port.  For a  g i ven  mains  
network,  on l y one  un ique  set of l im i ts  for conducted  em issions  at the  mains  port of connected  
appl iances  shou ld  be  used .  As  a  consequence,  the  stricter l im i t  shou ld  appl y,  i f for the  mains  
port two  d i fferen t l im i ts  resu l t  from  the  l im i t ca lcu lation  for paths  a)  and  b) ,  respective l y.  

5.3.6.3  General  

The derivation  of l im i ts  from  a  hypothetica l  model  requ i res  the  i n troduction  of various  
experimental  data  i n  such  a  model .  As  these  data,  as  poin ted  ou t earl ier,  are  based  on  
statistical  measurements  under d i fferen t actual  ci rcumstances,  the  usefu lness  of such  data  for 
general  appl ication  i s  often  debatable.  

On  the  other hand ,  the  implementation  of suppress ion  measures  shou ld  be  considered  on  
phys ical ,  operational ,  manufacturing  and  not i n  the  l east on  econom ic aspects.  Therefore  the  
model  shou ld  be  used  as  a  worthwh i l e  starting  poin t bu t the  fi nal  l im i t  va lue  is  often  the  resu l t 
of an  agreement between  parties  i nvolved  after extens ive  cons iderations  and  negotiations.  

5.4 A mathematical  basis  for the  calcu lation  of CISPR l im its  

Th is  subclause  con tains  the  bas ic mathematica l  model  that can  be  used  for calcu lation  of 
CISPR l im i ts.  The  start-up  poin t i s  the  supposi ti on  that there  is  an  i denti fiable  probabi l i ty 
i nequal i ty to  be  satisfied ,  and  the  assumption  that the  parameters  obey a  l og-normal  
d istribu tion .  

5.4. 1  Generation  of EM  d isturbances  (source  of d isturbance)  

From  the  mathematical  poin t of view any l im i t must be  ca lcu lated  wi th  the  provis ion  that 
the  i nequal i ty  

 z  =  x/y ≥  1  (6)  

i s  satisfied  wi th  some probabi l i ty α .  

I f i n  Equation  (6)  x  and  y are  i ndependent random  values  of quanti ti es  (e. g .  of d isturbance  
s ignals,  immun i ty,  etc. ,  wh ich  i n fl uence  the  rad io  reception  qual i ty)  wi th  log-normal  
d istribu tion ,  then  1 0  l g  (x)  =  X (dB)  and  1 0  l g  (y)  =  Y (dB)  wi l l  have  normal  d istribu tion  wi th  

parameters  µx  (dB) ,  µy  (dB),  σx  (dB)  and  σy  (dB) .  Hence  X – Y =  Z (dB)  wi l l  have  a  normal  

d istribu tion  wi th  the  parameters  

 µz  =  µx  –  µy  and  [ ] 2/122
yxz σσσ +=  

I n  th is  case  
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where  F  denotes  the  normal  N(0, 1 )  d is tribu tion  function  (see  [1 ] 4) .  

The  re l iab i l i ty of obtain ing  a  pre-set  l evel  α  for the  qual i ty of a  rad io  service  is  expressed  by:  

 





 ≥= 1
y

x
Pα ,  therefore:   ( ) αα

σ
µ

tF -

Z

Z == 1  (7a)  

————————— 
4)  F i gu res  i n  square  brackets  refer to  the  B i b l i ography.   
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where  tα  i s  the  α-quan ti le  of the  central i zed  normal  d is tribu tion  (see  [1 ] ,  page  1 80) .  

Solving  Equation  (7a)  re lati ve  to  µx  or µy,  we  get:   

 µx  =  µy +  tασz  (8)  

 µy  =  µx – tασz  (9)  

The  CISPR l im i t L  i s  determ ined  for some quan ti le  tβ  i n  d istribu tion  of probabi l i ties  of the  

value  x  or y for wh ich  l im i ts  are  establ ished ,  i n  such  a  way that the  fol l owing  equal i ties  are  

true:  

 ( )XLXP ≥=β   i . e .   Lx  =  µx  –  tβσx   (1 0)  

 ( )YLYP ≤=β   i . e .   Ly  =  µy  +  tβσy   (1 1 )  

where  tβ  i s  the  β  -quan ti le  of the  cen tra l i zed  normal  d i stribu tion  (see  [2 ] ,  page  84  

example  2 . 1 7) .  

Substi tu ti ng  Equation  (8)  i n to  Equation  (1 0)  and  Equation  (9)  i n to  Equation  (1 1 )  

 Lx  =  µy +  tασz  – tβσx   (1 2 )  

 Ly  =  µx – tασz  +  tβσy   (1 3)  

one  is  enabled  to  ca lcu late  l im i ts  for d i fferent parameters,  wh ich  ascerta in  the  rad i o  reception  
qual i ty.  

5.4.2  Immunity from  EM  d isturbances  (victim  receiver)  

I nequal i ty (6)  has  the  form :  

 x/y ≥  1  

where   

x   i s  a  parameter of receptor immun i ty;  

y  i s  a  parameter of e l ectromagnetic envi ronment i n  respect to  wh ich  the  immun i ty l im i t i s  
establ ished .  

I f the  values  X (dB)  and  Y (dB)  are  satisfactori l y approximated  by normal  d is tribu tions  wi th  

parameters  µx,  σx,  µy,  σy  then  

 [ ] 2/122
yxz σσσ +=  (1 4)  

I n  th is  case,  accord ing  to  Equation  (1 2) ,  the  equation  for the  calcu lation  of receptor immun i ty 
l im i ts  has  the  fol l owing  form :  

 Lx  =  µy  +  tα  [ ] 2/122
yx σσ + – tβσx   (1 5)  

5.5  Appl ication  of the  mathematical  basis  

5.5. 1  Rad iation  coupl ing  

NOTE  Th is  descri bes  the  effect  of remote  coupl i ng  as  i n  5 . 3 . 6. 1 .  
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Th is  subclause  adapts  the  basic model  for the  case  where  i t  i s  wished  to  protect a  rad io  
service  when  there  is  rad iation  coupl ing  from  the  source  of EM  d isturbance to  the  an tenna  of 
the  rad io  receiver.  The  actual  s ignal -to-d isturbance  ratio  R  can  be  expressed  i n  terms  of the  
wanted  s i gnal ,  the  d isturb ing  s i gnal ,  the  propagation  losses  and  the  an tenna  gain ,  as  fo l l ows:  

 R  =  Ew(µw;σw)  +  Gw(µGw;σGw)   

 – [Ei (µ i ;σ i )  +  G i (µGi ;σGi )  –  Lo(µLo ;σLo)  – Lb(µLb ;σLb)  +  Mi r(µm ;σm )]  dB  (1 6)  

where  

Ew  i s  the  actual  fi e l d  strength  of the  wan ted  s i gnal  at  the  pos i tion  of the  rad io  receiver's  

an tenna  as  a  function  of i ts  mean  value  (µw)  and  the  standard  deviation  (σw) ;  

Ei  i s  the  fie l d  strength  of the  d is turbance s ignal  at the  measurement d istance  d on  a  test 

s i te  as  a  function  of i ts  mean  value  (µ i )  and  standard  deviation  (σ i ) ;  

Gw  i s  the  actual  value  of the  rad io  receiver’s  an tenna  ga in  for the  wanted  s ignal  as  a  

function  of i ts  mean  value  (µGw)  and  standard  deviation  (σGw) ;  

G i  i s  the  actual  va lue  of the  rad io  receiver’s  an tenna  gain  for the  d isturbance  s i gnal  as  a  

function  of i ts  mean  value  (µGi )  and  s tandard  deviation  (σGi ) ;  

Lo  i s  the  actual  va lue  of the  factor wh ich  takes  account of the  attenuation  of the  

d isturbance  fie ld  streng th  on  i ts  propagation  path  to  the  pos i tion  of the  rad io  receiver's  
an tenna  when  i t  i s  propagated  through  free  space  wi thout obstacles  as  a  function  of i ts  

mean  value  (µLo)  and  standard  deviation  (σLo)  i n  re lation  to  the  measurement d is tance  d  

on  the  test s i te:  

 Lo  = x•20  lg  (r/d) ;  

Lb  i s  the  actual  va lue  of the  factor wh ich  takes  account of the  attenuation  of the  

d isturbance  fi e ld  s trength  caused  by obstacles  i n  i ts  propagation  path  as  a  function  of 

i ts  mean  value  (µLb)  and  standard  deviation  (σLb)  relative  to  the  value  for free-space  
propagation .  

Mi r  i s  the  actual  va lue  of the  factor for polarization  match  between  the  d isturbance fie l d  

strength  Ei r  and  the  receiving  antenna  of the  victim  receiver as  a  function  of i ts  mean  

va lue  (µm )  and  standard  deviation  (σm ) .  The  absolu te  value  m i r  equals  1 ,  when  the  

receiving  an tenna  polari zation  matches  the  polari zation  of Ei r  and  becomes less  than  1  

i n  a l l  other cases.  S ince  Mi r  and  the  re lated  mean  value  µm  are  used  i n  logari thm ic 

terms  thei r q uan ti ties  are  equal  to  or smal ler than  0  dB  and  thus  a lways  have  a  negative  
s i gn .  

I f,  as  assumed,  a l l  variables  on  the  ri gh t-hand  s ide  of Equation  (1 6)  obey a  normal  d is tribu tion  
l aw,  then  the  d istribu tion  factors  are  related  as  fol l ows:  

 µR  =  µw  +  µGw  – µ i  – µGi  +  µLo  +  µLb  – µm    dB  (1 7)  

 2
m

2
Lb

2
Lo

2
Gi

2
i

2
Gw

2
w

2
R

σσσσσσσσ ++++++=    (dB)2  (1 8)  

With  a  normal  d is tribu tion  l aw the  rel iabi l i ty of obtain ing  the  pre-set  qual i ty of service  can  be  
expressed  by the  fol lowing  function  of the  normal  probabi l i ty d istribu tion :  

 P(R >  Rp)  = F [–(Rp  – µR)  /  σR]  =  α  (1 9)  

therefore:   µR  =  Rp  +  tασR  (20)  
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where   tα  =  F
–1  (α)  

By combin ing  Equations  (1 7),  (1 8)  and  (20)  an  express ion  is  obtained  for the  perm issib le  

mean  value  (µ i )  of the  d isturbance fi eld  s trength  at a  pre-set d istance  from  the  source  of 

d isturbance:  

 µ i  =  µw  +  µGw  –  µGi  +  µLo  +  µLb  –  µm  –  Rp   

 – tα  [
2
m

2
Lb

2
Lo

2
Gi

2
i

2
Gw

2
w σσσσσσσ ++++++ ] 1 /2  (21 )  

The  mean  va lue  of the  d i sturbance shal l  be  below the  l im i t,  and  may be  speci fi ed  as  fol lows:  

 β  =  P(Ei  ≤  ELim i t)  i . e .  ELim i t  =  µ i  +  tβσ i  (22)  

where  

ELim i t   i s  the  l im i t  for the  d isturbance  measured  on  a  test s i te  at a  speci fi ed  d istance;   and  

tβ  i s  the  β-quanti l e  of the  centra l i zed  d istribu tion  function  wh ich  corresponds  to  a  

probabi l i ty l evel  of compl iance  wi th  the  l im i ts.  

The  free  space  attenuation  factor (µLo)  can  be  evaluated  from  

 µLo  =  x•20  l g  (r/d)  (23)  

where  

r  i s  an  average  d istance  between  the  d isturbance  source  and  the  receiving  antenna;  

d  i s  the  pre-set  or speci fied  measurement d istance  on  the  test  s i te;  

x   i s  the  exponent wh ich  determ ines  the  actual  free-space  attenuation  rate.  

Combin ing  Equations  (21 ),  (22)  and  (23)  the  l im i t i s  g i ven  by:  

 ELim i t  =  µw  +  µGw  – µGi  +  x•20  l g  (r/d)  +  µLb  – µm  –  Rp  +  tβσ i   

 – tα  [
2
m

2
Lb

2
Lo

2
Gi

2
i

2
Gw

2
w σσσσσσσ ++++++ ] 1 /2  (24)  

CI SPR Recommendation  46/1  (see  CISPR 1 6-4-3)  speci fies  that 80  %  of series-produced  
equ ipment shou ld  meet the  d isturbance l im i t,  and  that the  testing  shou ld  be  such  that there  is  
80  %  confidence  that th is  i s  so.  For these  cond i tions  tβ  assumes  a  va lue  of 0 , 84.  

5.5.2  Wire-l ine  coupl ing  

5.5.2 .1  Mains  coupl ing  using  the mains  decoupl ing  factor 

NOTE  Th is  descri bes  the  effect  of coupl i ng  path  a)  as  i n  5. 3. 6 . 2 .  

The  requ i red  qual i ty of rad io  commun ications  i s  considered  to  be  fu l fi l l ed ,  i f the  probabi l i ty,  
that the  actual  s i gnal - to-d isturbance ratio  R  i s  g reater than  the  m in imum  acceptable  va lue  Rp ,  

exceeds  a  speci fied  value.  That i s  

 P(R >  Rp)  ≥  α  (25)  

where  

R  i s  the  actual  s i gnal - to-d isturbance ratio  at the  receiver's  antenna  port;  
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Rp  i s  the  m in imum  acceptable  value  of the  s ignal -to-d isturbance ratio  at  the  receiver's  

an tenna  port;  

α  i s  a  speci fi ed  value  represen ting  the  re l i abi l i ty of rad io  communications.  

The  re lationsh ip  between  the  actual  s i gnal -to-d isturbance ratio  and  generated  electro-
magnetic d isturbance is :  

 R  =  Uw  – Ui r =  Uw – Ui  +  K dB  (26)  

where  

Uw  i s  an  effective  value  of wan ted  s ignal  at  the  receiver's  antenna  port or feed ing  poin t;  

Ui r  i s  the  perm issib le  effecti ve  d isturbance  level  at  the  receiver's  an tenna  port or feed ing  

poin t;  

Ui  i s  a  value  of a  speci fi ed  component of the  e lectromagnetic d is turbance (as  e. g .  vol tage,  

curren t,  power,  etc. )  measured  at the  mains  port of the  d isturbance source  i n  a  speci fi ed  
way us ing  speci fied  equ ipment ( i . e.  a  quas i -peak detector);  

K i s  a  decoupl ing  factor defined  as  a  ratio  of Ui  to  an  effective  va lue  of e lectromagnetic  

d isturbance s ignal  Ui r  at  the  receiver's  an tenna  port or feed ing  poin t.  

For the  s i tuations  where  the  d istu rbance i s  coupled  predom inantl y by conduction  (frequencies  
be low 30  MHz):  

 K =  Km  +  I  dB  (27)  

where  

Km   i s  the  mains  decoupl i ng  factor re lati ng  Ui  measured  at the  source  (by an  arti ficia l  mains  

network)  to  the  va lue  of d isturbance  at  the  mains  i npu t to  the  receiving  i nstal l ation ;  

I  i s  the  mains  immun i ty factor re lating  the  value  of d isturbance at the  mains  input to  an  
equ ivalent d isturbance wh ich ,  i f appl i ed  at the  antenna  port or feed ing  poin t of the  
receiving  i nsta l l ation ,  wou ld  produce  the  same effect.  

NOTE  Such  a  receiving  i nstal l ati on  may comprise  a  usual  broadcast rad io  rece iver wi th  bu i l t- i n  an tenna,  or 
a  professional  rad i o  receiver connected  to  an  externa l  ou tdoor an tenna  as  we l l .  

I t  has  been  establ ished  experimenta l l y that probabi l i ty d istribu tions  of Uw  (dB) ,  Ui  (dB)  and  K 

for arbi trari l y se lected  d isturbance sources,  rad io  receiving  i nstal l ations  and  d istances  
between  them  is  wel l  approximated  by a  normal  d i stribution  l aw.  

A l im i t  for e l ectromagnetic d is turbances  appl ying  to  the  mains  port of the  d isturbance  source  
is  establ ished  for a  defi n i te  quan ti l e  Ui (p)  i n  the  probabi l i ty d istribution  of Ui .  A perm issib le  

value  L  for Ui (p)  i s  se lected  i n  such  a  way that at Ui (p)  =  L ,  a  re l iabi l i ty of guaranteeing  a  

rad io  reception  wh ich  has  a  qual i ty R  ≥  Rp  wou ld  be  equal  to  the  speci fi ed  va lue  α :  

 ULim i t  =  Lpr(Ui )  =  µUw  +  µk  – Rp  +  tβσU i  – tα[
2
k

2
U

2
U iw

σσσ ++ ] 1 /2  (28)  

µ  and  σ2  are  expectations/variances  of correspond ing  components ;  tα  =  F
–1 (α) ,  tβ  =  F–1 (ß)  

are  arguments  of a  standard  normal  d istribution  function  (wi th  zero  mean  and  variance  of 
un i ty)  wh ich  is  equal  to  tα  and  tβ ,  respectivel y.  

For series-produced  articles  CI SPR recommends  that ß  =  0 , 8 ;  then  tβ  =  0 , 84 .  A va lue  of α  i s  
se lected  between  0 , 8  and  0 , 99,  depend ing  on  the  type  of a  rad io  network (rad io  broadcasting ,  

a i r navigation ,  et al) .  When  α  =  0 , 95,  then  tα  =  1 , 64.  
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I t  has  been  found  experimental l y that σk  i s  the  most s i gn i fican t factor.  A change  in  the  value 

of σk  wi th  an  equ ivalent  change in  the  l im i t  for Ui  resu l ts  i n  no  variation  from  the  speci fi ed  

qual i ty and  rel i abi l i ty of rad io  performance.  Therefore,  l im i ts  are  ca lcu lated  for equ ipment 
l ocated  i n  s im i l ar cond i ti ons  re lati ve  to  rad io  receiving  i nstal l ations  of a  g i ven  rad io  network.  
For i nstance,  i n  order to  protect a  broadcast reception  i n  dwel l i ng  houses,  i t  i s  enough  to  
consider two  groups  on l y:  

– equ ipment located  i n  dwel l i ng  houses  or connected  to  thei r suppl y mains;  

– equ ipment located  outs ide  dwel l ing  houses.  

The  second  group,  on  the  bas is  of econom ic cons iderations  and  separation  d istance,  i s  
d ivided  in to  the  fol lowing  subgroups:  power l i nes;  e lectric transport;  motor veh icles ;  industria l  
equ ipment located  i n  an  ass igned  terri tory;  etc.  

5.5.2 .2  Mains  and  telecommunication  l ine  coupl ing  by radiation  from  a  network 

NOTE  Th is  descri bes  the  effect  of coupl i ng  path  b)  described  i n  5. 3. 6 . 2  

This  model  assumes:  

– the  i n jection  of symmetric (d i fferen tia l  mode),  asymmetric  (common  mode)  and  
combinations  thereof ( i . e.  unsymmetrical )  vol tages/curren ts  i n to  the  network and  the  
convers ion  of symmetric  and  symmetric components  of unsymmetrical  vo l tages/currents  
i n to  effecti ve  asymmetric  (common  mode)  vol tages/curren ts  due  to  the  properties  of the  
complete  i nsta l lation  (network includ ing  connected  apparatus) ;  

– the  attenuation  of asymmetric d isturbances  between  source  and  victim  receiver location  
a long  the  d istribu tion  network 

– the  generation  of a  magnetic (near-)fie ld  by asymmetric (common  mode)  d isturbance 
curren ts  and  the  coupl i ng  of th is  fiel d  i n to  ferri te  an tennas  of broadcast rad io  receivers  i n  
the  l ong  and  med ium  frequency ranges,   

– the  generation  of an  e lectric (near-)fiel d  by asymmetric (common  mode)  d is turbance 
vol tages  and  the  coupl ing  of th is  fi e ld  i n to  te lescopic rod  an tennas  of rad io  receivers  i n  the  
h igher frequency range,  and   

– i n  the  frequency range  above abou t 1 0  MHz the  generation  of an  e lectromagnetic fie ld  by 
the  asymmetric (common  mode)  d isturbance power via  a  rad iati ng  hal f-wave d ipole  and  
the  coupl ing  of th is  fie l d  i n to  the  an tenna  of rad io  receivers  operati ng  i n  th is  frequency 
range.  

S im i l ar to  5. 5. 1  we  define  the  fo l lowing  quan ti ti es  (wi th  l og-normal  d is tribution) :  

Ew  i s  the  actual  fi e l d  strength  of the  wanted  s i gnal  at  the  pos i tion  of the  rad io  receiver's  

an tenna  as  a  function  of i ts  mean  value  (µw)  and  standard  deviation  (σw) ;  

Ei r  i s  the  actual  fi e ld  strength  of the  d is turbance s i gnal  (generated  by the  asymmetric 

d isturbance curren t Ii ,  on  a  cable  of the  network (Ei r  =  Z0  Hi r) ,  or generated  by the  

asymmetric d isturbance  vol tage  Ui ,  or generated  by the  asymmetric  d is turbance  

power Pi )  at the  pos i tion  of the  receiving  an tenna  as  a  function  of i ts  mean  value  (µ i )  and  
standard  deviation  (σ i ) ;  

Mi r  i s  the  actual  va lue  of the  factor for polari zation  match  between  the  d isturbance fie l d  

strength  Ei r  and  the  receiving  an tenna  of the  victim  receiver as  a  function  of i ts  mean  

value  (µm )  and  s tandard  deviation  (σm ) .  The  absolu te  va lue  m i r  equals  1 ,  when  the  

receiving  an tenna  polari zation  matches  the  polari zation  of Ei r  and  becomes  l ess  than  1  

i n  a l l  other cases.  S ince  Mi r  and  the  re lated  mean  value  µm  are  used  i n  l ogari thm ic terms 

thei r quanti ties  are  equal  to  or smal ler than  0  dB  and  thus  a lways  have  a  negative  s ign .  

C  i s  the  value  of the  conversion  factor CI  =  Ei r/Ii  or CU  =  Ei r/Ui  or CP = Ei r/Pi  as  a  function  

of i ts  mean  va lue  (µc)  and  standard  deviation  (σc) .  CI  and  CU  can  be  estimated ,  i n  a  fi rst 
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approach ,  by use  of the  l aw of B iot-Savart,  i f for that estimation  the  impedance  Z  a t  the  
poin t  of i n terest i s  taken  i n to  account,  and  CP  can  be  estimated  by the  fie l d  s trength  

expected  from  a  tuned  ha l f-wave d ipole  substi tu ti ng  a  certa in  cable  l eng th  at the  g i ven  
l ocation .  S ince  C  i s  a lways  smal ler than  1 ,  i ts  l ogari thm ic quanti ties  become negative;  

A  i s  the  value  of the  attenuation  between  Ii ’  (resp.  Ui ’  or Pi ’)  at the  source  l ocation  and  Ii  

(or Ui ,  or P i ,  respectivel y)  at the  receiver l ocation  as  a  function  of i ts  mean  va lue  (µa)  
and  standard  deviation  (σa) ;  

Z  i s  the  value  of the  (frequency-dependant)  impedance  between  the  effecti ve  asymmetric 
d isturbance vol tage  Ui  and  the  effecti ve  asymmetric  d is turbance curren t Ii  at  the  same 

(e. g .  source)  l ocation  as  a  function  of i ts  mean  value  (µz)  and  s tandard  deviation  (σz) ;  

Ui ’  i s  the  va lue  of the  effecti ve  asymmetric vol tage  at  the  source  l ocation  as  function  of i ts  

mean  value  (µu )  and  standard  deviation  (σu ) ;  

Pi  i s  determ ined  by the  ratio  of Ui
2 /Z  or Ii

2 •Z at  the  poin ts  of i n terest;  

Then  (wri tten  as  l ogari thm ic quanti ti es)  the  actual  s i gnal - to-d isturbance  ratio  R  i s   

 R  =  Ew  (µw;σw)  – [Ei r(µ i r;σ i r)  +  Mi r(µm ;σm )]  (29)  

wi th  

 Ei r  (µ i r;σ i r)  =  Ui ’  (µu ;σu)  – Z(µz ;σz)  – A(µa ;σa)  +  C(µc;σc)  (30)  

and  the  perm iss ib le  mean  value  of the  d is turbance  fie l d  strength  wi l l  be  obta ined  us ing :  

 µ i r  =  µw  – µm  – Rp  –  tα(σw2  +  σm2  +  σ i r2)1 /2  (31 )  

µ i r  can  also  be  expressed  as  µ i r/dB(µV/m)  =  µu /dB(µV)  – µz/dB(Ω)  – µa/dB  +  µc/dB(Ω/m ),  and  

σ i r  can  be  expressed  as  σ i r2  =  σu2  +  σz2  +  σa2  +  σc2  (un i ts  of σ  i n  dB) .  

Therefore  the  perm iss ib le  mean  value  of the  asymmetrica l  (common  mode)  d isturbance 
vol tage  can  be  defined  as  

 µu  =  µw  – µm  – Rp  +  µz  +  µa  – µc  – tα(σw2  +  σm2  +  σu2  +  σz2  +  σa2  +  σc2)1 /2
 

(32)  

Taking  i n to  account Equation  (22),  the  l im i t ULim i t  becomes   

 ULim i t  =  µw  – µm  – Rp  +  µz  +  µa  – µc  +  tβσu  –  tα(σw2  +  σm2  +  σu2  +  σz2  +  σa2  +  σc2)1 /2
 

(32a)  

Respectivel y,  i n  the  frequency range  above 1 0  MHz,  the  d isturbance  fie ld  s trength  can  be  
estimated  by  

 Ei r  =  7 /d· √Pi  (33)  

That means  that  

 µ i r/dB(µV/m)  =  20  l g  (7/d) /dB(Ω½/m )  +  µu /dB(µV)  – 0 , 5µz/dB(Ω½)  – µa/dB  

For d  =  3  m ,  the  fi rst  term  is  7 , 4  dB  

µu  =  (µw  – µm  – Rp  +  µa  +  0 , 5µz  – 7 , 4)  – tα(σw2  +  σm2  +  σu2  +  σz2/4  +  σa2)1 /2  (34)  
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Taking  i n to  account  Equation  (22),  the  l im i t ULim i t  becomes   

 ULim i t  =  (µw  -  µm  –  Rp  +  µa  +  0 , 5µz  –  7 , 4)  +  tβσu  –  tα(σw2  +  σm2  +  σu2  +  σz2 /4  +  σa2)1 /2  (34a)  

Example for the AM frequency range:  

Accord ing  to  I TU  Recommendation  BS. 703,  the  m in imum  receive  fie ld  s trength  µw  (σw  set to  
0)  shou ld  be   

–  for Band  5  (LF) :  66  dB(µV/m)  

– for Band  6  (MF):  60  dB(µV/m)  

– for Band  7  (HF) :  40  dB(µV/m)  (for DSB  and  SSB  modu lation )  

whereas  the  other mean  values  have  been  assumed  as  

– RF  protection  ratio:  Rp  =  27  dB  

– Polari zation  match :  µm  =  – 6  dB,  and  σm  =  4  dB  

– Impedance:  µz  =  34  dB(Ω)  ( i . e.  Z  =  50  Ω) ,  and  σz  =  4  dB  

– Attenuation :  µa  =  1 0  dB,  σa  =  5  dB  

– Convers ion  factor:  µc  =  – 27  dB(Ω/m ),  i f the  receiver i s  assumed  to  operate  at 

a  d istance  of 3  m  from  a  cable  of the  network,  wi th  

σc  =  3  dB.  

– Standard  deviation  of the  
d isturbance vol tage:  

 

σu  =  1 5  dB  (see  F igure  4  be low)  

Applying  Equation  (32a)  to  the  MF  range,  wi th  tα  =  0 , 84  and  tβ  =  0 , 84,  the  perm issib le  mean  

va lue  of the  asymmetric  d isturbance vol tage  becomes  41 , 67  dB(µV)  and  the  calcu lated  l im i t  

becomes  54 , 27  dB(µV).  

Using  Equation  (34a)  for the  range  at 30  MHz we get the  perm iss ible  d isturbance mean  

vol tage  as  1 5, 1  dB(µV)  and  the  calcu lated  l im i t becomes  27, 7  dB(µV).  Th is  value  is  ca lcu lated  
under the  assumption  of far fi e ld  cond i ti ons.  

Guidance for field-strength measurements:  

I n  the  l ong  and  med ium  wave  frequency bands,  the  d isturbance fi e ld  strength  shou ld  be  
measured  wi th  a  loop  an tenna,  whereas  i n  the  short wave frequency bands,  the  d is turbance  
fie l d  streng th  shou ld  be  measured  wi th  a  h i gh l y balanced  shortened  d ipole  an tenna  ( i t  i s  not  
poss ib le  to  use  rod  antennas  in  bu i l d i ngs  s ince  the  counterpoise  i s  fl oating).  

Example of a  measurement result:  

I t  i s  normal l y not poss ib le  to  model  compl icated  network structures,  l ike  e . g .  AC mains  
networks.  I t  i s  therefore  necessary to  make a  sufficien t number of measurements  wi th  
subsequent statistical  evaluation  of the  resu l ts .  For that pu rpose  i t  i s  advisable  to  feed  a  
certa in  (common  or d i fferen tia l  mode)  power i n to  the  network and  to  measure  the  maxima of 
the  magnetic (or e l ectric)  fie ld  strength  at  defi ned  d istances  from  the  feed  poin t a long  the  
network and  at certain  d istances  (e. g .  3  m ,  wh ich  may be  d i fficu l t i ns ide  bu i l d ings)  from  the  
network l i nes,  at  a  number of poin ts  wh ich  is  suffi cien t for the  determ ination  of va l i d  statis tical  
parameters.  

The  measurement resu l ts  presented  i n  F igure  4  have  been  obtained  i n  a  study executed  in  
Dresden  commissioned  by the  German  adm in istration ,  see  [3 ] .  
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Al l  data  for the  convers ion  factor were  obta ined  by measuring  the  magnetic component of the  
d isturbance fie l d  strength  Hk  i n  a  bu i l d i ng  wi th  4  feed  poin ts  us ing  26  d i fferent fie l d -streng th  

measurement l ocations.  For the  standard  deviation  s(Hk) ,  the  ri gh t hand  scale  of F igure  4  

appl ies .  
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Figure 4 – Example of conversion  factors  – 
field  strength  /  common-mode vol tage  (i n  dB)  – 

at  feed  point,  found  in  practice  

The convers ion  factor ( fie l d  strength  d i vided  by common-mode  vol tage,  i n  dB)  helps  to  
determ ine  l im i ts  for the  common-mode vol tage  for a  g i ven  scenario  (wi th  e . g .  the  rad io  service  
operated  at a  certa in  d istance  from  the  network,  and  assum ing  a  speci fi ed  long i tud ina l  
conversion  loss  (LCL)  for the  network).  

IEC   1 188/07 
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Magnetic field strength generated by a symmetrical  voltage of 1 05 dB(µV) 

depending on the measurement distance 
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Figure 5  – Example of conversion  factors  – 
field  strength  generated  by d i fferential -mode vol tage  – 

at  feed  point,  found  in  practice  

Other conversion  factors  have  been  obtained  feed ing  a  certa in  d i fferen tia l -mode power i n to  
power- l i ne  networks  (see  F igure  5).  The  comparison  of the  convers ion  factors  for d i fferentia l  
and  for common-mode  power wi l l  show the  effective  d i fferentia l  mode rej ection  of the  network.  

F i gure  5  shows an  example  of resu l ts  from  measurements  of the  magnetic d isturbance  fie l d  
strength  (H -field  converted  to  E-fie ld  us ing  the  free-space wave  propagation  impedance Z0)  

generated  by a  d i fferen tia l -mode vol tage  i n jected  in to  a  LV AC mains  network between  l i fe  
and  neu tral  l i nes.  From  th is  measurement resu l t,  the  convers ion  factor from  d i fferential -mode  
vol tage  to  fie l d  strength  can  be  obtained .  (The  example  ind icates  the  90%  value  of the  fie ld  
strength ,  i . e .  the  fie ld  strength  not exceeded  by 90%  of the  values.  The  resu l ts  base  on  
48  measurement poin ts  wi th in  a  d istance  of up  to  3  m ,  57  measurement poin ts  between  3  and  
5  m  and  87  measurement poin ts  between  5  and  30  m . )  
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Figure 6  – Example  of conversion  factors  – 
field  strength  generated  by d i fferential -mode vol tage  – 

outside  bu i ld ings  and  electrical  substations,  found  in  practice  

Figure  6  shows  an  example  of resu l ts  of measurements  of the  magnetic d is turbance fie ld  
strength  (H -field  converted  to  E-fie ld  us ing  the  free-space wave  propagation  impedance Z0)  

generated  by a  d i fferen tia l -mode vol tage  of 1 08  dBµV (9  kHz)  in j ected  i n to  a  th ree  phase  LV 
AC mains  network between  two phase  l i nes.  The  red  l i ne  i nd icates  the  80%  fie ld  strength ,  i . e .  
at l east 80%  of a l l  measurement resu l ts  are  l ower than  the  red  l i ne  value,  wi th  a  confidence  of 
80%.  The  resu l ts  base  on  measurements  at 1 60  poin ts  wi th in  a  d is tance  of 3  m  from  bu i l d ings  
and  e lectrici ty substations.  Notice  that th is  i s  not  a lways  identical  wi th  the  d istance  to  the  
cables  of the  mains  gri d .  

F i gu re  7  shows  an  example  of resu l ts  of measurements  of the  magnetic d isturbance fie l d  
strength  (H -fiel d  converted  to  E-fie ld  us ing  the  free-space  wave  propagation  impedance Z0)  

generated  by a  d i fferentia l -mode vol tage  of 1 08  dBµV (9  kHz)  i n jected  in to  a  LV AC mains  
network between  phase  and  neutra l  l i nes.  The  red  l i ne  i nd icates  the  80%  fie ld  streng th ,  i . e .  at  
l east 80%  of a l l  measurement resu l ts  are  lower than  the  red  l i ne  value,  wi th  a  confidence of 
80%.  The  resu l ts  base  on  measurements  on  67  poin ts  wi th in  a  d is tance  of up  to  3  m  from  the  
cables  i n  the  m idd le  of normal  rooms  i ns ide  bu i ld i ngs.  

NOTE  F igu res  6  and  7  show the  coupl i ng  factor k  as  a  fu nction  of frequency.  I t  i s  defi ned  as  the  transfer function  
between  the  forward  power i n j ected  i n to  the  LV AC mains  network and  the  produced  fi e l d  strength .  Us ing  k,  the  
upper l im i t  val ue  of the  wanted  s i gnal  power may be  determ ined  wh ich  may be  i n j ected  i n to  a  te l ecommun ication  
network wi thou t exceed i ng  a  g i ven  d i stu rbance  l im i t.  
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Figure 7  – Example of conversion  factors  – 
field  strength  generated  by d i fferential -mode vol tage  – 

ins ide  bu i ld ings,  found  in  practice  

5.6  Another su i table  method  for equ ipment in  the  frequency range  1 50  kHz to  1  GHz 

5.6. 1  In troduction  

The purpose  of th is  subclause  is  to  review stud ies  made  for the  derivation  of CI SPR l im i ts  for 
the  protection  of te lecommun ications  from  i n terference  from  RF  I SM  equ ipment and  to  
conclude  from  these  a  recommended  method  wh ich  meets  the  objectives  of CISPR and  I TU .  
The  model  deals  on l y wi th  rad iation  wh ich  occurs  ou tside  the  wanted  frequency bands  
designated  by I TU  for use  by i ndustria l ,  scienti fic,  and  med ical  ( I SM)  appl i cations,  i . e.  ou ts ide  
the  I SM  bands.  

5.6.2  Derivation  of l imits  

The fu l l  range  of parameters  to  be  taken  i n to  accoun t i n  the  derivation  of l im i ts  i s  shown  in  
Table  3  together wi th  the  major rad io  services  requ iri ng  protection .  

5.6.2 .1  Protection  of communication  services  

The wan ted  fie ld  strength  to  be  protected ,  the  protection  ratio  requ i red  for the  d i fferent types  
of rad io  services,  the  d i stance  from  the  source  at wh ich  protection  i s  necessary,  and  the  
attenuation  law to  be  used  i n  the  calcu lation  are  important.  These  are  matters  i n  wh ich  I TU  
support i s  essen tia l .  

5.6.2 .2  Proposed  model  for use in  calcu lating  d isturbance  l im its  

The factors  that have  trad i tional l y been  i ncluded  in  models  for pred icti ng  i n terference from  
rad io-frequency sources  are  l i sted  in  columns  1  to  1 0  of Table  3 .  By assign ing  appropriate  
values  to  each  parameter,  for example,  fie l d  streng th  to  be  protected ,  protection  ratio,  e tc. ,  
worst-case  l im i ts  for protecting  the  various  commun ication  services  from  in terference from  a  
certa in  type  of equ ipment may be  determ ined .  However,  a  model  wh ich  i s  based  on  worst-
case  parameters  i s  both  techn ical l y and  econom ical l y unreal istic s ince  i t  i gnores  the  fact that 
there  have  been  very few i nstances  of i n terference  attribu ted  to  the  d istinct type  of equ ipment 
actual l y cons idered .  I t  i s  therefore  cri tica l  that the  experience  i n  th is  subject shou ld  be  taken  
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i n to  account.  Thus,  the  benefi ts  of worldwide  experience  in  th is  subject can  be  i ncluded  
a l though  i t  i s  recogn ized  that  the  probabi l i ty can  on l y be  a  qual i fi ed  estimate  at present,  
because  so  many complex factors  are  i nvolved  as  shown  in  5. 6. 2. 3.  Determ ination  of 
numerica l  va lues  of the  probabi l i ty for the  various  rad io  services  i s  u rgen tl y requ i red  and  
stud ies  are  be ing  undertaken  i n  several  coun tries .  

5.6.2 .3  Probabi l i ty factors  

Probabi l i ty of coincidence  of adverse  factors:  

 P  =  P1  ×  P2  ×  P3  ×  P4  ×  P5  ×  P6  ×  P7  ×  P8  ×  P9  ×  P1 0  (35)  

where  

P1  i s  the  probabi l i ty that the  major l obe  of the  rad iation  is  i n  the  d i rection  of the  victim  

receiver;  

P2  i s  the  probabi l i ty of d i rectional  receiving  aeria ls  having  maximum  pick-up  i n  the  d i rection  

of the  d isturbing  source;  

P3  i s  the  probabi l i ty that the  victim  receiver i s  s tationary;  

P4  i s  the  probabi l i ty of equ ipment generating  a  d is turbing  s i gnal  on  a  cri tical  frequency;  

P5  i s  the  probabi l i ty that the  re levant harmon ic  is  below the  l im i t  va lue;  

P6  i s  the  probabi l i ty that the  type  of d isturb ing  s i gnal  being  generated  wi l l  produce  a  

s i gn i ficant  effect i n  the  receiving  system ;  

P7  i s  the  probabi l i ty of coincident operation  of the  d is turbing  source  and  the  receiving  

system ;  

P8  i s  the  probabi l i ty of the  d isturbing  source  being  wi th in  the  d istance  at wh ich  i n terference  

is  l i ke l y to  occur;  

P9  i s  the  probabi l i ty of coincidence that the  value  of rad iation  at the  edge  of service  area  for 

the  protected  service  j ust  meets  the  l im i t for the  RF  d istu rbance;  

P1 0  i s  the  probabi l i ty that  bu i l d ings  provide  attenuation .  

 

International  Electrotechnical  Commission

 



 
C
IS
P
R
 T
R
 1
6
-4
-4
:2
0
0
7
+
A
M
D
1
:2
0
1
7
 C

S
V
  

–
 4
1
 –
 


 IE

C
 2
0
1
7
 

 
Table  3  – Tabu lation  of the  method  of determin ing  l imits  for equ ipment in  the  frequency range 0, 1 50  MHz to  960  MHz 
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Table  3  (continued)  
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Table  3  (end)  
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400, 00  to  
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F i xed  l i nks  
Land  mobi l e  

           

430, 00  to  
440, 00  

Amateur 
rad io  

           

470, 00  to  
585, 00  

TV BC            

585, 00  to  
61 4, 00  

Aeronav 
TV BC 

           

61 4, 00  to  
854, 00  

TV BC            

854, 00  to  
960, 00  

Land  mobi l e              

902, 00  to  
928, 00  

Amateur 
rad io  

           

NOTE  Expl anati on  of col umn  head ings:  

(3)  Med ian  val ue  of the  fi e l d  s trength  to  be  protected  at  the  edge  of service  area:  to  be  deri ved  from  I TU  regu lati ons  and  I TU  recommendations  as  appropri ate.  

(4)  Protection  rati o.  The  s i gnal -to- i n terference  ratio  requ i red  to  protect  the  rad io  servi ce  from  i n terference  wi th  the  characteri s ti cs  of the  s i gna l  generated  by  the  d i s tu rbance  source  
(for example,  frequency stabi l i ty,  etc. ) .  Th i s  i s  the  val ue  to  be  used  i n  the  deri vati on  of l im i ts  and  i s  not  necessari l y the  same protection  rati o  as  recommended  by I TU  for 
pl ann ing  pu rposes.  

(6)  The  mean  m in imum  d i stance  from  the  d i s tu rbance  sou rce  at  wh ich  receivi ng  i nstal l ati ons  of the  re levant  rad io  service  are  normal l y i nstal l ed .  D i stu rbance  sources  at  a  d i fferen t  
d i stance  wi l l  be  a l l owed  for i n  the  probabi l i ty factor.  

(9)  The  attenuation  provi ded  by bu i l d i ngs  i n  wh ich  the  d i stu rbance  source  i s  i nsta l l ed .  Experi ence  has  shown  that  1 0  dB  i s  a  normal  practi cal  va l ue.  
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5.6.3  Appl ication  of l im its  

The CISPR has  trad i tional l y adopted  the  view that there  shou ld  be  on l y one  l im i t for each  type  
of appl iance.  I n  the  past,  th is  approach  has  had  cons iderable  meri t,  bu t was  i ncreas ing l y 
d i fficu l t to  sustain .  Thus,  i t  has  been  found  usefu l  to  i n troduce  several  classes  of l im i ts,  e . g .  
for d is tu rbances  from  RF  I SM  equ ipment (see  CISPR 1 1 ) .  

5.6.4  Overview of proposals  for determination  of d isturbance l im its  for a  g iven  type  of 
equ ipment 

5.6.4.1  Determination  of l im its  from  practical  experience  

The exponents  of th is  approach  state  s impl y that l im i ts  i n  use  i n  the ir own  coun try have  been  
proved  by practical  experience  to  g i ve  adequate  protection .  

Th is  i s  a  powerfu l  argument wh ich  cannot be  i gnored .  The  techn ical  evaluation  of coupl ing  
between  sources  of i n terference and  communication  services  i s  very complex and  vi rtua l l y 
imposs ible  to  define  precisel y i n  mathematical  or practical  terms  main l y because  control  of 
the  various  parameters  i s  imposs ib le  and  the  spreads  on  measured  va lues  are  very wide.  
Experience  is  therefore  valuable.  Unfortunate l y,  the  same factors  wh ich  make experience  
valuable  tend  to  m i l i tate  against the  acceptance of th is  approach  un less  the  experience  
ga ined  i n  a  sufficien tl y l arge  number of coun tries  l eads  to  s im i l ar conclusions.  I n  th is  case,  
however,  there  i s  not a  sufficientl y l arge  number of countries  supporti ng  the  unqual i fied  
appl ication  of the  actual  l im i ts  bu t there  i s  cl earl y a  need  to  support the  approach  as  one  
factor in  the  consideration  of l im i ts.  

5.6.4.2  User and  manufacturer responsibi l i ty for avoidance  of in terference  

I n  a  number of countries,  user regu lations  are  i n  force.  

User l im i ts  may take  one  of several  form  ou tl i nes  as  fol lows:  

a)  regu lations  may requ i re  users  of an  appl iance  to  meet certa in  l im i ts  i f i n terference i s  
caused ;  

b)  i f i n terference  i s  caused ,  regu lation  may requ i re  an  user of an  appl iance  to  cease  
operation  un ti l  the  i n terference  is  abated ;  

c)  regu lations  based  on  the  l i cens ing  of operation  of a  certa in  type  of apparatus.  

These  approaches  on  the ir own  satisfy nei ther the  I TU/CISPR cri teria  for avoidance of 
i n terference  nor the  CISPR requ irements  for avoidance of techn ical  barriers  to  trade.  User 
l im i ts  wou ld  probably,  in  any case,  be  qu i te  unacceptable  i n  a  number of coun tries  as  they 
p lace  the  user i n  an  unfavourable  posi tion  l egal l y,  fi nancia l l y and  techn ical l y.  

User regu lations  i n  con junction  wi th  manufacturer regu lations  are  a  d i fferent  matter.  I n  these  
the  user may be  requ i red  to  main tain  suppress ion  to  the  s tandard  of new equ ipment and  h is  
financia l ,  l egal  and  techn ical  obl i gations  are  therefore  clear.  

Examples  of l im i ts  wh ich  are  i n  use  for user-on l y regu lations  are  those  i n  force  in  the  Un i ted  
Kingdom  for i ndustrial  rad io-frequency heaters  i n  the  frequency range  0 , 1 5  MHz to  
1  000  MHz.  These  broad ly conform  wi th  the  present CI SPR l im i ts  wi th  a  provision  of a  1 0  dB  
more  stri ngent l im i t where  i n terference  is  caused  to  safety of l i fe  services.  

Other examples  are  the  USA regu lations  wh ich  take  the  form  described  i n  i tem  b)  and  the  
German  regu lations  wh ich  take  the  form  of i tem  c).  I n  the  USA,  the  l im i ts  for 
RF  I SM  appl iances  are  considerabl y l ess  s tringen t than  those  recommended  by CISPR.  

5.6.4.3  Calcu lation  of l imits  on  a  worst-case basis  

This  method  of arriving  at l im i ts  i s  i n tended  to  provide  a  h i gh  degree  of protection  for a l l  rad io  
communication  services.  Lim i ts  are  ca lcu lated  us ing  m in imum  va lues  of fi e ld  strength  to  be  
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protected ,  h igh  values  of protection  ratio,  maximum  coupl i ng  between  d isturbance sources  
and  rad io  commun ication  receivers,  and  m in imum  values  of attenuation  wi th  d is tance  of the  
d isturb ing  s i gnal .  

At fi rst s i gh t,  th is  approach  m igh t seem  to  be  i deal  as  i t  wou ld ,  i f implemented ,  l ead  to  an  
i deal  s i tuation  of very l ow va lues  of man-made ambien t rad io-frequency noise.  The  cost to  
society of the  adoption  of such  l im i ts,  however,  wou ld  be  h i gh  and  i t  wou ld  be  imposs ib le ,  wi th  
present technology,  to  con tinue  to  operate  many e lectrica l  devices ,  wh ich  wou ld  not  
con tribu te  to  the  wel fare  and  heal th  of the  human  race.  

5.6.4.4  Determination  of l im its  by means  of statistical  evaluation  

This  approach  states  that the  control  of rad io  i n terference  has  to  be  treated  s tatistical l y 
because  the  many factors  i nvolved  are  not under the  con trol  of the  eng ineer and  those  
parameters  wh ich  are  capable  of measurement have  very wide  spreads  of va lues.  

The  statistical  evaluation  approach  has  to  overcome these  d i fficu l ti es.  I t  shou ld  satisfy the  
commun icator that commun ication  services  wi l l  receive  adequate  protection  under normal  
ci rcumstances  of correct use,  and  the  manufacturers  and  users  of e lectrical  equ ipment that 
econom ic,  operational  and  safety considerations  are  being  correctl y taken  i n to  account.  

5.6.5  Rationale  for determination  of CISPR l imi ts  in  the  frequency  
range below 30  MHz 

5.6.5. 1  General  

With  th is  subclause,  a  method  for the  estimation  of d isturbance  l im i ts  for a  g iven  type  of 
equ ipment i s  described .  Th is  approach  can  be  appl i ed  for the  frequency range  below 30  MHz.  
For rad iation  coupl i ng ,  dependence of the  perm issib le  d isturbance  fi el d  strength  from  the  

wanted  s ignal  µw,  the  s i gnal -to-d isturbance ratio  Rp ,  and  other i n fl uence factors  can  be  

estimated  based  on  Equations  (21 )  and  (22)  found  i n  5. 5.  

Th is  model  shou ld  be  used  by Product Committees  to  determ ine  the  d isturbance l im i ts  
measured  on  a  EUT i n  standard ized  test  s i tes.  Th is  model  i s  cons idered  su i table  for poin t  
source  magnetic  fi e ld  devices  and  not for d is tributed  or complex systems.  

Ten  probabi l i ty or i n fl uence  factors  P1  to  P1 0  have  to  be  cons idered  accord ing  to  5 . 6 . 2. 3.  

However,  for better al i gnment wi th  term inology used  for statis tics  the  ten  i n fl uence  factors  P1  

to  P1 0  are  fu rther treated  i n  thei r mean  va lues  as  µP1  to  µP1 0 .  I t  shal l  be  noted  that the  va lues  
for µP1  to  µP1 0  can  be  used  in  l ogari thm ic terms  ( i . e.  i n  dB)  on l y.  

Taking  i n to  account  Equation  (22)  we  can  wri te  

 ELim i t  =  µ i  +  tβσi  (36)  

Then  taking  equation  (21 )  i n to  accoun t,  noting  that tβ  =  0 , 84,  and  the  l im i t  becomes:  

 ELim i t  =  µw  –  Rp  +  µP1  +  µP2  +  µP3  +  µP4  +  µP5  +  µP6  +  µP7+  µP8  +  µP9  +  µP1 0   

 +  tβσi  – tα(σP1
2+  σP2

2  +  σP3
2+  σP4

2+  σP5
2  +  σP6

2  +  σP7
2+  σP8

2  +  σP9
2  +  σP1 0

2)1 /2  (37)  

where  

ELim i t  i s  the  mean  value  of the  perm issib le  d is turbance  fie l d  s trength  at a  speci fied  

d istance  d  from  the  d isturbance  source;  
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µw  i s  the  m in imum  value  of the  wanted  fi e ld  strength  at the  edge  of the  service  area  of 

the  rad io  service  concerned ;  

Rp  i s  the  m in imum  acceptable  value  of the  s ignal -to-d isturbance ratio  ( i . e .  the  protection  

ratio)  a t the  receiver's  an tenna  port or feed ing  poin t;  

µP1  i s  the  mean  va lue  of the  main  l obes  of the  magnetic d ipole  rad iation  i n  the  d i rection  

of the  victim  receiver;  

σP1   i s  the  standard  deviation  of P1 ;  

µP2  i s  the  expected  mean  value  when  the  d i rectional  receiving  an tenna  has  i ts  maximum  

pick-up  i n  d i rection  of the  d is turbance  source;  

µP3  i s  the  expected  mean  value  when  the  victim  receiver is  stationary;  

µP4  i s  the  expected  mean  value  when  there  i s  equ ipment generating  a  d isturbing  s ignal  

on  a  cri tical  frequency;  

µP5  i s  the  expected  mean  marg in  when  the  re levant  harmon ic is  below the  l im i t va lue;  

µP6  i s  the  expected  mean  value  when  the  type  of d isturbance s ignal  generated  wi l l  

produce a  s i gn i ficant  effect i n  the  receiving  system;  

µP7  i s  the  expected  mean  value  when  the  operation  of the  d isturbance source  i s  

coinciden t wi th  the  receiving  system ;  

µP8  i s  the  expected  mean  value  when  the  d isturbance source  is  l ocated  i n  a  d istance  to  

the  receiving  system  wi th in  wh ich  i n terference  i s  l i kel y to  occur;  

µP9  i s  the  expected  mean  va lue  when  the  va lue  of rad iation  at the  edge  of service  area  

for the  protected  service  j ust  meets  the  l im i t  for the  RF  d isturbance;  

µP1 0  i s  the  expected  mean  value  when  bu i l d i ngs  provide  attenuation .  

Equation  (37)  i s  va l id  for mean  va lues  of i n fl uence  factors  (g iven  in  dB)  assum ing  a  l og-
normal  d istribu tion  of thei r figures.  Notice  that the  l atter may not be  fu l fi l l ed  for each  factor i n  
each  i nd ividual  case.  By i nserting  appropriate  practical  figures,  Equation  (37)  can  be  used  to  
estimate  a  l im i t  ELim i t  for the  perm issib le  d is turbance fie l d  s trength .  

NOTE  Wi th in  these  calcu lati ons,  20  l og  has  been  u ti l i zed  for d i stance  el ements  and  1 0  l og  for the  others,  
assum ing  power and  not  vol tage.  

5.6.5.2  Consideration  and  estimated  values  of µP1  to  µP1 0  

5.6.5.2 . 1  Rad iation  pattern  of the  d isturbance source  (µP1 )  

5. 6.5.2 .1 . 1  Consideration  of µP1  

The horizontal  p lane  rad iation  pattern  on  a  smal l  purel y magnetic an tenna  is  described  i n  dB  
un i t by  

 G(φ)  =  Gmax  +  20  l og  (s i n (φ))  (38)  

International  Electrotechnical  Commission

 



CISPR TR 1 6-4-4: 2007+AMD1 : 201 7  CSV 

  I EC  201 7    

– 47  – 

 

Figure 8  – horizontal  plane  rad iation  pattern  on  a  smal l  purely magnetic  antenna  

I n  the  general  case  the  victim  may be  i n  any possible  d i rection  wi th  equal -probabi l i ty.  The  
mean  value  and  standard  deviation  of the  gain  can  be  calcu lated  by the  fol lowing  averages  
over hal f of the  ci rcle.  
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Numerical  ca lcu lation  of Equations  (39)  and  (40)  g i ves  the  average  gain  Gavg  =  Gmax – 6,0  dB  

and  the  standard  deviation  σG  =  7 , 9  dB,  wh ich  l ead  to  µP1  =  Gmax  – Gavg  =  6  dB  and  σG  =  7 , 9  

dB  

5.6.5.2 . 1 . 2  Estimation  for the  µP1  

µP1  =  6  dB,  σP1 =  8  dB  

5.6.5.2 .2  Antenna gain  of the  victim  to  the  d isturbance source (µP2)  
(the  d i rectional  receiving  antenna have  i ts  maximum  pick-up  in  d irection  of 
the  d isturbance source)  

5.6.5.2 .2 . 1  Consideration  of µP2  

I n  the  frequency range  below 30  MHz,  a  typica l  receiving  an tenna  used  wi th  broadcast 
receivers  is  a  rod  an tenna.  Other antennas  are  a l so  used .  These  antenna  gains  can  vary to  as  
much  as  –1 0  dB  to  1 0  dB,  however i t  can  be  assumed  that 67  %  of a l l  an tennas  show a  gain  
of wi th in  3  dB  of an  isotropic  an tenna.   
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5.6.5.2 .2 .2  Estimation  for the  possible  range of µP2  

µP2  =  –3  dB,  σP2  =  3  dB  

5.6.5.2 .3  Stationary receiver (µP3)  

5.6.5.2 .3. 1  Consideration  of µP3  

Below 30  MHz,  i t  i s  l i kel y that the  victim  receiver wi l l  be  stationary;  hence  the  value  shou ld  be  
0  dB.  

5.6.5.2 .3.2  Estimation  for the  possible  range of µP3  

µP3  =  0  dB,  σP3  =  0  dB  

5.6.5.2 .4  Equ ipment generating  a  d isturbing  signal  at  a  cri ti cal  frequency and  

relevant harmon ics  (µP4)  

5. 6.5.2 .4. 1  Consideration  of µP4  

For the  source  of the  magnetic d is turbance from  mon i tors  and  p lasma TVs,  the  i ssue  wi l l  
appear for the  fundamental  frequency and  the  harmon ics.  Assum ing  the  fundamental  
em ission  from  the  d isturbance source  i s  at  250  kHz and  i ts  harmon ics  wi l l  occupy 

approximatel y in  the  ratio  of 5 : 1 .  Based  upon  a  variation  of ±25  kHz,  g i ving  a  value  of 50  kHz 
(7  dB).  

For the  source  of the  magnetic  d isturbance  from  i nduction  cooking  equ ipment,  the  issue  wi l l  
appear from  the  fundamenta l  frequency and  the  harmon ics.  Assum ing  the  fundamental  
em ission  from  the  d isturbance source  is  at  50  kHz and  i ts  harmon ics  wi l l  occupy 

approximatel y i n  the  ratio  of 2 : 1 .  Based  upon  a  variation  of ±1 2 ,5  kHz,  g i vi ng  a  value  of 
25  kHz (3  dB).  

NOTE  1  The  val ues  be low were  deri ved  from  1 0  l og  (1 /5)  =  –7  dB  and  1 0  l og  (1 /2 )  =  –3  dB  hence  the  mean  
val ues  5  dB  and  the  range  of 2  dB.  

NOTE  2  Other sou rces  of d i sturbance  may be  from  electri cal  car charg i ng  stati ons,  phone  charg i ng  systems  and  
these  are  estimated  to  g i ve  s im i l ar val ues.  

We have  assumed  no  frequency dependency re levan t to  the  l im i ts .  

A typical  response of a  source  of magnetic  fi el d  d i sturbance  i s  present i n  F i gure  9 .  
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Figure 9  – typical  source of magnetic field  d isturbance  

5.6.5.2 .4.2  Estimation  for the  possible  range of µP4  

µP4  =  5  dB,  Range σP4  =  2  dB  

5.6.5.2 .5  Marg in  that  the  relevant harmonics  are  below the l imit  value (µP5)  

5. 6.5.2 .5. 1  Consideration  of µP5  

This  va lue  has  been  covered  i n  µP4 .  

5.6.5.2 .5.2  Estimation  for the  possible  range of µP5  

This  va lue  has  been  covered  i n  µP4 .  

5.6.5.2 .6  Expected  mean  value  that the  type  of d isturbance  signal  generated  wi l l  

produce  a  s ign ificant  effect in  the  receiving  system  (µP6)  

5.6.5.2 .6. 1  Consideration  of µP6  

I n  the  frequency range  below 30  MHz,  s ince  the  bandwid th  of the  unwanted  s i gnal  and  

bandwid th  of the  receiver are  of s im i l ar va lues,  µP6  shou ld  be  set to  0  dB.  

For the  example  of p l asma TVs  and  i nduction  cookers  i n  the  frequency range  below 30  MHz,  
typica l l y s ince  the  bandwid th  of the  d isturbance source  is  greater than  the  bandwid th  of the  

receiver,  µP6  shou ld  be  set  to  0  dB.  

NOTE  AC mains  cable  i s  not  an  i ssue  of i n terference  to  rad io  receivers  at  the  frequency below 30  MHz because  
th i s  aspect i s  a l ready covered  by the  conducted  em iss ion  requ i rement d efi ned  i n  the  standard .  
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5.6.5.2 .6.2  Estimation  for the  possible  range of µP6  

µP6  =  0  dB,  Range σP6  =  0  dB  

5.6.5.2 .7  Expected  mean  value  that the  operation  of the  d isturbance  source is  
coincident  wi th  the  receiving  system  operation  of the  d isturbance  source  

(µP7)  

5.6.5.2 .7 . 1  Consideration  of µP7  

I n  the  case  that a  receiver i s  operated  for 24  hours,  from  the  typical  sources  i n  24  hours  per 
day,  p l asma TV i s  8  hours,  PV I nverter 8  hours  and  i nduction  cookers  2  hours  operated .  

NOTE  The  estimated  val ues  g i ven  i n  5 . 6 . 6 . 2 . 7. 2  were  deri ved  by 1 0  l og  (time  of operation  (hours)  /24).  

5.6.5.2 .7.2  Estimation  for the  possible  range of µP7  

µP7  =  6 , 5  dB,  Range  σP7  =  3 , 5  dB  

5.6.5.2 .8  The d isturbance source  i s  located  in  a  d istance  to  the  receiving  system  

with in  which  in terference  i s  l i kely to  occur (µP8)  

5.6.5.2 .8. 1  Consideration  of µP8  

The l im i t  of the  d isturbance is  speci fi ed  for the  test s i te  wi th  a  normative  fixed  measurement 
d istance  d.  I n  practice,  the  actual  d istance  r between  the  d isturbance source  and  the  victim  is  

usual l y qu i te  d i fferent  when  the  victim  i s  used  as  i n tended .  

The  normative  measurement d istance  d i s  3  m .  The  ratio  of the  two d istances  r and  d  

determ ines  the  add i tional  attenuation .  

The  estimated  va lue  µP8  u sual l y increases  the  perm issib le  l im i t  and  has  to  be  added  on  the  

ri gh t hand  s ide  of Equation  (37) .  

5.6.5.2 .8.2  Estimation  for the  possible  range of µP8  

The va lue  of µP8  i s  ca lcu lated  by:  

 µP8  =  x  ×  20  l og  (r / d)  (41 )  

where  

r i s  the  actual  d is tance  between  sou rce  and  victim ;  

d  i s  the  measurement d istance;  

x  i s  the  wave propagation  coefficien t,  typ ical  value  to  be  determ ined  based  upon  Annex 
B.   

The  estimated  d istance  has  to  take  in to  account  the  average  d istance  for the  i n tended  use  of 
the  rad io  equ ipment.  I nserti ng  practica l  d is tances  i n to  Equation  (41 )  wi l l  provide  the  poss ib le  

range  of µP8 .  
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5.6.5.2 .9  The value  of rad iation  at the  edge of service area  for the  protected  service 

(µP9)  

5.6.5.2 .9 . 1  Consideration  of µP9  

Due to  propagation  complexi ti es  re lated  to  the  transm iss ion  properties  re lating  to  th is  
frequency range  ( i nclud ing  solar storms,  variation  of the  reflecting  cond i tion  at  the  i onosphere  
and  the  time of day)  i t  i s  d i fficu l t to  defi ne  actual  coverage areas  of the  rad io  service.   There  
wi l l  s ti l l  be  areas  were  the  service  wi l l  have  sufficien t s ignals  and  other areas  where  there  wi l l  
be  i nsufficien t.  Hence a  bas ic approximation  cou ld  be  based  upon  a  s imple  ci rcu larl y 
response and  the  ratio  between  the  two  d i fferen t coverage areas.  

5.6.5.2 .9 .2  Estimation  for the  possible  range of µP9  

µP9  =  3  dB,  Range σP9  =  3  dB  

5.6.5.2 . 1 0  The expected  mean  value that bu i ld ings  provide  attenuation  of the  bu i ld ing  

(µP1 0)  

5.6.5.2 .1 0.1  Consideration  of µP1 0  

I n  th is  frequency range  the  worst case  attenuation  of bu i l d ings  wi l l  be  0  dB.  

NOTE  Depend ing  on  the  s i tuation ,  bu i l d i ng  attenuati on  can  be  taken  i n to  account.  Any a ttenuati on  may impact 
both  the  reception  of the  rad io  service  and  the  amount  of i n terference  source  observed .  Hence  th i s  may need  to  be  
taken  i n to  account  wi th  the  performance  of the  recei ving  an tenna.  

5.6.5.2 . 1 0.2  Estimation  for the  possible  range  of µP1 0  

µP1 0  =  0  dB,  Range σP1 0  =  0  dB  

5.6.6   Model  for l imi ts  for the  magnetic component of the  d isturbance fi eld   strength  
 for the  protection  of rad io  reception  in  the  range below 30  MHz 

5.6.6.1  General  

Recentl y,  new electric or el ectron ic devices  having  un in tentional  em issions  below 30  MHz 
were  i n troduced  i n  the  market.  As  the  classica l  examples  of these  devices,  there  are  p lasma 
TV sets,  power l i ne  communications  devices,  wireless  power transfer,  i nduction  cooking  
devices,  and  so  on .  As  the  devices  have  been  us ing  i ncreasing l y,  i t  i s  requ ired  to  establ ish  an  
appropriate  model  for deriving  rad iation  l im i ts  in  order to  protect existi ng  rad io  services  at  
frequencies  below 30  MHz.  

Th is  document con ta ins  statistics  of compla in ts  and  mathematica l  models  for the  calcu lation  
of e l ectric fie ld  l im i ts  re lated  to  the  protection  of rad io  services  wi thout the  consideration  of 
magnetic rad iation  wi th in  the  near fi e l d  reg ion .  Hence,  development of other anal ytical  models  
i s  requ i red  for the  derivation  of rad iation  l im i ts  on  the  devices  having  magnetic  d i stu rbances .  

NOTE  Other organ isations  a l so  worki ng  wi th i n  the  area  i ncl ud ing  CEPT and  I TU -R.  

5.6.6.2  Model  for magnetic  fi eld  l im its  below 30  MHz 

This  model  i s  establ ished  for ca lcu lation  magnetic fi el d  l im i ts  requ i red  for the  protection  of 
rad io  services  against i n terference from  various  types  of magnetic fie ld  sources  us ing  below 
30  MHz.  Th is  method  for calcu lation  of magnetic  fiel d  l im i ts  for protection  of rad io  services  
below 30  MHz is  depicted  i n  F igure  1 0 .  
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Figure 1 0  – Model  for magnetic  field  l im it  at  measuring  equ ipment  

The perm issib le  in terference e lectric or magnetic fiel d  (Eir  or Hir)  of victim  receiver can  be  

derived  from  a  method  considering  noise  level  or a  method  cons idering  s ignal  to  d isturbance 
ratio  (RP) .   

The  method  cons idering  noise  l evel  i s  as  fol l ows:  

Enoise  (dBμV/m)  of a  victim  service  is  corrected  for the  bandwid th  of the  victim  receiver:  

 Enoise  =  Enoise, b  +  1 0  l og  (bvictim  /  bnoise)  (42)  

where  

bnoise  i s  the  measuring  bandwid th  of noise  (kHz) ;  

bvictim  i s  the  bandwid th  of victim  (kHz) ;  

Enoise, b  i s  the  e lectric  fie ld  strength  of noise  from  Recommendation  I TU -R P.372  (dBμV/m) .  

NOTE  E
noi se , b

 i s  defi ned  by an  I TU-R document  as  the  background  Gaussian  noi se  l evel  (exclud ing  impu l se  and  

burst  noi ses),  assum ing  the  reception  wi th  a  l oss-l ess  omn i -d i recti onal  an tenna  and  an  i deal  recei ver.  I n  the  case  
that  the  an tenna  and  feeder l osses  or recei ver noi se  cannot be  neg l i g ib l e,  reference  noi se  l eve l  shou ld  be  defi ned  
by the  system  noise  l evel .  
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I n  case  of broadband  i n terference,  the  bandwid th  ratio  BWR  (dB)  shou ld  be  incl uded  to  
calcu late  the  perm iss ib le  i n terference  e lectric  fie ld  Ei r  (dBμV/m):   

 Ei r  =  Enoise  +  BWR (43)  

The  bandwid th  ratio  i s  defined :  

 BWR  =  1 0  l og  (bmeasuri ng  –  bvictim )  (44)  

where  

bmeasuri ng   i s  measuring  bandwid th  of i n terferer (kHz).  

When  the  bandwid th  of the  i n terfering  s ignal  i s  not wider than  the  victim  receiver bandwid th ,  
BWR  =  0  dB  shou ld  be  assumed.  

The  method  considering  RP  i s  as  fo l lows.  

I n  the  case  where  the  m in imum  received  fie l d  s treng th  Emin  (dBμV/m)  and  the  RP  (dB)  of the  

victim  receiver are  known ,  the  perm issib le  in terference  e lectric  fi e ld  i s  ca lcu lated :   

 Ei r  =  Emin  –  RP  +  BWR  (45)  

From  the  perm iss ible  in terference  e lectric fi e l d ,  the  perm issible  i n terference magnetic fi e ld  Hir 

(dBμA/m)  can  be  obtained :  

 Hi r  =  Ei r  – 51 , 5  (46)  

And  then ,  the  effective  rad iated  power ERP of i n terference  source  at d is tance  r from  victim  
receiver can  be  determ ined  by propagation  attenuation  l oss  between  in terference  source  and  
victim  receiver.  Propagation  attenuation  loss  exponent i s  normal l y i n  the  range  of 2  to  4  
(where  2  i s  for propagation  i n  free  space,  4  is  for re lativel y l ossy envi ronments) .  I n  some 
envi ronments ,  such  as  bu i l d ings,  stad iums and  other i ndoor envi ronments,  the  propagation  
attenuation  l oss  exponen t can  reach  values  in  the  range  of 4  to  6 .  

The  magnetic d ipole  moment m  (Am2)  can  be  ca lcu lated  from  the  effecti ve  rad iated  power of 
i n terference  source  at  d is tance  r from  victim  receiver,  Pi s , ERP  (kW)  level .  

  (47)  

where  

λ   i s  the  wavelength .  

F ina l l y,  the  magnetic fie ld  l im i ts  Hl im i t  (A/m)  for i n terference  source  at  measuring  d istance  d ,  

i . e .  at the  pos i tion  of the  antenna  of the  measuring  equ ipment can  be  ca lcu lated .  The  
rad iation  d i rection  from  in terference source  is  d i vided  i n to  coaxia l  and  coplanar d i rections.  
The  magnetic fie l ds  for these  d i rections  are  computed  by 
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 (48)  
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where  

λr  i s  the  rad ian  wavelength  and  i s  equal  to  λ /2π.  

Then ,  Hl im i t  i s  chosen  to  the  maximum  value  of Hcoaxial  and  Hcoplanar  i n  the  view poin t of worst 

case  as  fo l l ows:  

 Hl im i t  =  max (Hcoaxi al ,  Hcoplanar)   (50)  

5.7  Rational  for determination  of C ISPR l im its  i n  the  frequency range above 1  GHz 

NOTE  References  found  i n  th i s  subclause  are  l i s ted  i n  ther B ib l i og raphy.  

5.7. 1  In troduction  

I n  5. 6,  another su i table  method  for estimation  of em ission  l im i ts  for a  g i ven  type  of equ ipment 
i s  described .  The  same  or s im i l ar approach  can  be  used  for the  frequency range  above 
1  GHz.  For rad iation  coupl i ng ,  dependence of the  perm issib le  d is turbance fie l d  streng th  from  

the  wanted  s ignal  µw,  the  s ignal -to-d isturbance  ratio  Rp ,  and  other i n fl uence  factors  can  be  

estimated  based  on  Equations  (21 )  and  (22)  found  i n  5. 5.  

Seven  probabi l i ty or i n fl uence factors  P1  to  P7  have  to  be  considered .  These  i n fl uence factors  

take  i n to  account e. g .  the  an tenna  gain ,  the  attenuation  of the  d isturbance  fie ld  strength  as  i n  
Equation  (21 ),  and  other cond i ti ons.  However,  for better a l i gnment wi th  term inology used  for 

statistics  the  seven  i n fl uence factors  P1  to  P7  are  further treated  i n  the ir mean  values  as  µP1  
to  µP7 .  I t  shal l  be  noted  that the  values  for µP1  to  µP7  can  be  used  i n  l ogari thm ic terms  ( i . e.  i n  

dB)  on l y.  

Taking  i n to  account  Equation  (22)  we  can  wri te  

 ELim i t=  µ i  +  tβσi  

wi th  tβ  =  0 , 84,  and  the  l im i t  becomes:  

 ELim i t  =  µw  –  Rp  +  µP1  +  µP2  +  µP3  +  µP4  +  µP5  +  µP6  +  µP7  

 +  tβσi  – tα(σP1
2+  σP2

2  +  σP3
2+  σP4

2+  σP5
2  +  σP6

2  +  σP7
2)1 /2  (36)  

where:  

ELim i t  i s  the  mean  value  of the  perm iss ib le  d isturbance fi e l d  streng th  at a  speci fi ed  

d istance  d  from  the  d isturbance  source;  

µw  i s  the  m in imum  va lue  of the  wanted  fi el d  strength  at the  edge  of the  service  area  of the  

rad io  service  concerned ;  

Rp  i s  the  m in imum  acceptable  value  of the  s ignal -to-d isturbance ratio  ( i . e .  the  protection  

ratio)  at the  receiver's  an tenna  port or feed ing  poin t;  

µP1  i s  the  expected  mean  va lue  that the  major l obe  of the  d isturbance fie l d  s treng th  is  not  

i n  the  d i rection  of the  victim  receiver;  
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µP2  i s  the  expected  mean  value  that the  d i rectional  receiving  an tenna  does  not have  i ts  

maximum  pick-up  i n  d i rection  of the  d isturbance source;  

µP3  i s  the  expected  mean  value  that for a  mobi l e  receiver the  s i gnal  to  noise  ratio  can  be  

improved  by keeping  a  certa in  d istance  to  the  d isturbance source  and  that  the  mobi l e  
receiver is  used  wel l  i ns ide  the  respective  rad io  service  area;  

µP4  i s  the  expected  mean  marg in  that the  d is turbance  s i gnal  i s  below the  l im i t;  

µP5  i s  the  expected  mean  value  that the  type  of d isturbance s i gnal  generated  wi l l  produce  

a  s i gn i ficant  effect i n  the  receiving  system ;  

µP6  i s  the  expected  mean  va lue  that the  d isturbance source  is  l ocated  in  a  d istance  to  the  

receiving  system  wi th in  wh ich  in terference i s  l ikel y to  occur;  

µP7  i s  the  expected  mean  va lue  that bu i l d ings  provide  a  certa in  degree  of add i tiona l  

attenuation .  

Due to  l ack of sufficient statistical  data,  Equation  (36)  i s  on l y anal ysed  in  terms  of the  mean  
values  of the  i n fl uence factors  wh i le  neg lecting  the  va lues  for the  standard  deviation .  

Equation  (36)  i s  va l id  for mean  va lues  of i n fl uence  factors  (g iven  in  dB)  assum ing  a  l og -
normal  d istribu tion  of thei r figures.  Notice  that the  l atter may not be  fu l fi l l ed  for each  factor i n  
each  i nd ividual  case.  By i nserting  appropriate  practical  figures,  Equation  (36)  can  be  used  to  
estimate  a  l im i t  ELim i t  for the  perm issib le  d is turbance fie l d  s trength .  

For an  estimation  of l im i ts  re lated  to  the  power of rad iated  d isturbances ,  e. g .  as  needed  for 
em ission  measurements  i n  reverberation  chambers,  PLim i t  can  be  derived  from  ELim i t  (see  

Equation  (36))  us ing  the  fol l owing  equation :  

 ELim i t  [dB(µV/m)]  =  1 04, 8  dB  +  Pl im i t  [dB(mW)]  +  GS  [dB]  – 20  l g  (d/dRef)  [dB) ]  (36a)  

I f d i s  the  measuring  d is tance  (e. g .  3  m ),  and  GS  i s  the  gain  of the  d istu rbance  source,  wh ich  

can  be  replaced  by µP1 ,  then  

 Pl im i t  [dB(mW)]  =  ELim i t  [dB(µV/m)]  – 1 04, 8  dB  – µP1  [dB]  +  20  l g  (d/dRef)  [dB)]  

and  wi th  d  =  3  m  ( i . e.  20  l g  (d/dRef)  =  9 , 5  dB)  we  get 

 Pl im i t  [dB(mW)]  =  ELim i t  [dB(µV/m)]  – 95,3  dB  – µP1  [dB]  (36b)  

5.7.2  Consideration  and  estimated  values  of µP1  to  µP7  

5. 7.2 .1  Rad iation  pattern  of the  d isturbance source  (µP1 )  

5. 7.2 .1 . 1  Consideration  of µP1  

Sources  generating  rad iated  d isturbances  in  the  frequency range  above 1  GHz usual l y show 
d i rectional  rad iation  pattern  wh ich  have  one  or more  main  l obes  and  a lso  s ign i ficant notches.  

The  in fluence factor describes  the  marg in  of an  averaged  pattern  fi gure  of the  EUT to  the  
d isturbance l evel  measured  at  maximum  beam  d i rection .  

Factor µP1  i ncreases  the  perm issib le  l im i t and  has  to  be  added  on  the  righ t hand  s i de  of 

Equation  (36b).  
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5.7.2 .1 .2  Estimation  for the  possible  range of µP1  

I n  [4]  an  an tenna  ga in  of abou t 6  dB  i s  estimated  for l arge  EUTs,  i n  the  frequency range  
above 1  GHz.  Th is  cou ld  be  i n terpreted  such  that on  average,  the  d isturbance fi e ld  s trength  
may be  6  dB  be low the  maximum  value  measured  on  the  test s i te.  

I n  [5]  i t  i s  estimated  further that,  for the  frequency range  above  1  GHz,  measurement resu l ts  
obtained  at the  test s i te ,  on  average  wi l l  be  about 6  dB  below the  maximum  rad iation  of the  
d isturbance sources.  Th is  means  that the  resu l ts  obta ined  from  test s i te  measurements  are,  
on  average,  s ign i ficantl y below the  l im i t,  owing  to  the  rad iation  pattern .  Reference [4]  a lso  
g i ves  evidence that for large  i ncrements  of rotation  the  read ings  are  on  average  8 , 6  dB  be low 
the  maximum,  wh i l e  wi th  smal ler i ncrements  the  read ings  wi l l  be  on  average  3  dB  below the  
maximum  em ission .  

Rad iation  pattern  of real  EUTs  are  presented  i n  [8 ] .  These  measurement resu l ts  show that,  i n  
the  frequency range  1  GHz to  3  GHz,  the  average  rad iation  pattern  i s  regu larl y about 3  dB  to  
6  dB  below maximum  rad iation  found  at  another nearby rotation  pos i ti on .  I t  can  a lso  be  seen  
that,  at  h i gher frequencies,  the  rad iation  pattern  may branch  more  and  more  i n  each  d i rection  
and  that s i ng le  beams  wi th  smal l  beam  wid ths  appear.  

Considering  the  facts  i n  [4 ] ,  [5] ,  and  [8]  i t  i s  assumed  that,  on  average,  the  d isturbances  are  
3  to  8  dB  be low the  maximum ,  mean ing  that:  

 µP1  ranges  from    3  dB  to  8  dB.  

5.7.2 .2  Antenna gain  of the  victim  to  the  d isturbance source (  µP2)  

5.7.2 .2 .1  Consideration  of µP2  

Rad iated  d istu rbances  and  wanted  RF  s i gnals  wi l l  usual l y reach  the  receiver's  an tenna  from  
d i fferent d i rections.  The  ga in  Gw  of the  receiving  an tenna  i s  avai l ab le  in  d i rection  of the  

wanted  RF  fie ld  strength .  The  d isturbance fi e ld  strength  can  be  expected  from  a  d i fferen t 

d i rection ,  wi th  the  ga in  G i .  Therefore  µP2  represents  the  mean  value  of the  d i fference of both  

ga ins.  Th is  d i fference g ives  the  avai l able  gain  Gav  for the  improvement of the  actual  s i gnal  to  

d isturbance ratio  R:  

 Gav  =  µP2  =  Gw  – G i  (37)  

The  estimated  value  µP2  i ncreases  the  perm issib le  l im i t  and  has  to  be  added  on  the  ri gh t 

hand  s i de  of Equation  (36).  

5.7.2 .2 .2  Estimation  for the  possible  range of µP2  

The an tenna  gain  Gw  of the  rad io  receiver i n  d i rection  of the  wanted  RF  fi e ld  strength  

depends  on  the  rad io  service  and  can  assume values  between  0  dB  (for mobi l e  rad io  
services,  such  as  GSM,  DCS,  or UMTS)  and  80  dB  (for certa in  fixed  rad io  services) .  I n  the  
frequency management,  a  va lue  of G i  =  6  dB  i s  used  for the  gain  i n  other d i rections  i f the  gain  

i n  the  main  lobe  of the  receiver an tenna  i s  g reater than  6  dB.  
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I n  respect  of EMC the  fol l owing  range  shou ld  be  used :  
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5.7.2 .3  Mobi le  receiver (  µP3)  

5.7.2 .3.1  Consideration  of µP3  

This  factor takes  i n to  account that a  mobi le  receiver can  a lways  be  moved  away from  the  
d isturbance  source  and  that the  receiver wi l l  be  provided ,  i ns ide  the  rad io  service  area,  wi th  a  
wanted  RF  fie ld  strength  wh ich  i s  stronger than  the  m in imum  wanted  RF  fi el d  strength  at the  
edge  of the  service  area.  

The  estimated  value  µP3  i ncreases  the  perm issib le  l im i t  and  has  to  be  added  on  the  ri gh t 

hand  s i de  of Equation  (36).  

5.7.2 .3.2  Estimation  for the  possible  range of µP3  

From  a  frequency management poin t of view,  for mobi l e  rad io  services  and  particu larl y for 
base  stations  there  i s  a  need  for more  RF  channels  i f rad iated  d isturbances  i ncrease  wi th in  
the  wanted  rad io  frequency (RF)  band ,  in  a  g i ven  area and  environment.  Th is  i s  the  reason  

why the  frequency management can  on l y propose a  factor of 0  dB,  for µP3 .  From  

representati ves  of other branches  of i ndustry i t  i s  requ i red  that the  worst case  can  not be  
used  for the  estimation  of d isturbance l im i ts .  From  the  l atter perspective,  i t  wou ld  be  possib le  

to  to lerate  values  for factor µP3  i n  the  range  of 6  dB.   

Furthermore,  the  mobi le  receiver i s  used  rather seldom  at the  edge  of the  service  area,  i n  
particu lar i f a  ce l l u lar rad io  service  is  considered .  Therefore  the  wanted  RF  fie ld  s trength  used  
for calcu lation  of the  perm issib le  d isturbance fi e ld  strength  shou ld  be,  on  average,  h igher than  
the  m in imum  wanted  RF  fie l d  s trength  requ ired  at  the  edge  of the  service  area.  

Cons idering  the  phys ical  laws,  the  wanted  RF  fie l d  strength  decreases  l i nearl y wi th  d istance  
wh i l e  the  service  area  i ncreases  wi th  the  square  of th is  d istance.  For cons ideration  of the  
mobi l i ty of the  receiver,  the  wanted  RF  fi e ld  strength  at  the  edge  of ha l f of the  service  area  is  
used .  

The  service  area  depends  on  the  d istance  by square  root of the  d istance.  The  fi el d  s trength  
depends  on  the  d istance  l inearl y.  Th is  means:  
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Under th is  cond i ti on  the  wanted  RF  fi el d  strength  Ew  used  for calcu lation  can  be  increased  by 

3  dB,  compared  to  the  m in imum  wanted  RF  fie l d  strength  requ i red  at the  edge  of the  service  
area.  I nstead  of us ing  an  i ncreased-by-3-dB  wanted  RF  fi e l d  streng th  for the  ca lcu lation  of the  
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respective  d isturbance  l im i t  one  can  a lso  conti nue  to  use  the  m in imum  wanted  RF  fie ld  

strength  requ i red  at  the  edge  of the  service  area  and  add  the  3  dB  to  the  i n fl uence factor µP3 .  

The  poss ib i l i ti es  for mobi le  rad io  receivers  to  be  used  wel l  i ns ide  a  g iven  service  area  and  to  
extend  the  d istance  to  the  d istu rbance source  by being  moved  away from  that source  shou ld  

be  taken  in to  account by setting  the  range  for the  mean  value  µP3  of the  i n fl uence factor from  

0  dB  up  to  9  dB:  

 µP3  ranges  from    0  dB  to  9  dB.  

5.7.2 .4  Emission  l evel  of the  d isturbance  source  i s  below the l imi t  (  µP4)  

5.7.2 .4.1  Consideration  of µP4  

Usual l y,  d isturbances  from  a  certain  source  do  not j ust meet the  l im i ts ,  bu t have  a  certa in  

marg in  to  them .  Factor µP4  coun ts  for the  estimated  average  of the  m in imum  marg in  of the  

d isturbance to  the  l im i t.  

The  estimated  value  µP4  i ncreases  the  perm issib le  l im i t  and  has  to  be  added  on  the  ri gh t  

hand  s i de  of Equation  (36).  

5.7.2 .4.2  Estimation  for the  possible  range of µP4  

An  EUT conforms wi th  the  l im i t  when  the  maximum  d isturbance em iss ion  is  below (or equal  
to)  the  l im i t.  Th is  a lso  means  that the  d i fference  between  the  l im i t  and  the  d is turbance i s  
greater than  (or equal  to)  zero.  

Contribu tion  [7]  conta ins  an  estimation  of the  marg in  to  the  l im i t  for 49  samples  of class  A and  
class  B  I T  equ ipment.  The  average  marg in  to  the  FCC l im i t for a l l  49  products  i s  abou t 1 2  dB.  

The  273  measurement values  of the  marg in  to  the  l im i t reported  i n  [7]  are  d istributed  over a  
range  from  -2, 6  dB  to  +31 , 9  dB.  

As  a  resu l t  of th is  i nvesti gation  i t  can  be  assumed  that µP4  i s  usual l y i n  the  range  of:  

 µP4  ranges  from  0  dB  to  24  dB.  

5. 7.2 .5  In terference  depending  on  the  bandwidth  of the  rad io  service  (  µP5)  

5. 7.2 .5. 1  Consideration  of µP5  

For conti nuous  broadband  d isturbances,  the  i n terference potentia l  to  a  receiving  system  
depends  on  the  wanted  RF  s ignal  bandwid th  of the  victim  receiver.  The  h igher the  wanted  RF  
s i gnal  bandwid th  Bwant  o f the  victim  receiver or i ts  respective  rad io  service  i s ,  the  h i gher the  

i n terference poten tia l  wou ld  be,  compared  to  the  RF  bandwid th  Bmeas  of the  measurement 

receiver.  That a lso  means  that  the  i n terference potential  i s  l ower i f the  RF  bandwid th  of the  
rad io  service  i s  smal ler than  that of the  measurement receiver.  Even tual l y,  the  i n terference 
poten tia l  of a  source  of broadband  d isturbances  a lso  depends  on  the  ratio  of the  bandwid th  
Bnoise  of the  broadband  d isturbance  to  the  bandwid th  of the  wanted  rad io  s i gnals  Bwant  

actual l y cons idered .  

I n  practice,  three  cases  may occur that  requ i re  adequate  cons ideration .  
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Case  a)    Bwant  <  Bnoise  <  Bmeas  

I n  th is  case,  ca lcu lation  of µP5  shal l  de l i ver negative  dB  va lues,  s i nce  not  on l y one  receiving  

channel  may be  i n terfered  wi th ,  bu t several  ones.   

I n  view of th is ,  the  perm issible  broadband  d isturbance can  be  described  by Equation  (40a)  as  
ratio  of the  bandwid th  for the  cons idered  ind ividual  rad io  service  to  the  bandwid th  of the  
broadband  d isturbance:  

 
noise

want
mp

B

B
EE =  (40a)  

where:  

Em  i s  measured  d isturbance fie ld  s trength ;  

Ep  i s  perm issib le  d is turbance fie l d  strength  for the  considered  rad io  service;  

Bnoise  i s  bandwid th  of the  broadband  d isturbance;  

Bwant  i s  bandwid th  of the  cons idered  rad io  service  for the  wanted  s i gnal .  

For estimation  of the  decrease  requ i red  for the  perm iss ible  d isturbance fie l d  strength ,  the  

value  of µP5  can  be  calcu lated  by Equation  (41 a) :  

 







⋅=

noise

want
1 0P5 log1 0

B

B
µ  (41 a)  

Case  b)    Bmeas  <  Bnoise  <  Bwant  

I n  th is  case,  ca lcu lation  of µP5  can  del i ver posi ti ve  dB  values,  s i nce  the  d isturbance  may not 

occupy the  whole  receiving  channel  of the  victim  receiver concerned .  

I n  view of th is ,  the  perm issible  broadband  d isturbance  can  be  described  by Equation  (40b)  as  
ratio  of the  bandwid th  of the  broadband  d isturbance to  the  bandwid th  of the  measuring  
receiver:  

 
meas

noise
mp

B

B
EE =  (40b)  

where:  

Em  i s  measured  d isturbance fie ld  s trength ;  

Ep  i s  perm issib le  d is turbance fie ld  s trength  for the  cons idered  rad io  service;  

Bnoise  i s  bandwid th  of the  broadband  d isturbance;  

Bmeas  i s  bandwid th  of the  measurement receiver.  

For estimation  of a  re laxation  poss ible  for the  perm issib le  d is turbance  fie ld  strength ,  the  value  

of µP5  can  be  ca lcu lated  by Equation  (41 b):  

 







⋅=

meas

noise
1 0P5 log1 0

B

B
µ  (41 b)  
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Case  c)    Bnoise  >  Bmeas  and  Bwant,  respectivel y 

I n  th is  case  of true  broadband  d istu rbance,  ca lcu lation  of µP5  can  del i ver posi ti ve  as  wel l  as  

negative  dB  va lues,  s ince  the  assessment resu l t on l y depends  on  the  ratio  of the  wanted  RF  
s i gnal  bandwid th  to  the  measurement bandwid th .  

I n  view of th is ,  the  perm issible  broadband  d isturbance can  be  described  by Equation  (40c)  as  
ratio  of the  bandwid th  of the  cons idered  i nd ividual  rad io  service  to  the  measurement 
bandwid th :  

 
meas

want
mp

B

B
EE =  (40c)  

where:  

Em  i s  measured  d isturbance fie ld  s trength ;  

Ep  i s  perm issib le  d is turbance fie ld  s trength  for the  cons idered  rad io  service;  

Bmeas  i s  bandwid th  of the  measuring  receiver;  

Bwant  i s  bandwid th  of the  cons idered  rad io  service  for the  wanted  s i gnal .  

For estimation  of an  i ncrease  or decrease  a l l owed  for the  perm issib le  d isturbance fie l d  

strength ,  the  value  µP5  can  be  ca lcu lated  by Equation  (41 c):  

 







⋅=

meas

want
1 0P5 log1 0

B

B
µ  (41 c)  

The  estimated  value  of µP5  for broadband  services  has  to  be  added  on  the  right hand  s i de  of 

Equation  (36).  

5.7.2 .5.2  Estimation  for the  possible  range of µP5  

The value  of µP5  can  be  calcu lated  by Equation  (41 )  and  is  determ ined  by the  bandwid th  of 

the  cons idered  rad io  service.  

5.7.2 .6  Ratio  of the  d istance between  source and  victim  to  the  measurement  

d istance (  µP6)  

5. 7.2 .6. 1  Consideration  of µP6  

The l im i t  of the  d is turbance  em ission  i s  speci fied  for the  test s i te  wi th  a  normative  fixed  
measurement d is tance  d.  I n  practice,  the  actual  d istance  r between  the  d isturbance source  

and  the  victim  is  usual l y qu i te  d i fferent when  the  victim  is  used  as  i n tended .   

The  normative  measurement d is tance  d i s  3  m .  The  ratio  of the  two d istances  r and  d  
determ ines  the  add i tional  attenuation .  

The  estimated  va lue  µP6  u sual l y increases  the  perm issib le  l im i t  and  has  to  be  added  on  the  

ri gh t hand  s ide  of Equation  (36) .  

5.7.2 .6.2  Estimation  for the  possible  range of µP6  

The va lue  of µP6  i s  ca lcu lated  by:  
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 



⋅⋅=
d

r
x 1 0P6 log20µ   (42)  

where  

r  =   actual  d is tance  between  source  and  victim ;  

d =   measurement d is tance;  

x  =  wave propagation  coeffi cien t,  wh ich  i s  1  i n  free-space  propagation  and  somewhat 
h igher (1  to  1 , 5)  for non-free-space  propagation .  

The  estimated  d istance  has  to  take  in to  account  the  average  d istance  for the  i n tended  use  of 
the  rad io  equ ipment.  I nserti ng  practical  d is tances  i n to  Equation  (42)  wi l l  provide  the  poss ib le  

range  of µP6 .  

NOTE  I n  specia l  areas,  where  use  of mobi l e  rad io  commun ication  equ ipment  i s  not  perm i tted ,  l arger d i s tances  r 
can  be  used  for cal cu lati on .  The  estimated  l im i t  i s  val i d  on l y for such  envi ronments.  

5.7.2 .7  Attenuation  of the  bu i ld ing  (  µP7)  

5.7.2 .7.1  Consideration  of µP7  

An  add i tional  attenuation  between  the  d isturbance source  and  the  victim  reduces  the  level  of 
d isturbance  and  depends  on  the  pos i ti on  of source  and  victim .  Two options  for calcu lati ng  the  
perm issible  d isturbance fi el d  s trength  are  cons idered :  option  a) ,  where  the  d isturbance source  
and  the  victim  are  ins ide  the  bu i l d ing  and  option  b),  where  one  i s  i ns ide  the  bu i l d ing  and  the  
other is  ou ts ide.  

The  estimated  value  µP7  i ncreases  the  perm issib le  l im i t  and  has  to  be  added  on  the  ri gh t  

hand  s i de  of Equation  (36).  

5.7.2 .7.2  Estimation  for the  possible  range of µP7  

For option  a)  i t  i s  assumed  that an  attenuation  va lue  i n  the  range  of 0  dB  to  6  dB  is  su i table .  
For option  b),  an  attenuation  value  i n  the  range  of 2  dB  to  20  dB  is  assumed .   

Depend ing  on  the  l ocation  of the  victim  and  d isturbance sou rce  i t  i s  proposed  that the  
fol l owing  be  used :  

 µP7  ranges  from  0  dB  to  20  dB.  

5. 7.3  Equ ivalent EMC envi ronment below and  above  1  GHz 

I n  5. 6. 4  i t  i s  a lso  mentioned  that ca lcu lation  of l im i ts  based  on  statis tics  can  not be  the  one  
and  on l y way of estimating  CISPR l im i ts.  Pos i ti ve  practical  experience  wi th  existing  l im i ts  i s  
a lso  a  powerfu l  argument.  For th is  reason ,  the  ratio  of l im i ts  at about 1  GHz as  borderl ine  
between  existing  l im i ts  and  new l im i ts  can  be  cons idered .  However,  as  rad io  services  above  
1  GHz are  main l y based  on  d i fferen t technolog ies  they can  be  regarded  more  robust 
compared  to  the  analogue  techn iques  wh ich  were  the  bas is  for l im i ts  below 1  GHz.  For the  
ca lcu lation  i t  i s  assumed  that rad io  services  and  appl ications  operati ng  at  frequencies  above  
or below 1  GHz are  to  be  protected  i n  the  same way.  

For such  a  comparison  the  same mobi le  rad io  service  i n  the  frequency range  above  1  GHz as  
i n  the  frequency range  below 1  GHz may be  used .  For th is  comparison  cons ideration  of the  
l im i ts  of GSM  (900  MHz)  and  DCS (1 800  MHz)  may be  usefu l ,  owing  to  the  fact that both  
rad io  services  have  comparable  functional  parameters.  
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Table  4  contains  the  re levan t data  of protected  wanted  RF  fi e l d  streng th ,  the  CISPR l im i t for 
measurements  wi th  a  quas i -peak (QP)  detector at  a  measurement d istance  of 1 0  m  under free  
fie l d  cond i ti ons,  and  the  procedure  for the  estimation  of an  equ ivalent l im i t at 1  800  MHz for 
the  d i fferent measurement procedure  under free-space wave  propagation  cond i tions,  wi th  a  
d i fferent  detector type  and  a  d i fferent measurement bandwid th .  

Factor x (dB)  takes  i n to  account  a  transposi ti on  of the  appropriate  l im i t from  CISPR 22  at  
about 900  MHz from  1 0  m  to  3  m  measurement d is tance  normal l y used  for d istu rbance  
measurements  i n  the  frequency range  above  1  GHz.  Th is  shal l  be  added  to  the  CISPR l im i t.  

Factor y (dB)  takes  i n to  account the  transfer from  free-fie ld  wave propagation  cond i tions  (as  
e. g .  at OATS)  to  free-space  wave propagation  cond i tions  as  normal l y defi ned  for d isturbance 
measurements  in  the  frequency range  above 1  GHz.  Th is  shal l  be  subtracted  from  the  CISPR 
l im i t.  

Even tual l y,  the  d i fference d between  the  estimated  l im i t and  the  wanted  RF  fie l d  strength  at  
900  MHz can  be  used  for estimation  of the  CISPR l im i t  at  1  750  MHz.  

Table  4  – Calcu lation  of permissible  l im its  for d isturbances  at  about 1  800  MHz  
from  existing  CISPR l im i ts  in  the  frequency range of 900  MHz 

 GSM  at about 900  MHz DCS  at abou t 1  800  MHz 

Protected  wanted  RF  fi e l d  strength   32  dB(µV/m)  42  dB(µV/m)  

Transfer l im i t  of 37  dB(µV/m)  at  1 0  m   
to  3  m  by add i ti on  of x dB  

(37+x)  dB(µV/m)  -  

Transfer OATS  to  free  space  cond i ti ons  
by subtraction  of y dB  

(37+x-y)  dB (µV/m)  -  

Transfer QP  to  AV detector a  (37+x-y)  dB (µV/m)  +  about  z  dB  -  

Transfer 1 20  kHz to  1  MHz measurement  
bandwid th  by add i ti on  of 9 , 2  dB  

(37+x-y +  z)  dB(µV/m)  +  abou t 9 , 2  dB  -  

D i fference  d  between  the  CI SPR l im i t  for 
perm issible  d i stu rbance  and  the  wanted  

RF  fi e l d  s trength  at  900  MHz 

d  =  [(37+x-y +  z)  dB  +  9 , 2  dB ]  -  32  dB  -  

Resu l ti ng  l im i t  for perm issib le  
d i sturbances  at  1 800  MHz 

-  (42  +  d)  dB  (μV/m)  

a  I n  case  of CW-type  d i sturbances  the  use  of an  average  detector does  not  requ i re  add i ti onal  corrections .  
However a  factor z  i s  provi ded  for appropriate  consideration  of non-conti nuous  d i stu rbances.  

  

5.7.4   Overview on  parameters  of radio  commun ication  services  operating  i n  the  
 frequency range  above  1  GHz and  up  to  1 6  GHz wi th  effect  to  e lectromagnetic  
 compatibi l i ty 

Table  5  con tains  a  l i s t of rad io  communication  services  operating  i n  the  frequency range  
above  1  GHz and  up  to  1 6  GHz.  I t  con tains  valuable  data  of rad io  parameters  wi th  re levance 
to  EMC.  The  data  set ou t i n  Table  5  can  be  used  to  ca lcu late  l im i ts  for perm issib le  
d isturbances  emanating  from  equ ipment,  systems or even  i nstal l ations,  i n  the  frequency 
range  above 1  GHz.  For such  calcu lations  and  estimations,  the  model  set ou t in  5. 7  shou ld  be  
used .  

The  readers  and  users  of the  present document are  i nvi ted  and  encouraged  to  accompl ish  the  
en tries  i n  Table  5  by thei r own  data  and  to  subm it  the ir find ings  to  Subcommittee  H  of CI SPR,  
wh ich  is  responsib le  for main tenance  of th is  CISPR Report.  
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Table  5  – List of radio  services,  typical  parameters,  and  i nfluence factors  
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E
d
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B
(µ
V
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Navigation  a i d  1  085  -  1  095  56  8  48  1 0  000  1 1                          

Rad ioamateur 1  240  -  1  300  -5  1 0  -1 5  3  6                          

Radar 1  250  -  1  260  31  20  1 1  500  35                          

T-DAB  1  452  -  1  462  43  28  1 5  1  540  0                          

  1  452  -  1  463  43  28  1 5  1  540  0                          

GPS  1  575. 42  5  -36  41  1  000  0                          

GSM  1 800  base  1  71 0  -  1  785  38  9  29  200  1 8                          

GSM  1 800  
mobi l e  

1  805  -  1  880  40, 5  9  31 , 5  200  0        

                  

  1  805  -  1  881  42  9  33  200  0                          

GSM  1  71 0  -  1  805  38  9  29  200  0                          

  1  71 0  -  1  806  38  9  29  200  0                          

DECT  1  880  -  1  900  59  1 0  49  1  700  0                          

UMTS  FDD  base  1  920  -  1  980  23  -6  29  5  000  1 8                          

UMTS  FDD  mobi l  2  1 1 0  -  2  270  26  -9  35  5  000  0                          

UMTS  TDD  1  900  -  2  025  25  -1 0  35  5  000  35                          

UMTS  extension  2  500  -  2  690  26  -9  35  5  000  0                          

Rad ioamateur 2  320  -  2  400  4 , 5  6  -1 , 5  3  6                          

BOS/ Broadcast 2  320  -  2  500  69  30  39  1 4  000  6                          

F i xed  serv.  PMP  2  540  -  2  670  43  26  1 7  1 4  000  6                          

Radar 2  700  -  2  900  37  1 0  27  1  000  33                          

Rad ioamateur 3  400  -  3  475  8  1 0  -2  3  1 2                          

F i xed  serv.  PMP  3  41 0  -  3  580  46  36  1 0  1 4  000  1 8                          

F i xed  serv.  PMP  3  800  -  4  200  49  36  1 3  29  000  45                          

HPERLAN/1  5  200  68  1 2  56, 3  23  500  0                          

WLAN  5  1 50  -  5  725  69  1 6  53  20  000  0                          

Rad ioamateur 5  650  -  5  850  1 2  1 0  2  3  1 2                          

Demo. rad io  5  725  -  5  875  38  1 0  28  200  0                          
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Remote  con trol  5  725  -  5  875  42  1 0  32  2500  0                          

F i xed  serv.  PMP  5  930  -  6  41 9  54  36  1 8  30  000  60                          

F i xed  service  6  425  -  7  1 25  56  36  20  40  000  50                          

F i xed  service  7  1 37  -  7  41 3  69  36  33  1 4  000  44                          

Narrowb,  fi xed  
services  

7  41 3  -  7  425  30  36  -6  1 00  44        

                  

F i xed  service  7  425  -  7  725  55  36  1 9  28  000  44                          

Demo. rad io  9  235  -  9  475  42  1 0  32  200  0                          

Radar 9  1 85  -  9  1 70  42  1 0  32  2  500  34                          

Rad io  amateur 1 0  000  -  
1 0500  

1 7  6  1 1  3  1 2        
                  

Sat.  Broad . /1 MHz 1 1  400  -  
1 2  400  

60  23  37  1  000  0        

                  

F i xed  service  1 2  750  -  
1 3  250  

60  36  24  28  000  49        
                  

F i xed  service   1 5  320  -  
1 5  350  

59  36  23  1 4  000  47        
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Annex A  
 

Excerpt from CISPR Report No.  31  
Values  of mains  decoupl ing  factor  
in  the  range 0,1  MHz to 200  MHz 

 

 (Th is  Report  provides  a  partia l  answer to  Study Question  No.  54/1  of 1 964  wh ich  remains  
under consideration . )  

(Stresa,  1 967)  

1 .  F i gure  1 ,  page  50,  shows med ian  values,  standard  deviations  and  m in imum  values  of 
mains  decoupl ing  factor,  defi ned  as  the  ratio  of vol tage  in j ected  i n to  the  mains  and  the  
resu l tan t vol tage  measured  at the  end  of a  term inated  aeria l  feeder.  The  values  i n d icated  
were  obtained  by various  au thors  (see  references  below)  under d i fferent cond i tions  of 
measurement.  They general l y apply to  an  asymmetrical  source  connected  in  a  random  
manner between  the  "phase"  and  "nu l l "  conductor of a  s ing le  phase  mains  suppl y s ystem  *   
and  to  wel l  screened  receivers .  I n  the  frequency range  up  to  30  MHz,  the  data  appl y 
main l y to  receiving  i nstal lations  wi th  indoor aeria ls  (exclud ing  ferri te  aeria ls);  above  th is  
frequency,  most of the  coupl ing  measurements  were  made  at i nsta l l ations  wi th  ou tdoor 
aeria ls.  

2 .  I n  F igure  2 ,  page  51 ,  an  attempt is  made to  syn thes ize  the  avai l able  data,  taking  as  far as  
poss ib le  accoun t of the  d i fferences  between  the  various  sources.  I t  i s  bel ieved  that the  
curves  shown  represent a  conservative  estimate  of the  decoupl i ng  factor to  be  expected  
between  sources  and  receivers  l ocated  i n  the  same or immed iatel y ad jo in ing  apartments  
of the  same bu i ld ing .  

3.  F i gure  3 ,  page  51 ,  shows  typica l  d is tribu tions  of measured  va lues  wh ich  may be  used  to  
determ ine  decoupl i ng  factors  for a  percen tage  of cases  other than  50%.  

References  

i )  S.  Wh i tehead :  A  tentative statistical study of domestic radio interference .  J ournal  I EE,  
p.  I I I . ,  vol .  90  -  1 943.  

i i )  V.  P.  Pevn icki ,  F .  E .  I l geki t:  Charakteristiki systemi podavlenia radiopomech .  
E lektricestvo  1 956,  N r.  6 .  

i i i )  V.  V.  Rod i ti ,  M .  S .  Garcenste in :  Priomnye antenny i industrialnye radiopomechi.  
Rad iotechn ika  1 956,  N r.  9 .  

i v)  Reports of the  Research Institute of Telecommunications (VUS)  -  Prague  N r.  339/1 961  
and  Nr.  1 968/66.  

v)  I n terim  Report VUS  1 965/1 966.  

vi )  Document C. I . S.P.R. (U .K. )376.  

vi i )  Documents  C. I . S.P.R. /WG6(U .K. /McLach lan)  6 , 7 .  

Secretarial Note.   The  C. I . S .P.R.  Secretari at  d oes  not  hol d  copies  of the  above  documents .  I f these  are  requ i red ,  
appl i cation  shou l d  be  made  to  the  Nati onal  Correspond ing  Member of the  Working  Group  concerned .  

————————— 
*  I n  the  Un i ted  Kingdom  measurements ,  the  asymmetrical  source  was  connected  between  the  earth  conductor and  
the  l i ne  and  neutral  conductors  connected  together i n  the  manner i nd icated  i n  F i gu re  4A,  page  52 .  
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APPENDIX A TO REPORT 31  

I n  the  measurement of mains  decoupl i ng  factor,  the  fo l lowing  pri ncipal  requ i rements  must be  
observed :  

1 .  The  i n ternal  res istance,  the  symmetry to  ground  and  the  polari ty of connection  to  the  
mains  of the  s i gnal  source  used  for measurement shou ld  correspond  to  s im i lar parameters  
of actual  appl iances.  

2 .  The  output vol tage  of the  source  shou ld  be  measured  by the  methods  used  for checking  
compl iance  wi th  l im i ts .  

3 .  Throughou t the  whole  measurement,  actual  receiving  aeria ls  as  found  at  the  measured  
l ocations  shou ld  be  used .  

4 .  The  input impedance of the  measuring  receiver shou ld  approximate,  as  closel y as  
poss ib le,  to  the  va lue  of the  i npu t impedance  of normal  receivers.  

5.  The  s i tes  investigated  shou ld  correspond  qual i tativel y and  quanti tati ve l y to  the  l ocation  at  
wh ich  the  resu l ts  wi l l  be  used .  

The  statistica l  evaluation  i s  usual l y carried  ou t as  i f the  data  belonged  to  a  s ing le  statistical  
set of random  values.  U sing  th is  method ,  the  range  of d istances  up  to  wh ich  measurements  
are  carried  ou t becomes  very importan t because  the  average  value  and  spread  measured  at  a  
g i ven  s i te  depends  not on l y on  the  properties  of the  e lectrical  i nsta l lations  and  on  the  bu i ld ing  
attenuation ,  bu t a lso  to  a  great exten t on  the  area  around  the  source  covered  by 
measurements.  For example,  by i ncreas ing  th is  area,  i t  i s  possib le  to  obtain  a  l ower average  
and  h igher spread  of the  decoupl i ng  factor.  I t  i s  therefore  necessary to  l im i t  the  extent  of data  
used  for statis tica l  evaluation  to  decoupl ing  factors  for wh ich  i n terference m igh t sti l l  be  
expected  wi th  a  g i ven  term inal  vol tage  l im i t,  a  g i ven  protection  ratio,  and  a  g i ven  m in imum  
usable  sensi ti vi ty of receivers.  

The  decoupl ing  factor amax  beyond  wh ich  i n terference i s  no  longer l i ke l y to  occur and  wh ich  

ought consequen tl y to  be  excluded  from  the  evaluation ,  may be  ca lcu lated  from  the  fo l l owing  
equation :  

 L  – amax  =  s  –  p  

where  

amax  =   maximum  decoupl i ng  factor ( i n  decibels)  

L  =   term inal  vo l tage  l im i t  ( i n  decibels  over 1  µV)  

s  =   m in imum  usable  sens i ti vi ty of receivers  considered  ( i n  decibels  over 1  µV)  

p  =   protection  ratio  ( i n  decibels) .  
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Figure A. 1  – Mains  decoupl ing  coefficient  as  measured  by various  authors  
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Figure  A.2  – Med ian  and  m in imum  values  of mains  decoupl ing  factor 
for the  range 0, 1  MHz to  200  MHz 
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Figure A.3  – Typical  d istributions  of deviations  from  median  value  
of decoupl ing  factor as  ind icated  in  F igure  A.2  
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Figure  A – Measurement wi th  s ignal  generator 
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Figure  B  – Measurement using  actual  appl i ance  

 

Figure  A.4  – Measurement of the  mains  decoupl ing  factor 

International  Electrotechnical  Commission

 



 – 70  – CI SPR TR 1 6-4-4: 2007+AMD1 : 201 7  CSV 

    I EC  201 7  

Annex B   
(informative)  

 
Conversion  of H -field  l imi ts  below 30  MHz for measurement d istances  

B.1  Background  

I n  order to  determ ine  the  H -fie ld  convers ion  factor wi th in  the  boundary of the  test environment 
con tain ing  the  ground  p lane,  a  commercia l  3D  fu l l  wave  s imu lation  tool  has  been  used  and  
the  calcu lation  thereof a long  wi th  measurement records  are  provided  i n  the  fo l lowing  
paragraphs.   

F i gu re  B. 1  i l l ustrates  a  designed  model  us ing  a  commercia l  tool .  The  d imension  of the  ground  
p lane  is  30  m  x 40  m .  The  rad ius  of the  l oop  an tenna,  wh ich  i s  0 , 6  m  and  the  cen tre  of the  
an tenna  is  1 , 3  m  above the  surface  of the  ground  p lane.  For the  measurement of fie l d ,  the  
probes  are  l ocated  a t 3  m  and  1 0  m ,  both  at coaxial  and  coplanar d i rection  (a:  coaxia l  at 3  m ,  
b:  coaxial  at  1 0  m ,  c:  coplanar at 3  m ,  d :  coplanar at  1 0  m ).  

 

Figure B. 1  – Commercial  tool  model  for H -field  conversion  
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F igu re  B. 2  depicts  another designed  model  us ing  a  commercia l  tool ,  and  the  ground  p lane  
has  been  removed  in  order to  appl y image theory wi th  an  add i ti onal  vi rtua l  l oop  an tenna  
posi tioned  at 1 , 3  m  below the  ground  p lane  that has  been  removed .  Th is  model  i s  i n tended  to  
measure  coaxia l  and  coplanar d i rection  componen t from  the  same probe.  

 

Figure B.2  – Commercial  tool  model  for the  appl ication  of image  theory 
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F igure  B . 3  shows the  scene of OATS where  measurement i s  carried  ou t at  1 , 3  m  he igh t from  
the  cen tre  of the  an tenna  wi th  3  m  d istance  between  an tennas  at coaxia l  and  coplanar 
d i rection ,  respective l y.  

  

a)  Measurement at  coaxial  d i rection  at  3  m  b)  Measurement at  coplanar d i rection  at  3  m  

Figure B.3  – Photos  of OATS measurement setup  

Figu re  B. 4  is  a  g raph ical  presen tation  wh ich  a l l ows  us  to  compare  the  resu l ts  from  a  
s imu lation  both  at  coaxia l  and  coplanar d i rections  where  the  ground  p lane  us ing  a  commercia l  
tool  i s  i ncluded  and  where  image  theory has  been  appl ied .  I t  suggests  that the  s imu lation  
resu l t from  each  model  a lmost agrees.  

F i gure  B. 5  presents  comparison  resu l ts  between  the  H -field  conversion  factors  determ ined  by 
us ing  commercia l  tools  and  measurement data.  

 

Figure B.4 – Comparative simulation  resu l t   
wi th  ground  plane  and  with  image theory 
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Figure B.5  – Comparison  between  the s imu lated   
conversion  factors  and  the measurement resu l ts  

B.2  H-field  conversion  factors  obtained  from  simulation  resul ts  

The  convers ion  factors  of measurement d istances  of 3  m  and  1 0  m  are  derived  from  the  
measurement d istance  of 30  m  under the  test environment wi th  the  ground  p lane  for H -fie l d  
measurement.  

The  H -fie ld  l im i t  i n  dBμA/m  at 3  m ,  H3m ,  i s  determ ined  from  H30m  by the  fol l owing  equation :  

 H3m  =  H30m  +  C3_m in  (B . 1 )  

where  

H30m   i s  the  H -fie l d  l im i t  i n  dBμA/m  at 30  m  d istance;  

C3_m in   i s  a  conversion  factor i n  dB  as  shown  i n  F igure  B. 6  and  Table  B . 1  
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Figure B.6  – Conversion  factor C3_min  

Table  B . 1  – Conversion  factor C3_min  

Frequency 

MHz 

C
3
_H

x
 

dB
 

C
3
_H

y
 

dB  

C
3_mi n

 

dB  

0 , 01  (or 0 , 009)  55, 3  57, 2  55, 3  

0 , 1 5  55, 5  57, 3  55, 5  

1  54, 1  58, 2  54, 1  

2  51 , 5  53, 6  51 , 5  

2 , 4  50, 5  50, 5  50, 5  

3  49, 1  46, 3  46, 3  

5  45, 7  36, 7  36, 7  

1 0  41 , 2  25, 1  25, 1  

1 1  40 , 7  23, 9  23, 9  

1 2  40, 3  23, 0  23, 0  

1 3  39, 9  22, 4  22 , 4  

1 4  39, 5  22, 0  22 , 0  

1 5  39, 3  21 , 7  21 , 7  

20  38, 3  21 , 2  21 , 2  

30  37, 5  21 , 1  21 , 1  

 

The  H -fie ld  l im i t  i n  dBμA/m  at 1 0  m ,  H1 0m ,  i s  determ ined  from  H30m  by the  fo l l owing  equation :  
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 H1 0m   =  H30m  +  C1 0_m in  (B . 2)  

where  

H30m   i s  the  H -fie l d  l im i t  i n  dBμA/m  at 30  m  d istance;  

C1 0_m in   i s  a  conversion  factor i n  dB  as  shown  i n  F igure  B. 7  and  Table  B . 2 .  

    

Figure B.7  – Conversion  factor C1 0_min  

IEC  

0, 01  
0  

0, 1  1  1 0  MHz  
C1 0_H x   (dB)  C1 0_H y   (dB)  C1 0_mi n   ( dB)  

5  

1 0  

1 5  

20  

25  

30  

35  

International  Electrotechnical  Commission

 



 – 76  – CI SPR TR 1 6-4-4: 2007+AMD1 : 201 7  CSV 

    I EC  201 7  

Table  B .2  – Conversion  factor C1 0_min  

Frequency  

MHz 

C
1 0
_H

x
 

dB  

C
1 0
_H

y
 

dB  

C
1 0_mi n

 

dB  

0 , 01  (or 0 , 009)  28, 0  28, 3  28, 0  

0 , 1 0  28, 0  28, 3  28, 0  

0 , 1 5  28, 0  28, 3  28, 0  

0 , 2  27, 9  28, 3  27, 9  

0 , 3  27, 9  28, 4  27, 9  

0 , 4  27, 8  28, 5  27, 8  

0 , 5  27, 7  28, 7  27, 7  

0 , 6  27, 5  28, 8  27, 5  

0 , 7  27, 3  28, 9  27, 3  

0 , 8  27, 2  29, 0  27, 2  

0 , 9  27, 0  29, 1  27, 0  

1  26, 7  29, 1  26, 7  

1 , 9  24, 8  24, 9  24, 8  

2  24 , 6  24, 1  24, 1  

3  22 , 9  1 6, 7  1 6, 7  

5  21 , 0  1 0, 5  1 0, 5  

1 0  1 9, 4  9 , 9  9 , 9  

20  1 9, 0  1 0, 3  1 0, 3  

30  1 8, 9  1 0, 3  1 0, 3  

The  H -fie ld  l im i t i n  dBμA/m  at 3  m ,  H3m ,  can  be  a lso  determ ined  from  H1 0m  by the  fol l owing  

equation :  

 H3m   =  H1 0m  +  C1 0-3_m in     (B . 3)  

where  

H1 0m   i s  the  H -fie l d  l im i t  i n  dBμA/m  at 1 0  m  d istance;  

C1 0-3_m in   i s  a  conversion  factor i n  dB  as  shown  i n  F igure  B. 8  and  Table  B . 3.  
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Figure  B.8  – Conversion  factor C1 0-3_min  
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Table  B .3  – Conversion  factor C1 0-3_min  

Frequency  

MHz 

C
1 0  to  3

_H
x
 

dB  

C
1 0  to  3

_H
y
 

dB  

C
1 0 -3_mi n

 

dB  

0 , 01  (or 0 , 009)  27, 5  29, 0  27, 5  

0 , 1 5  27, 5  29, 0  27, 5  

1  27, 4  29, 1  27, 4  

2  26, 9  29, 5  26, 9  

3  26, 2  29, 6  26, 2  

5  24 , 7  26, 2  24, 7  

5 , 8  24, 2  24, 1  24, 1  

1 0  21 , 8  1 5, 1  1 5, 1  

1 1  21 , 4  1 3 , 9  1 3, 9  

1 2  21 , 1  1 3 , 0  1 3, 0  

1 3  20, 7  1 2 , 3  1 2 , 3  

1 4  20, 5  1 1 , 9  1 1 , 9  

1 5  20, 0  1 1 , 6  1 1 , 6  

20  1 9, 3  1 0 , 9  1 0, 9  

30  1 8, 6  1 0 , 8  1 0, 8  

 

B.3  Recommended  conversion  factors  of H  field  l imi ts  for measurement 
d istances  

B.3. 1  General  

The  recommended  conversion  factors  from  the  s imu lated  resu l ts  for use  of product  comm ittee  
are  g i ven  i n  the  fol lowing  subclauses.   

B.3.2  Recommended  conversion  factor for the  l imi t  of H -field  from  30  m  to  3  m,   
CF30m  to  3m  
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Figure B.9  – Recommended  conversion  factor CF30m  to  3m  

Table  B.4 – Recommended  conversion  factor CF30m  to  3m  

Frequency  

MHz 

CF
30m  to  3m

 

dB  

0 , 01  (or 0 , 009)  54  

2  54  

2  to  1 2  
l i nearl y d ecreased  54  to  20  
[y =  - (43, 69)  ×  l og(x)+  67, 1 5]  

30  20  
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B.3.3  Recommended  conversion  factor for the  l imi t  of H -field  from  30  m  to  1 0  m,   
CF30m  to  1 0m  

 

Figure B. 1 0  – Recommended  conversion  factor CF30m  to  1 0m   

Table  B .5  – Recommended  conversion  factor CF30m  to  1 0m   

Frequency  

MHz 

CF
30m  to  1 0m

 

dB  

0 , 01  (or 0 , 009)  27  

1 , 5  27  

1 , 5  to  4 , 5  
l i nearl y d ecreased  27  to  1 0  
[y =  - (33, 52]  ×  l og (x)+  32, 90]  

30  1 0  

 

IEC  

Conversion  factor 30  m  to  1 0  m   (dB)  

0, 01  
0  

0, 1  1  1 0  MHz  

Recommended   (dB )  Simu lation  resu l ts   (dB)  

5  

1 0  

1 5  

20  

25  

30  
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B.3.4  Recommended  conversion  factor for the  l imi t  of H -field  from  1 0  m  to  3  m,   
CF1 0m  to  3m  

 

Figure B. 1 1  – Recommended  conversion  factor CF1 0m  to  3m  

Table  B .6  – Recommended  conversion  factor CF1 0m  to  3m  

Frequency  

MHz 

CF
1 0m  to  3m

 

dB  

0 , 01  (or 0 , 009)  27  

4  27  

4  to  1 5  
l i nearl y d ecreased  27  to  1 0  
[y =  - (29, 62]  ×  l og (x)+  43, 83]  

30  1 0  
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Conversion  factor 1 0  m  to  3  m   (dB)  
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