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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
METHODS FOR CALCULATING THE  MAIN  STATIC PERFORMANCE 

INDICATORS OF TRANSDUCERS AND TRANSMITTERS 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
al l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Commi ttees).  The  object  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  Standards,  Techn ical  Speci fi cations,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (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  dea l t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC al so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( ISO)  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  possible,  an  i n ternati ona l  
consensus  of opi n ion  on  the  rel evant sub jects  s i nce  each  techn ical  comm i ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  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  con ten t of I EC  
Publ i cations  i s  accu rate,  I EC  cannot be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
misin terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Commi ttees  undertake  to  apply I EC Pub l i cations  
transparentl y to  the  maximum  exten t  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent certi fi cati on  bod ies  provi de  conform i ty  
assessment services  and ,  i n  some areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent  certi fi cation  bod i es.  

6)  Al l  u sers  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,  servan ts  or agents  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn i cal  commi ttees  and  I EC  Nati onal  Commi 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 re l 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 ications  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  poss ib i l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t  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 .  

The  main  task of I EC  techn ica l  committees  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 l y publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC  TR 62967 ,  which  i s  a  techn ica l  report,  has  been  prepared  by  subcommittee  65B:  
Measurement and  con trol  devices  of I EC  techn ical  committee  65:  I ndustria l -process  
measurement,  control  and  au tomation .  

The  text of th is  I n ternational  Standard  is  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

65B/961 /DTR 65B/1 01 6/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  techn ical  report can  be  found  in  the  
report on  voting  i nd icated  i n  the  above tab le .  
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Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/I EC  D irecti ves,  Part 2 .  

The  committee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. iec.ch"  i n  the  data  re lated  to  
the  speci fic document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or  

•  amended .  

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

This  techn ical  report  provides  a  comprehensive  i l l ustration  of the  methods  for calcu lati ng  the  
main  static  performance  i nd icators  of transducers,  transm i tters  and  s im i l ar measuring  devices.  
F i rst of a l l ,  i n  order to  avoid  any m isunderstand ing ,  we wou ld  l ike  to  review the  commonl y-
accepted  defin i ti on  of transducers  and  transm itters.  General l y speaking ,  in  a  measurement 
fie ld ,  a  transducer i s  a  measuring  device  wh ich  converts  the  non -electrical  quanti ty to  be  
measured  i n to  correspond ing  electrica l  q uan ti ty,  wh i l e  a  transm i tter i s  a  kind  of transducer 
wh ich  i s  requ i red  to  provide  a  previousl y-g iven  l i near ou tpu t.  

The  common- in -use  standards  [01 ] - [06] 1  l i s ted  i n  the  re levant  documents  to  be  cons idered  i n  
th is  report,  are  usefu l  i n  evaluating  the  main  static performance  i nd icators  of measuring  
i nstruments  and  other s im i lar devices.  Bu t the  re levant descriptions  of ca lcu lation  methods  in  
standards  [01 ] -[05]  are  not complete  and  adequate  i n  many ways.  Th is  fact was  clearl y stated  
i n  the  I n troduction  of I EC  61 298  [03] .  

On  the  whole,  these  publ ications  [01 ] -[05]  main l y con ta in  re levant techn ical  terms  and  
defin i tions.  S ince  i n  essence,  they are  not s tandards  wh ich  are  ded icated  sole l y to  the  
calcu lation  of performance i nd icators ,  so  they contain  no  or on l y very s imple  and  i nadequate  
i l l ustrations  of the  calcu lation  methods.  Moreover,  as  these  conten ts  have  existed  for about  
tens  of years,  probabl y now is  the  time to  make an  a l l -round  revis ion  and  improvement of 
them .  S ince  there  are  many s tatic  performance  i nd icators  that shou ld  be  calcu lated  and  the  
calcu lation  methods  can  form  a  rather complete  system .  So  i t  i s  better to  create  a  separate  
report or a  separate  s tandard .  

For the  main  s tatic  performance  i nd icators ,  the  existi ng  re levant  I EC  standards  have  on l y 
theoretical  defin i ti ons,  bu t  have  no  speci fic calcu lation  methods.  Th is  does  not mean  that 
these  methods  are  too  s imple  to  mention .  But  on  the  con trary,  some  of them  are  too  d i fficu l t  
to  be  used  i n  i ndustry.  Therefore,  th is  report pu ts  forward ,  improves  and  s impl i fies  the  existi ng  
relevant calcu lation  methods,  may probabl y serve  as  a  good  basis  on  wh ich  to  create  a  new 
calcu lation -oriented  I EC standard .  

The  report i s  i n tended  for use  by manufacturers  to  work ou t the ir factory- level  test standards,  
by users  to  make ri gorous  acceptance  tests  and  wise  appl ications,  and  by au thorized  
metrolog ical  establ ishments  to  veri fy the  measuring  device  performance  i nd icators  of the  
manufacturers  or of the  users.  

  

                                                      
1  Numbers  i n  square  brackets  refer to  the  B ib l i og raphy.  
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METHODS FOR CALCULATING THE  MAIN  STATIC PERFORMANCE 
INDICATORS OF TRANSDUCERS AND TRANSMITTERS 

 
 
 

1  Scope 

This  Techn ical  Report provides  gu idance  on  the  assurance of re l i abi l i ty data  of au tomation  
devices.  I f the  source  of th is  data  is  ca lcu lation ,  gu idance  is  g iven  on  how to  speci fy the  
methods  used  for th is  calcu lation .  I f the  source  i s  through  observations ,  gu idance  is  g iven  on  
how to  describe  these  observations  and  thei r evaluations.  I f the  source  i s  the  ou tcome of 
l aboratory tests,  gu idance i s  g i ven  on  how to  speci fy these  tests  and  the  cond i ti ons  under 
which  they have  been  carried  ou t.  

Th is  document defines  the  form  to  present the  data.  

2  Normative references  

The fol l owing  documents  are  referred  to  i n  the  text in  such  a  way that  some or a l l  of thei r 
con ten t consti tu tes  requ i rements  of th is  document.  For dated  references,  on l y the  ed i ti on  
ci ted  appl i es.  For undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

I EC 60050-300 ,  International Electrotechnical Vocabulary – Electrical and electronic 
measurements and measuring instruments 

Part 311 :  General terms relating to measurements 

Part 312:  General terms relating to electrical measurements 

Part 313:  Types of electrical measuring instruments 

Part 314:  Specific terms according to the  type of instrument  

I EC 60050-351 ,  International Electrotechnical Vocabulary – Part 351 : Control technology  

I EC  60770-1 : 1 999  Transmitters for Use in  Industrial-process Control Systems – Part 1 :  
Methods for Performance Evaluation  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms and  defin i ti ons  g i ven  i n  I EC  60050-300,  
I EC 60050-351  and  I EC 60770-1 : 1 999,  as  wel l  as  the  fol lowing  appl y.   

I SO  and  I EC main tain  term inolog ical  databases  for use  i n  standard ization  at  the  fol l owing  
addresses:  

•  I EC  E lectroped ia:  avai lable  at  h ttp : //www.electroped ia .org /  

•  I SO  On l ine  browsing  p latform :  avai lable  at h ttp: //www. iso.org/obp  
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3. 1  Basic  terms  

3. 1 . 1   
static  characteristics  
relationsh ip  of the  ou tput  of a  transducer to  i ts  i npu t,  when  the  measurand  i s  a t the  state  of 
stabi l i zation  or very s low variation  

Note  1  to  en try:  There  are  many performance  i n d icators  under the  t i tl e  of s tati c  characteri st i cs.  

Note  2  to  en try:  Stati c  performance  i nd icators  are  appl i cab l e  on l y u nder a  g i ven  i n terva l  of temperatu re.  

3. 1 .2   
static cal ibration  
process  i n  wh ich  the  s tati c characteristics  are  obtained  under g iven  s tatic cond i ti ons  

3. 1 .3  Input  terms  

3. 1 . 3. 1   
lower range-value  
l owest va lue  of the  measurand  

3. 1 .3.2   
upper range-value  
h ighest  value  of the  measurand  

3. 1 .3 .3   
measuring  range  
measuring  reg ion  ind icated  by the  upper and  l owr range-values  of the  measurand  

3. 1 .3.4   
span  
span ,  a lso  cal l ed  the  fu l l -span  input,  i s  the  a lgebraic d i fference  between  the  upper and  lower 
range-values  of the  measurand .  

3. 1 .4  Output  terms  

3. 1 .4. 1   
zero-range-value  output 
outpu t when  measu rand  i s  at i ts  zero  range-va lue  

3. 1 .4.2   
lower-range-value  output 
ou tpu t when  measurand  i s  at  i ts  l owest range-value  

3. 1 .4.3   
upper-range-value outpu  
ou tpu t when  measurand  i s  a t i ts  h ighest  range-value  

3. 1 .4.4   
fu l l -span  output  
algebraic  d i fference  between  the  upper-range-value  outpu t  and  lower-range-value  output  of a  
device  as  defined  by i ts  working  characteristics  

3. 1 .5   
l ineari ty 
closeness  to  wh ich  the  ou tput- i nput curve  of a  transducer approximates  a  stra igh t l i ne  

Note  1  to  en try:  There  shou ld  be  no  contri bu tion  of h ysteresi s  and  repeatab i l i ty to  l i neari ty.  
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3. 1 .6   
conformity 
closeness  to  wh ich  the  outpu t- i npu t curve  of a  transducer approximates  a  certa in  curve  

Note  1  to  en try:  There  shou ld  be  no  contri bu tion  of h ysteresi s  and  repeatab i l i ty to  conform i ty.  

3. 1 .7   
reference  characteristics  
straigh t l i ne,  curve  or equation  wh ich  is  used  as  a  reference or a  contrast  

Note  1  to  en try:  U nder a  certain  appl i cati on  s i tuation ,  reference  characteri sti cs  can  be  accepted  as  the  true  
characteri sti cs  of a  transducer.  

Note  2  to  en try:  I n  th i s  Techn ical  report,  reference  characteri sti cs  are  main l y used  i n  the  calcu lati on  of l i neari ti es,  
conform i ti es ,  and  l i neari ty (con form i ty)  p l us  hysterresis .  

3. 1 .8   
working  characteristics  
outpu t- i npu t equation  or curve,  wh ich  i s  adopted  as  the  true  characteristics  of a  transducer 

Note  1  to  en try:  Working  Characteri sti cs  has  taken  i n to  considerati on  the  combined  contri bu ti on  of l i neari ty  
(conform i ty),  h ysteres is  and  repeatabi l i ty.  

3. 1 .9   
u ti l ization  characteristics  
relationsh ip  of the  measurand  to  the  ou tput  of a  transducer 

3. 1 . 1 0   
l inear transducer 
kind  of transducers  whose working  characteristics  are  l inear 

3. 1 . 1 1   
non-l inear transducer 
kind  of transducers  whose working  characteristics  are  non- l inear 

3.2  Static  cal ibration  characteristics  

3.2. 1   
up-travel  actual  average characteristics  
curve  connecting  a l l  the  ari thmetic  average  poin ts  of a  group  of measured  data  at  a l l  the  
ca l i bration  poin ts  in  the  up-travel  

3.2.2   
down-travel  actual  average characteristics  
curve  connecting  a l l  the  ari thmetic  average  poin ts  of a  group  of measured  data  at  a l l  the  
ca l i bration  poin ts  i n  the  down-travel  

3.2.3   
up-travel  and  down-travel  actual  average  characteristics  
curve  connecting  a l l  the  ari thmetic  average  poin ts  of a  g roup  of measured  data  at  a l l  the  
cal i bration  poin ts  i n  the  up-  and  down-travel  

Note  1  to  en try:  I t  i s  a l so  cal l ed  the  actual  average  characteri sti cs  (or cu rve)  of a  transducer.  

3.3  Defin i tions  of static  performance ind icators  

3.3. 1   
resolution  
smal lest  change  in  i npu t that can  cause  observable  change i n  ou tpu t i n  the  whole  i npu t span  
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3.3.2   
sensi tivi ty 
ratio  of ou tpu t change to  i ts  correspond ing  input  change  

3.3.3   
hysteresis  
for the  same input  and  in  the  whole  i nput span ,  d i fference  between  the  values  of the  down-
travel  actual  average  characteristics  and  the  up-travel  actual  average  characteristics  

3.3.4   
repeatabi l i ty 
for a  short t ime in terval  and  i n  the  same working  cond i ti on ,  degree  of scatterance of a  group 
of read ings  obtained  when  the  i npu t i s  approach ing  the  same measuring  poin t i n  the  same 
d i rection  for a  number of test cycles  

3.3.5   
l ineari ty  
maximum  deviation  of the  actual  average  characteristics  (curve)  from  the  reference  straigh t 
l ine  

Note  1  to  en try:  L i neari ty i s  expressed  as  a  percentage  of fu l l -span  ou tpu t.  

Note  2  to  en try:  Accord i ng  to  d i fferen t reference  strai gh t  l i nes  taken ,  there  are  d i fferen t  ki nds  of l i neari ti es ,  wi th  
the  fol l owi ng  as  the  main  ones.  

Note  3  to  en try:  When  expressed  s imply as  l i neari ty,  i t  i s  assumed  to  be  i ndependent  l i neari ty.  

Note  4  to  en try:  The  choice  of l i neari ti es  depends  on  the  app l i cation  s i tuations  of transducers.  

3.3.5. 1   
absolute  l ineari ty 
a l so  cal led  theoretical  l i neari ty,  i t  i s  ca lcu lated  from  the  reference  straigh t l i ne  or theoretical  
stra igh t l i ne  that can  be  speci fied  before  the  ca l ibration  test i s  made  

Note  1  to  en try:  Absol u te  l i neari ty actual l y shows  the  l i neari ty accuracy of a  transducer and  i s  qu i te  d i fferent  from  
al l  the  l i neari ti es  that  fo l l ow.  

Note  2  to  en try:  Absolu te  l i neari ty i s  exclus i vel y used  i n  transm i tter app l i cations.  

3.3.5.2   
terminal -based  l ineari ty  
l ineari ty calcu lated  from  the  term inal -based  s tra ight l i ne  that i s  taken  as  the  reference straigh t 
l ine  

Note  1  to  en try:  Term inal -based  stra i ght  l i ne  coi ncides  wi th  the  actua l  average  characteri sti cs  (curve)  at  i ts  upper 
and  l ower l im i ts .  

Note  2  to  en try:  Term inal -based  Li neari ty i s  easy to  ca lcu late,  bu t  i ts  va l ue  i s  rather conserved .  

3.3.5.3   
sh i fted  terminal -based  l ineari ty 
l i neari ty ca lcu lated  from  the  sh i fted  term inal -based  s tra ight l i ne  that i s  taken  as  the  reference  
straigh t l i ne  

Note  1  to  en try:  The  sh i fted  term inal -based  stra i ght  l i ne  has  the  same  s lope  as  the  term inal -based  strai ght  l i ne  
and  can  m in im ize  i ts  maximum  devi ation  from  the  actua l  average  characteri sti cs  (curve)  by paral l e l  sh i fti ng .  

Note  2  to  en try:  I f the  device  under test  has  a  C-shaped  actual  average  characteri sti cs  (curve),  the  sh i fted  
term inal -based  strai gh t  l i ne  wi l l  become the  best  s tra i gh t  l i ne,  or best  l i ne  i n  short.  

3.3.5.4   
zero-based  l ineari ty 
l i neari ty calcu lated  from  the  zero-based  stra ight  l i ne  that  i s  taken  as  the  reference  stra igh t 
l i ne  
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Note  1  to  en try:  Zero-based  straight  l i ne  goes  th rough  the  theoreti cal  zero  poin t  and  can  m in im ize  i ts  maximum  
deviation  from  the  actual  average  characteri sti cs  (curve)  by chang ing  i ts  s l ope.  

Note  2  to  en try:  Sometimes  zero-based  s traight  l i ne  i s  a l so  cal l ed  the  forced  zero- i n tersecti ng  best  stra igh t  l i ne.  

3.3.5.5   
front-terminal -based  l ineari ty 
l ineari ty ca lcu lated  from  the  fron t-term inal -based  stra igh t  l i ne  that i s  taken  as  the  reference  
straigh t l i ne  

Note  1  to  en try:  The  front-term inal -based  strai gh t  l i ne  goes  through  the  fron t  end  of the  actual  average  
characteri sti cs  (curve)  and  can  m in im ize  i ts  maximum  deviation  from  the  actual  average  characteri sti cs  (curve)  by 
chang i ng  i ts  s l ope.  

Note  2  to  en try:  Sometimes  and  i n  some references,  the  front-term inal -based  s traight  l i ne  i s  a l so  cal l ed  the  zero-
based  s tra ight  l i ne.  

3.3.5.6   
independent  l ineari ty  
l i neari ty calcu lated  from  the  best stra ight  l i ne  that i s  taken  as  the  reference  straigh t l i ne  

Note  1  to  en try:  The  best  stra ight  l i ne  i s  a  s tra igh t-l i ne  m idway between  the  two paral l e l  s traight  l i nes  cl osest  
together and  enclosi ng  the  actual  average  characteri sti cs  (curve).  

Note  2  to  en try:  The  best  straight  l i ne  can  m in im ize  i ts  maximum  deviation  from  the  actual  average  characteri sti cs  
(curve).  

3.3.5.7   
l east-squares  l ineari ty  
l i neari ty calcu lated  from  the  l east-squares  stra igh t l i ne  wh ich  i s  adopted  as  the  reference  
straigh t l i ne  

Note  1  to  en try:  The  l east-squares  strai gh t  l i ne  can  guaran tee  that,  the  sum  of the  squares  of the  deviati ons  of 
the  actual  average  characteri st i cs  (curve)  from  i t,  i s  a  m in imum .  

3.3.6   
conformity 
maximum  deviation  of the  actual  average  characteristics  (curve)  from  the  reference curve  

Note  1  to  en try:  Conform i ty i s  expressed  as  a  percentage  of fu l l -span  ou tpu t.  

Note  2  to  en try:  Accord ing  to  d i fferen t reference  cu rves  taken ,  there  are  d i fferen t ki nds  of conform i ti es,  wi th  the  
fol l owing  as  the  main  ones.  

Note  3  to  en try:  The  reference  curve  i s  usua l l y i n  the  form  of an  a l gebraic polynom ial  of a  certain  degree.  

Note  4  to  en try:  When  expressed  s imply as  conform i ty,  i t  i s  assumed  to  be  i ndependent  conform i ty.  

Note  5  to  en try:  The  choice  of conform i ti es  depends  on  the  appl i cati on  s i tuati ons  of transducers.  

3.3.7   
absolute  conformity 
a l so  ca l led  theoretica l  conform ity,  i t  i s  calcu lated  from  the  reference  curve  or theoretical  cu rve  
that can  be  speci fi ed  before  the  ca l ibration  test i s  made  

Note  1  to  en try:  Absol u te  con form i ty actual l y  shows  the  conform i ty accuracy of a  transducer and  i s  qu i te  d i fferen t 
from  a l l  the  conform i ti es  that  fo l l ow.  

Note  2  to  en try:  The  reference  curve  shou ld  be  speci fi ed  accord ing  to  the  appl i cati on  requ i rement  of the  
transducer.  

3.3.7. 1   
terminal -based  conformity 
conform ity ca lcu lated  from  the  term inal -based  curve  that i s  taken  as  the  reference curve  

Note  1  to  en try:  Term inal -based  cu rve  coi ncides  wi th  the  actual  average  characteri sti cs  (curve)  at  i ts  upper and  
l ower l im i ts  and  can  m in im ize  i ts  maximum  devi ation  from  the  actual  average  characteri sti cs  (curve).  
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3.3.7.2   
zero-based  conformity 
conform i ty ca lcu lated  from  the  zero-based  curve  that i s  taken  as  the  reference  curve  

Note  1  to  en try:  Zero-based  curve  goes  th rough  the  theoreti ca l  zero  poi n t  and  can  m in im ize  i ts  maximum  
deviation  from  the  actual  average  characteri sti cs  (curve).  

Note  2  to  en try:  Sometimes  Zero-based  cu rve  i s  a l so  ca l l ed  the  forced  zero-i n tersecti ng  best  cu rve.  

3.3.7.3   
front  terminal -based  conformity 
l ineari ty ca lcu lated  from  the  front term inal -based  curve  that  i s  taken  as  the  reference  curve  

Note  1  to  en try:  The  fron t  term inal -based  curve  goes  through  the  fron t  end  of the  actual  average  characteri sti cs  
(curve)  and  can  m in im ize  i ts  maximum  deviati on  from  the  actual  average  characteri sti cs  (curve).  

Note  2  to  en try:  Sometimes  and  i n  some references,  the  front  term inal -based  curve  i s  a l so  cal l ed  the  zero -based  
curve.  

3.3.7.4   
independent  conformity 
conform ity calcu lated  from  the  best curve  that  i s  taken  as  the  reference  curve  

Note  1  to  en try:  The  best  curve  can  m i n im ize  i ts  maximum  devi ation  from  the  actual  average  characteri sti cs  
(curve).  

3.3.7.5   
l east-squares  conformity 
conform ity ca lcu lated  from  the  Least-squares  curve  that i s  taken  as  the  reference  curve  

Note  1  to  en try:  The  l east-squares  cu rve  can  guaran tee  that  the  sum  of the  squares  of the  deviati ons  of the  actual  
average  characteri sti cs  (curve)  from  i t  i s  a  m in imum .  

3.3.8   
combined  l ineari ty (conformity)  and  hysteresis  
extreme value  of the  systematic  error of a  transducer  

Note  1  to  en try:  Th i s  performance  i nd icator shows  the  combined  con tribu tion ,  bu t  not  the  pure  add i ti on ,  of 
l i neari ty (conform i ty)  and  hysteres is .  

3.3.9   
uncertainty 
resu l t of an  evaluation  that  shows  a  zone  in  wh ich  the  true  values  of the  measurand  l i e  under 
speci fied  operating  cond i ti ons  

Note  1  to  en try:  I t  i s  a  parameter that  can  reasonabl y show the  scatterance  of the  val ues  of the  measurand ,  and  
also  a  parameter connecti ng  wi th  the  measurement  resu l t.  

Note  2  to  en try:  Uncertai n ty can  more  reasonably show the  real  p i ctu re  of the  tota l  resu l t  of a  measurement,  both  
qual i tati vel y and  quan ti tati vely.  

3.3. 1 0   
total  uncertainty  
combined  l i neari ty (conform i ty) ,  hysteresis  and  repeatabi l i ty,  also  cal led  the  primary 
uncerta in ty,  that i s  obtained  from  the  static ca l i bration  under speci fied  cond i ti ons  and  
calcu lated  by us ing  speci fi ed  ca lcu lating  methods  based  on  the  general  princip le  of 
measurement uncertain ty 

Note  1  to  en try:  I n  th i s  Techn ical  report ,  total  uncertai n ty  i s  the  resu l t  of the  combined  con tri bu ti on ,  bu t  not  the  
pure  add i ti on ,  of l i neari ty (con form i ty) ， hysteresis  and  repeatabi l i ty.  Th i s  performance  i nd i cator i s  a l so  ca l l ed  the  

reference  accuracy.  

3.3. 1 1   
zero  dri ft  
undesi red  change  i n  zero-range-value  outpu t over a  speci fied  period  of time  
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Note  1  to  en try:  I t  i s  usual l y expressed  as  a  percentage  of fu l l -span  ou tpu t.  

3.3. 1 2   
dri ft  of upper-range-value outpu t  
undesi red  change  i n  upper-range-value  ou tpu t over a  speci fied  period  of t ime 

Note  1  to  en try:  I t  i s  usual l y expressed  as  a  percentage  of fu l l -span  ou tpu t.  

Note  2  to  en try:  For l oad  cel l s  sometimes  th i s  performance  i nd icator i s  a l so  cal l ed  creep.  

Note  3  to  en try:  I f the  speci fi ed  peri od  of t ime  i s  very l ong ,  for example,  several  months  or years ,  th i s  
performance  i n d icator i s  usual l y cal l ed  l ong-term  stabi l i ty.  

3.3. 1 3   
thermal  zero  sh i ft  
undesi red  change i n  zero-range-value  outpu t wi th  environment temperature  

Note  1  to  en try:  I t  i s  usual l y expressed  as  a  percentage  of fu l l -span  ou tpu t per un i t  temperature.  

3.3. 1 4   
thermal  sh ift  of upper-range-value output  
undesi red  change i n  upper-range-value  ou tpu t wi th  environment temperatu re  

Note  1  to  en try:  I t  i s  usual l y expressed  as  a  percentage  of fu l l -span  ou tpu t per un i t  temperature.  

4 Methods  for calculating  individual  static performance indicators  

4.1  Establ ishment of static  cal ibration  characteristics  

4. 1 . 1  General  requ irements  for static  cal ibration  

The requ i rement for the  environment and  the  ca l i bration  operation  wi l l  be  speci fied  accord ing  
to  the  type  and  accuracy (uncertain ty)  degree  of the  device  under cal i bration  by 
correspond ing  products  manufacturing  standards.  

The  cal ibration  system  shou ld  i nclude  devices  for generating  standard  inputs,  exci tation  
power suppl y,  measuring  i nstruments.  The  accuracy (uncerta in ty)  degree  of the  cal i bration  
system ,  in  general ,  shou ld  be  abou t 3  times  h igher than  that  of the  device  under  ca l i bration .  
The  exact accuracy (uncerta in ty)  degree  requ i red  wi l l  be  speci fi ed  by the  re levant factory or 
manufacturing  standards.  

Static  cal i bration  shou ld  be  carried  ou t in  the  whole  span  of the  measurand .  The  measuring  
poin ts  shou ld  usual l y i nclude  po i n ts  at the  zero  value  and  the  maximum  va lue  of the  
measurand .  Equal l y-spaced  m  =  5~1 1  measuring  poin ts,  and  n  =  3~5  ca l ibration  cycles,  are  
desirable .  The  data  obtained  from  the  cal i bration  shou ld  con tain  as  few suspect and  
unreasonable  data  poin ts  as  poss ible  (see  Annex E).  

Prior to  the  formal  cal i bration  cycle,  the  device  under ca l i bration  shou ld  be  exercised  by a  
number of fu l l  range  traverses  in  each  d i rection .  At each  measuring  poin t,  the  i npu t i s  held  
steady unti l  the  ou tpu t becomes  stabi l i zed  at  i ts  des i red  fina l  va lue.  Tapping  or vibrati ng  the  
device  under cal ibration  i s  not  a l l owed  un less  the  performance  characteristics  under s tudy 
requ i res  such  action .  

4.1 .2  The calcu lation  of static cal ibration  characteristics  

4. 1 . 2 . 1  Up-travel  actual  average characteristics  ( ,u iy )  

 

∑
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Where  iuy ,  
i s  the  ari thmetic  average  of a  group  of read ings  taken  at the  i th  measuring  poin t  i n  

the  up-travel  and  ijuy ,  
i s  the  j th  read ing  at the  i th  measuring  poin t i n  the  up-travel  ( I  =  1 ~m,  

j  =  1 ~n) .  

4. 1 .2 .2  Down-travel  actual  average characteristics  ( idy , )  

 , ,
1

1
n

d i d ij

j

y y
n

=

= ∑  (2)  

where  idy ,  
i s  the  ari thmetic  average  of a  group  of read ings  taken  at the  i th  measuring  poin t i n  

the  down-travel  and  ijdy ,  
i s  the  jth  read ing  at  the  i th  measuring  poin t i n  the  down-travel  

( I  =  1 ~m ,  j  =  1 ~n ).  

4. 1 .2 .3  Up- and  down-travel  actual  average  characteristics  ( iy )  

The fol l owing  formu la  is  used :  

 

)(
2

1
,, idiui yyy +=

  (3)  

4.2  Span  (xFS)  

The fo l l owing  formu la  i s  used :  

 xFS  =  xmax  – xmin  (4)  

where  xmax  i s  the  upper range-value  of the  measurand  and  xmin  i s  the  l ower range-value  of 
the  measurand .  

4.3  Fu l l -span  output (YFS)  

The fol l owing  formu la  is  used :  

 YFS  =  Ymax  – Ymin  (5)  

where  Ymax  i s  the  upper-range-value  Ou tpu t as  defined  by the  working  characteristics  and  
Ymin  i s  the  l ower-range-value  Ou tpu t as  defined  by the  working  characteristics .  

NOTE  1  Capi tal  Y stands  for ou tpu ts  calcu lated  from  the  characteri sti cs  wh ich  i s  deri ved  from  curve  fi tti ng  (for 
example,  working  characterist i cs ,  reference  characteri sti cs ) ,  and  g i ven  characteri sti cs  (for example,  those  for 
transm i tters);  wh i l e  smal l  y  s tands  for the  actual  ou tpu ts  (read ings).  

NOTE  2  I n  s i tuations  where  i nd i vi dual  performance  i n d icator i s  ca l cu lated ,  fu l l -span  ou tpu t  can  be  calcu lated  from  
the  reference  characteri sti cs ,  i nstead  of the  working  characteri sti cs.  

NOTE  3  For devices  havi ng  l i near or C-shaped  characteri sti cs,  i t  i s  a l so  possible  to  use  Y
FS

 =  Y(x
max

)  – Y(x
mi n

).  

NOTE  4  I n  some  appl i cations  where  no  s tri ct  requ i rement i s  needed ,  i t  i s  a l l owed  to  calcu l ate  the  fu l l -span  ou tpu t  
by the  formu la  (y

FS
 =  y

max
 –  y

mi n
).  

4.4  Resolution  (Rx)  

The fol l owing  formu la  is  used :  
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 Rx  =  Max｜ ∆x i ,  m in｜  (6)  

where  ∆x i ,  m i n  i s  the  smal l est  change  i n  i npu t at  the  i th  measuring  poin t that can  cause  

observable  change i n  ou tput and  Max｜ ∆x i ,  m in｜ i s  the  largest  ∆x i ,  m in ,  effective  over the  
whole  i npu t span ,  namely the  smal l est change in  i npu t that can  cause  observable  change i n  
ou tpu t everywhere  over the  whole  i npu t span .  

NOTE  Dead  band  and  th reshold  are  usual l y regarded  as  the  resolu ti on  at  zero  range -value .  

4.5  Sensi tivi ty (Si )  

The sensi ti vi ty at the  i th  measuring  poin t i s  ca lcu lated  by the  formu la:  

 
i

i i

Δx 0 i i

ΔY dY
Si = Lim

Δx dx→

 
= 

 
 (7)  

where  △x i  i s  the  change i n  i npu t at the  i th  measuring  poin t and  ∆Y i  i s  the  change i n  ou tpu t at 

the  i th  measuring  poin t wh ich  i s  caused  by∆x i .  

For l i near transducers,  sens i ti vi ty i s  a  constant:  

 max min

max min

Y  - Y
S = 

x  - x
 (8)  

4.6  Hysteresis  (ξH )  

The fol l owing  formu la  is  used :  

 
H,max

H
FS

Y
ξ  = 1 00%

Y
×  (9)  

where  H,max , , ,ΔY  = Max d i u i d iy y y−  i s  down-travel  actual  average  characteri stics  and  is  up-

travel  actual  average  characteristics.  

NOTE  The  hysteres is  i n  th i s  report  i ncl udes  both  hysteresis  and  dead  band ,  a  practi ce  s im i l ar to  that  used  i n  
I EC 60770  and  I EC 61 298.  

4.7  Repeatabi l i ty (ξR)  

4. 7. 1  Calcu lating  methods  

The  repeatabi l i ty of a  transducer i s  the  extreme  value  of i ts  random  error.  The  repeatabi l i ty at  
a  certa in  measuring  poin t can  be  regarded  as  the  extreme value  of the  sample  standard  
deviation ,  a t a  certa in  confidence  level ,  of a  g roup  of read ings  taken  at  the  poin t for n  test  
cycles.  Repeatabi l i ty i s  expressed  as  a  percentage  of fu l l -span  ou tput.  The  l argest 
repeatabi l i ty from  the  repeatabi l i ty at  a l l  measuring  poin ts  i s  chosen  as  the  repeatabi l i ty of the  
transducer.  Calcu lating  formu la  i s  as  fo l lows:  

 max
R

F

cs
ξ  = 1 00%

Y
×  (1 0)  
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where   

c  i s  coverage factor,  c =  t  0 ,95  and  smax  i s  the  l argest s tandard  deviation ,  wh ich  i s  chosen  
from  the  2m  sample  standard  deviations  of m  measuring  poin ts.  

NOTE  The  choice  of the  l argest standard  deviati on  smax con forms  wi th  that  of I EC 60770  and  I EC 61 298.  

4.7.2  Determination  of coverage factor 

For a  smal l  sample  (n  =  3~5 cycles) ,  t-d istribution  is  more  reasonable  than  normal  d istribu tion .  
Th is  report chooses  t-d i stribu tion  and  adopts  a  coverage factor c  =  t  0 ,95  (for a  confidence  
l evel  of 95  %).  I n  case  of necess i ty,  c  may not  be  taken  as  t  0 , 95,  bu t th is  shou ld  be  clearl y 
stated .  Table  1  shows  the  re lationsh ip  of coverage factor c  =  t  0 ,95  in  re lation  to  the  number 
of test  cycles  n .  

Table  1  – Form  to  present rel iabi l i ty data wi th  i ts  data types  

(n )  2  3  4  5  6  7  8  9  1 0  

t  0, 95  1 2, 71  4, 303  3, 1 82  2, 776  2, 571  2, 447  2, 365  2, 306  2, 262  

 

4.7.3  Calcu lation  of sample  standard  deviations  

By us ing  Bessel ’s  formu la,  we  can  obtain  2m  sample  standard  deviations:  
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where  su , i  i s  the  sample  standard  deviation  at the  i th  measuring  poin t i n  the  up-travel ,  sd , i  i s  
the  sample  standard  deviation  at the  i th  measuring  poin t i n  the  down-travel , iuy ,  i s  the  

ari thmetic average  of a  g roup  of read ings  at the  i th  measuring  poin t  i n  the  up- travel ,  yu , i j  i s  the  
j th  read ing  at the  i th  measuring  poin t i n  the  up-travel  (i  =  1 ~m ;  j  =  1 ~n),  idy ,  

i s  the  ari thmetic  

average  of a  g roup  of read ings  at the  i th  measuring  poin t in  the  down- travel ,  yd , i j  i s  the  jth  
read ing  at  the  i th  measuring  poin t  in  the  down-travel  (i  =  1 ~m ;  j  =  1 ~n),  m  is  the  number of 
measuring  poin ts,  n  i s  the  number of test cycles.  

4.8  Lineari ty (ξL)  

4.8. 1  The general  formula for calcu lating  l ineari ty  

 
L,max

L
FS

ΔY
ξ  = 1 00%

Y
×  (1 3)  

where   

( )L,max i iY Max y Y∆ = −  i s  the  maximum  deviation  of the  actual  average  characteristics  from  the  

reference  characteristics ;  
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i
y
 
i s  the  actual  average  characteristics  at the  i th  measuring  poin t;  

Y i  i s  the  reference  characteristics  at  the  i th  measuring  poin t,  YFS  i s  the  fu l l -span  ou tput.  

NOTE  1  H i n ts  for cal cu lati ng  △YL, max:  

1 )  By us ing  the  actual  average  characteri sti cs  ( i
y ) ,  and  wi th  the  best  s traight  l i ne  as  the  reference  characteri sti cs,  

we can  obtai n  i n dependent l i neari ty.  

1 )  By us ing  the  actual  average  characteri sti cs  ( i
y ) ,  and  wi th  the  working  characteri sti cs  as  the  reference  

characteri sti cs ,  we  can  obtai n  a  ki nd  of absol u te  l i neari ty.  Bu t,  th i s  kind  of absolu te  l i neari ty probabl y i ncl udes  
components  of hysteresis  and  repeatabi l i ty,  and  therefore  i s ,  i n  a  s tri ct  sense,  not  an  i n d ication  of pu re  l i neari ty.  

NOTE  2  Sometimes  and  i n  case  of necessi ty,  i t  i s  perm iss ible  to  calcu late  l i neari ty s imply from  a  g roup  of 

cal i bration  read i ngs,  i nstead  of from  ( i
y ) .  As  the  calcu lati on  of some  l i neari ty i s  rather compl i cated ,  i t  i s  

recommended  that  the  calcu lation  shou ld  be  done  wi th  compu ter software.  

4.8.2  Absolute  l ineari ty (ξL,ab)  

Pre-speci fy the  equation  of the  reference  straigh t l i ne  and  use  Formu la  (1 3) .  

NOTE  1  Among  the  severa l  l i neari ti es  i n  th i s  report ,  and  for the  same l i neari ty val ue,  absol u te  l i neari ty i s  the  most 
d i ffi cu l t  to  obtain .  

NOTE  2  I f i n terchangeabi l i ty of characteri sti cs  i s  needed  i n  a  transducer,  i t  i s  desi rabl e  to  adopt absolu te  l i neari ty.  

NOTE  3  As  transm i tters  have  pre-speci fi ed  characteri sti cs,  and  therefore  they adopt absol u te  l i neari ty.  

NOTE  4  For transducers  and  transm i tters  having  d i g i ta l  d i sp lays,  the  d i sp layed  read ings  and  the  measurand  have  
a  pre-speci fi ed  equation  Y

ab
 =  x,  therefore  absol u te  l i neari ty i s  adopted .  

4.8.3  Terminal -based  Lineari ty (ξL, te)  

The princip le  of ca lcu lati ng  method  i s  shown  in  F igure  1  and  calcu lati ng  formu la  is  shown  in  
Formu la  (1 3).  

The  formu la  for the  term inal -based  stra ight  l ine  is  as  fo l l ows:  

 
max min max min

te min
max min max min

Y  = y  - 
x x x x

y y y y− −
+

− −
 (1 4)  

or 

 Yte  =  a  ＋  bx  (1 5)  

where  

max min

max min

b = 
x x

y y−

−
 i s  the  s l ope  of the  term inal -based  stra igh t l i ne;  

min mina = bxy −  i s  the  i n tercept of the  term inal -based  stra ight l i ne;  

maxy ,  miny  i s  the  maximum  and  m in imum  va lues  of the  actual  average  characteristics;  

xmax,  xmin  i s  the  maximum  and  m in imum  va lues  of the  measurand .  

NOTE  1  Term inal -based  s tra i ght  l i ne  i s  easy to  obta in ,  and  term inal -based  l i neari ty i s  easy to  determ ine  by  us ing  
an  e l ectri c  bri dge  ci rcu i t.  
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NOTE  2  As  compared  wi th  va l ues  of other l i neari ti es,  the  val ue  of term inal -based  l i neari ty i s  rather l arge.  

4.8.4  Sh i fted-terminal -based  Lineari ty (ξL,s, te)  

Calcu lating  formu la  is  shown  i n  Formu la  (1 3) .  

The  s lope  of the  sh i fted-term inal -based  stra igh t l i ne  is  the  same as  that  of the  term inal -based  
stra igh t l i ne.  Bu t i t  shou ld  be  para l l el -sh i fted  so  as  to  m in im ize  the  maximum  deviations.  

NOTE  1  I n  s i tuations  where  no  s tri ct  requ i rement  i s  needed ,  sh i fted -term inal -based  l i neari ty may be  used  as  a  
substi tu te  for i ndependent l i neari ty.  

NOTE  2  An  example  of the  appl i cati on  of the  sh i fted -term inal -based  l i neari ty i s  shown  i n  i n  A. 2 . 2 . 1  of Annex A.  

4.8.5  Zero-based  l ineari ty (ξL,ze)  

The princip le  of ca lcu lati ng  method  i s  shown  in  F igure  2  and  calcu lati ng  formu la  is  shown  in  
Formu la  (1 3) .  Accord ing  to  the  defin i ti on  of zero-based  stra igh t l i ne  we  can  work ou t the  
fol lowing  equation :  

 Yze  =  bx  (1 6)  

where  

b   i s  the  s lope  of the  zero-based  stra ight  l i ne.  

Zero-based  stra igh t l i ne  can  be  calcu lated  as  a  stra igh t l i ne  that goes  through  the  theoretical  
zero  poin t  (x =  0 ,  y =  0)  and  the  centre  of gravi ty of the  two  poin ts  wh ich  have  m in imal  
pos i ti ve  and  negative  deviations  respectivel y.  

The ca lcu lati ng  method  for the  zero-based  s traigh t l ine  i s  shown  in  C lause  A. 1 .  

NOTE  Zero-based  straigh t  l i ne  i s  s imple  i n  equation  form  and  i s  therefore  easy i n  appl i cati on .  
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F igure 1  – Terminal -based  Lineari ty   F igure  2  – Zero-based  Lineari ty 

4.8.6  Front-terminal -based  Lineari ty (ξL,f, te)  

The princip le  of ca lcu lating  method  i s  shown  in  F igure  3  and  calcu lati ng  formu la  is  shown  in  
Formu la  (1 3).  A s im i l ar calcu lati ng  method  for the  front-term inal -based  s tra ight l i ne  is  shown  
i n  Clause  A. 1 .  

NOTE  1  The  calcu lati ng  method  for fron t-term inal -based  strai ght  l i ne  i s  s im i l ar to  that  used  i n  cal cu lati ng  zero-
based  stra i ght  l i ne.  The  on l y d i fference  l i es  i n  that  the  Fron t-term inal -based  s tra ight  l i ne  has  an  i n tercept  whose  
val ue  i s  the  y ord i nate  of the  fron t  end  (wi th  abscissa  x bei ng  zero)  of the  actual  average  characteri sti cs.  

NOTE  2  I f ad j ustment i s  possib le  i n  a  transducer,  front-term inal -based  stra igh t  l i ne  can  be  tu rned  i n to  a  zero -
based  s tra ight  l i ne  by paral l e l -sh i fti ng  the  coord inate  system .  

NOTE  3  I n  terms  of the  l i neari ty value,  fron t-term inal -based  l i neari ty i s  better than  zero-based  l i neari ty.  Fron t-
term inal -based  strai ght  l i ne  can  guaran tee  that  the  deviati ons  around  the  zero  i npu t  are  re l ati vel y smal l .  

4.8.7  Independent Lineari ty (ξL, in )  

The  pri ncip le  of calcu lating  method  i s  shown  i n  F igure  4  and  the  ca lcu lating  formu la  is  shown  
i n  Formu la  (1 3) .  The  calcu lating  method  for the  best stra igh t l i ne  i s  shown  i n  Clause  A. 2 .  

NOTE  1  Among  al l  the  l i neari ti es ,  i ndependent  l i neari ty i s  the  best.  For precise  eval uation  of l i neari ty,  i t  i s  
preferabl e  to  use  i n dependent  l i neari ty.  

NOTE  2  I f ad j ustment  i s  possible  i n  a  transm i tter,  i t  i s  poss ible  to  make  the  best  straigh t  l i ne  the  pre -speci fi ed  
stra igh t  l i ne  by s l ope  chang i ng  and  paral l e l  sh i fti ng ,  so  as  to  obtain  the  h i ghest  absolu te  l i neari ty.  

NOTE  3  As  the  calcu l ation  of i ndependent  l i neari ty  i s  rather compl i cated ,  i t  i s  recommended  that  the  calcu lation  
shou ld  be  done  wi th  a  computer software.  
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F igure  3  – Front-terminal -based  Lineari ty  Figure 4  – Independent Lineari ty  

4.8.8  Least-squares  Lineari ty (ξL, ls)  

The ca lcu lati ng  formu la  i s  shown  i n  Formu la(1 3) .  

The  equation  for the  l east-squares  stra igh t l i ne  i s  as  fo l l ows:  

 Y l s  =  a  +  bx  (1 7)  

where  

x  i s  the  input  of the  transducer;  

Y l s   i s  the  reference outpu t of the  transducer;  

a, b   i s  the  in tercept and  s lope  of the  l east-squares  stra igh t l i ne,  and  they are:  

 

( )

2
i i i i i

22
i i

Σx Σy Σx Σx y
a = 

mΣx  - Σx

⋅ − ⋅
  (1 8)  

 

( )
i i i i

22
i i

mΣx y Σx Σy
b = 

mΣx  - Σx

− ⋅
  ( 1 9)  

Where,  

∑x i  =  x1  +  x2  + . . .  +  xm ;  

∑yi  =  y1  +  y2  + . . .  +  ym ;  

∑x iyi  =  x1 y1  +  x2y2  + . . .  +  xmym ;  

∑x i 2  =  x1 2  +  x22  + . . .＋  +  xm
2 ;  

x i   i s  the  i nput  at the  i th  measuring  poin t;  
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yi   i s  the  value  of the  actual  average  characteristics  at the  i th  measuring  poin t;  

m   i s  the  number of measuring  poin ts .  

NOTE  1  Least-squares  stra ight  l i ne  cannot  guaran tee  that  the  maximum  deviation  i s  a  m in imum ;  

NOTE  2  For reducing  devi ations,  a  l east-squares  s traigh t  l i ne  can  be  paral l e l -sh i fted ,  so  as  to  make  the  maximum  
posi ti ve  and  negati ve  deviati ons  equal  i n  absolu te  val ue;  

NOTE  3  I n  s i tuations  where  no  s tri ct  requ i rement  i s  needed ,  sh i fted  l east-squares  stra i ght  l i ne  may be  used  as  a  
substi tu te  for the  best  s traight  l i ne  for i ndependent  l i neari ty.  

4.9  Conformity (ξC)  

Conform i ty i s  mean ingfu l  on l y after the  form  of the  fi tti ng  functions  has  been  chosen.  
Moreover,  a  comparison  between  the  conform i ties  of the  d i fferen t  kinds  of transducers  is  
feasib le  on l y on  cond i ti on  that they have  fi tti ng  functions  of the  same form  and  the  same 
degree.  Depend ing  on  the  d i fferent forms  and  degrees  of the  fi tti ng  curves,  there  are  more  
kinds  of conform ities  than  those  of l ineari ties.  Th is  document recommends,  on  the  prem ise  
that the  requ i rement for conform i ty has  been  satisfied ,  that the  use  of a l gebraic pol ynom ials  
wi th  degrees  as  l ow as  poss ib le  i s  des irable.  

4.9. 1  The general  formula for calcu lating  conformity 

 
C,max

FS

ΔY
ξC= 1 00%

Y
×   (20)  

where  

( )C,max i iΔY  = Max Yy −  i s  the  maximum  deviation  of the  actual  average  characteristics  from  

the  reference  characteristics ;  

iy  
i s  the  actual  average  characteristics  at the  i th  measuring  poin t;  

Yi   i s  the  reference characteristics  at the  i th  measuring  poin t;  

YFS   i s  the  fu l l -span  outpu t.  

NOTE  1  H i n ts  for cal cu lati ng  ∆YL,  max:  

1 )  By us ing  the  actual  average  characteri sti cs  ( iy ),  and  wi th  a  best  cu rve  as  the  reference  characteri sti cs,  we  

can  obta in  an  i n dependent  con form i ty.  

2 )  By us ing  the  actual  average  characteri sti cs  ( iy ) ,  and  wi th  the  working  characteri sti cs  as  the  reference  

characteri sti cs ,  we  can  obtai n  a  kind  of absol u te  conform i ty.  Bu t,  th i s  ki nd  of absol u te  conform i ty probably 
i ncl udes  components  of hysteresis  and  repeatabi l i ty,  and  therefore  i s ,  i n  a  s tri ct  sense,  not  an  i nd ication  of pure  
conform i ty.  

NOTE  2  Sometimes  and  i n  case  of necessi ty,  i t  i s  perm issib le  to  calcu l ate  conform i ty s imply from  a  g roup  of 

cal i bration  read i ngs,  i nstead  of from  ( iy ) .  

NOTE  3  There  are  many ki nds  of conform i ti es ,  such  as :  i ndependent conform i ty of the  fi rst  term inal -based  
conform i ty of the  second  degree,  zero -based  conform i ty of the  th i rd  deg ree,  l east-squares  conform i ty of the  fourth  
deg ree.  

NOTE  4  As  the  calcu l ation  of conform i ties ,  especia l l y of the  h i gher degrees,  i s  rather compl i cated ,  i t  i s  recogn ized  
that  the  calcu l ation  must  be  done  wi th  a  computer software.  

4.9.2  Absolute  conformity (ξC,ab)  

Pre-speci fy the  equation  of the  reference  straigh t l i ne  and  use  Formu la  (20) .  

NOTE  1  Among  the  several  conform i ti es  i n  th i s  report ,  and  for the  same  conform i ty val ue,  absolu te  conform i ty I s  
the  most d i ffi cu l t  to  obtain .  
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NOTE  2  I f i n terchangeabi l i ty  of characteri sti cs  i s  needed  i n  a  transducer,  i t  i s  desi rable  to  adopt absol u te  
conform i ty.  

4.9.3  Terminal -based  conformity (ξC,te)  

The calcu lati ng  formu la  i s  shown  in  Formu la  (20).  The  method  for deriving  the  term inal -based  
curve  i s  shown  i n  Annex B.  

NOTE  I f smal l er deviati ons  are  desi red  around  the  two ends  of the  i npu t  span ,  term inal -based  curve  may be  a  
better choice.  

4.9.4  Zero-based  conformity (ξC,ze)  

The calcu lating  formu la  is  shown  i n  Formu la  (20) .  The  method  for deriving  the  zero-based  
curve  i s  shown  i n  Annex B.  

NOTE  1  Zero-based  curve  i s  s imple  i n  equation  form  and  i s  therefore  easy i n  app l i cation .  

NOTE  2  A zero -based  curve  cannot  necessari l y g uaran tee  that  the  zero -range-va lue  ou tpu t  i s  a  zero.  

  

F igure  5  – Terminal -based  conformity Figure 6  – Zero-based  conformi ty  

4.9.5  Front-terminal -based  conformi ty (ξC,f, te)  

The  ca lcu lating  formu la  i s  shown  i n  Formu la  (20) .  The  method  for deriving  the  front-term inal -
based  curve  is  shown  i n  Annex B .  

NOTE  1  I f ad j ustment i s  poss ible  i n  a  transducer,  fron t-term inal -based  cu rve  can  be  tu rned  i n to  a  zero-based  
curve  by paral l e l -sh i fti ng  the  coord inate  system .  

NOTE  2  For the  same form  and  the  same degree  of fi tti n g  curve,  and  i n  terms  of the  conform i ty val ue,  front-
term inal -based  conform i ty i s  better than  zero -based  conform i ty.  Fron t-term inal -based  curve  can  guarantee  that  the  
deviat i ons  around  the  zero  i npu t  are  re l ati vel y smal l .  

4.9.6  Independent conformity (ξC, in)  

The calcu lati ng  formu la  i s  shown  i n  Formu la  (20).  The  method  for deriving  the  best curve  i s  
shown  i n  Annex B .  

NOTE  1  For the  same form  and  the  same  degree  of fi tti ng  cu rve,  and  i n  terms  of the  conform i ty val ue,  
i ndependent  conform i ty has  the  h i ghest conform i ty among  a l l  the  conform i ti es.  
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NOTE  2  I f ad j ustment  i s  possib le  i n  a  transducer,  i t  i s  desi rabl e  to  make  the  best  cu rve  approximate  the  pre-
speci fi ed  cu rve,  so  as  to  obta in  a  better absolu te  conform i ty.  

  

F igure 7  – Front-terminal -based  conformi ty  F igure 8  – Independent conformity 

4.9.7  Least-squares  conformi ty (ξC, ls)  

The calcu lati ng  formu la  i s  shown  i n  Formu la  (20).  

The  equation  for the  l east-squares  curve  expressed  i n  a lgebraic  pol ynom ial  i s  as  fo l l ows:  

 Yl s  =  a0＋ a1 x＋ a2x
2＋ . . .＋ anx

n  (21 )  

where  

x  i s  the  input  of the  transducer;  

Yl s   i s  the  reference outpu t of the  transducer;  

a0 . . . an   i s  the  coefficien ts  determ in ing  the  form  and  pos i ti on  of the  l east-squares  curve  and  
they can  be  derived  from  the  curve  fi tti ng  of the  actual  average  characteristics  of a  
transducer.  

NOTE  1  Least-squares  cu rve  cannot guarantee  that  the  maximum  deviation  i s  a  m in imum ;  

NOTE  2  For reducing  devi ations,  a  l east-squares  curve  can  be  paral l e l -sh i fted ,  so  as  to  make  the  maximum  
posi ti ve  and  negati ve  deviati ons  equal  i n  absolu te  val ue.  

NOTE  3  I n  s i tuations  where  no  s tri ct  requ i rement i s  needed ,  sh i fted  l east-squares  cu rve  may be  used  as  a  
substi tu te  for the  best  cu rve  for i ndependent  conform i ty.  

NOTE  4  The  calcu lati ng  formu la  for the  l east-squares  curve  of the  second  degree  i s  shown  i n  B . 2 . 4 . 2 .  

4.1 0  Dri ft  and  sh i ft  

4. 1 0. 1  Zero dri ft  (D0)  

The zero  dri ft  of a  transducer (D0)  can  be  calcu lated  as  fo l lows:  
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 0
0

FS

Δy
D  = 1 00 %

Y
×  (22)  

 
0,max 0, i

FS

y y
= 1 00 %

Y

−
×   

where  

y0, i   i s  the  in i tia l  zero-range-value  ou tpu t;  

y0,max   i s  the  largest  zero-range-value  output  over the  speci fi ed  period  of t ime;  

YFS   i s  the  fu l l -span  ou tpu t ( for conven ience  of ca lcu lation ,  actual  fu l l -span  ou tpu t i s  
a l l owed  to  be  used  here).  

4. 1 0.2  Dri ft  of upper-range-value outpu t (Du)  

The dri ft of upper-range-value  output  of a  transducer (Du)  can  be  calcu lated  as  fol l ows:  

 u
u

FS

Δy
D  = 1 00 %

Y
×  (23)  

 
u,max u, i

FS

y y
= 1 00 %

Y

−
×   

where,  

yu , i   i s  the  in i tia l  upper-range-value  ou tpu t;  

yu ,max   i s  the  largest  upper-range-value  outpu t over the  speci fied  period  of time;  

YFS   i s  the  fu l l -span  ou tpu t (for conven ience  of ca lcu lation ,  actual  fu l l -span  output  i s  
a l l owed  to  be  used  here).  

4. 1 0.3  Thermal  zero  sh ift  (γ)  

The Thermal  zero  sh i ft of a  transducer (γ)  can  be  calcu lated  as  fol l ows:  

 
( ) ( )

( ) ( ) ( )
0 T2 0 T1

2 1FS T1

= 1 00 % /
Y T T

y y−
×

−
 (24)  

Where  

0(T1 )y   i s  the  average  zero-range-value  ou tpu t of a  transducer at temperature  T1 ;  

0(T2)y   i s  the  average  zero-range-value  ou tpu t of a  transducer at temperature  T2 ;  

YFS(T1 )   i s  the  fu l l -span  outpu t at  temperature  T1  (for conven ience  of ca lcu lation ,  actual  fu l l -
span  ou tput i s  a l l owed  to  be  used  here) .  

I f the  zero-range-value  ou tpu t of a  transducer i s  non- l i near wi th  temperature,  the  i n terval   
(T2  –  T1 )  shou ld  be  d i vi ded  i n to  several  sub- i n tervals ,  and  calcu late  these  of a l l  the  sub-
in tervals  by us ing  formu la  (3-27) ,  and  choose the  γ  wh ich  has  the  largest absolu te  va lue.  

4.1 0.4  Thermal  sh i ft  of upper-range-value output  (β)  

The  Thermal  sh i ft  of upper-range-value  output  of a  transducer (γ)  can  be  calcu lated  as  fol lows:  
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 ( )FS(T2) FS(T1 )

FS(T1 )

β = 1 00 % /
Y  (T2  T1 )

y y−
×

−
 (25)  

where  

)1(TFSy   i s  the  average  upper-range-value  ou tpu t of a  transducer at temperature  T1 ;  

)2(TFSy   i s  the  average  upper-range-value  ou tpu t of a  transducer at temperature  T2;  

YFS(T1 )  i s  the  fu l l -span  output  at  temperature  T1  (for conven ience  of ca lcu lation ,  actual  fu l l -
span  outpu t i s  a l l owed  to  be  used  here) .  

I f the  upper-range-value  ou tpu t of a  transducer i s  non- l i near wi th  temperature,  the  i n terval   
(T2－ T1 )  shou ld  be  d ivided  in to  several  sub- i n tervals,  and  calcu late  the  β ’s  of a l l  the  sub-
in tervals  by us ing  formu la  (3-28),  and  choose the  β  wh ich  has  the  l argest absolu te  va lue.  

5 Methods  for calculating  combined  static performance indicators  

Under s tatic  cond i ti ons,  l i neari ty (conform i ty),  h ysteresis  and  repeatabi l i ty,  when  pu t  forward  
i nd ividual l y,  are  cal led  the  i nd ividual  performance ind icators  of a  transducer.  Their d i fferent  
combinations  form  combined  performance i nd icators .  There  are  no  mathematical l y-
determ inate  re lationsh ips  between  the  ind ividual  and  combined  performance i nd icators .  

We wi l l  take  the  l i near transducer as  an  example  to  i l l ustrate  the  ca lcu lation  of combined  
performance i nd icators .  The  ca lcu lating  princip le  of the  non- l i near transducer i s  s im i l ar to  that  
of the  l i near transducer.  I n  deal i ng  wi th  a l l  the  performance  i nd icators,  the  princip le  of 
extreme deviations  i s  used  exclus ivel y i n  their evaluation .  

5.1  Combined  l ineari ty and  hysteresis  (Lineari ty plus  hysteresis)  ξLH  

5. 1 . 1  The  general  form  of calcu lating  formu la  

 
LH,max

LH
FS

ΔY
ξ  = 1 00 %

Y
± ×  (26)  

where  

YLH,max  i s  the  maximum  deviation  of the  up-travel  actual  average  characteristics  ( i,uy )  and  

the  down-travel  actual  average  characteristics  ( i,dy )from  the  reference s tra ight  l i ne.  

NOTE  1  When  making  mention  of ξ
LH  

,  i nd icati on  shou ld  be  made  of the  ki nd  of reference  s traigh t  l i ne.  

NOTE  2  When  working  characteri sti cs  i s  used  as  the  reference  characteri sti cs,  the  ξ
LH

 obtai ned  may probabl y 
i ncl ude  components  of repeatabi l i ty,  and  therefore  i s ,  i n  a  s tri ct  sense,  not  an  i nd ication  of pure  combined  l i neari ty  
and  hysteresis  (ξ

LH
) .  

NOTE  3  For non- l i near transducers ,  combined  conform i ty and  hysteresis  (ξ
CH

)  may be  calcu lated  i n  a  s im i l ar way.  

5.1 .2  The calcu lation  of reference  l ine  

A straigh t- l ine  fi tti ng  i s  made  of the  up-travel  actual  average  characteri stics  ( iuy , )  and  the  

down-travel  actual  average  characteristics  ( idy , )  by u s ing  a  best stra ight l ine.  A detai led  

i l l ustration  of the  ca lcu lation  is  shown  i n  re levant  parts  of Annexes  A,  B  and  C.  

5.2  Combined  l ineari ty,  hysteresis  and  repeatabi l i ty (ξLHR)  

This  is  a lso  ca l led  the  Lineari ty p lus  hysteresis  pl us  repeatabi l i ty.  
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I n  th is  case,  the  reference straight l i ne  i s  j ust the  working  stra igh t l i ne.  

5.2. 1  The general  form  of calcu lating  formu la  

 i i
LHR

FS

Max B  + t 0,95s
ξ  = 1 00 %

Y
± ×  (27)  

where  

B i   i s  the  extreme va lue  of the  tota l  systematic error at  the  i th  measuring  poin t,  wh ich  
can  be  found  by us ing  conven tional  non-statis tica l  methods;  

t  0 ,95s i   i s  the  extreme value  of the  tota l  random  error at  the  i th  measuring  poin t.  t  0 ,95  i s  
the  coverage  factor wi th  a  confidence  of 95  %  i n  the  t-d istribu tion .  s i  i s  the  sample  
standard  deviation  at the  i th  measuring  poin t.  

Equation  (2) ,  can  be  a lso  shown  as :  

 
LHR,max

LHR
FS

ΔY
ξ  = 1 00 %

Y
± ×  (28)  

where  

YLHR,max  i s  the  maximum  deviation  of the  LHR extreme-poin t envelope  from  the  working  
stra igh t l i ne.  

NOTE  1  The  ξ
LHR

 here  corresponds  to  the  U r i n  Annex F .  

NOTE  2  For non- l i near transducers,  combined  conform i ty and  hysteres is  and  repeatabi l i ty ξ
CHR

 may be  calcu lated  
i n  a  s im i l ar way.  

5.2.2  The al ternative  forms of the  calcu lating  formu las  

Considering  the  d i fference of the  up-travel  actual  average  characteristi cs  ( iuy , )  from  the  

down-travel  actual  average  characteristics  ( idy , ) ,  Equation  (3)  may take  the  fol l owing  s imple  

forms:  

 ξLHR  =  ±  Max│ ξLHR, u , i ,  ξLHR, d , i │  (29)  

 
LH,u, i u, i

LHR,u, i
FS

ΔY  + t 0,95s
ξ  =  1 00%

Y
± ×   (30)  

 
LH,d, i d, i

LHR,d, i
FS

ΔY  + t 0,95s
ξ  =  1 00%

Y
± ×   (31 )  

where  

ξLHR, u , i   i s  the  tota l  u ncertain ty at  the  i th  measuring  poin t i n  the  upper-travel ;  

ξLHR, d , i   i s  the  tota l  u ncertain ty at  the  i th  measuring  poin t i n  the  down-travel ;  

∆YLH , u , i   i s  the  deviation  of the  up-travel  actual  average  characteristics  ( i,uy )  from  the  

working  characteristics  at  the  i th  measuring  poin t;  

∆YLH , d , I   i s  the  deviation  of the  down-travel  actual  average  characteristics  ( i,dy )  from  the  

working  characteristics  at  the  i th  measuring  poin t;  

su , i   i s  the  sample  standard  deviation  at the  i th  measuring  poin t  i n  the  up-travel ;  

International  Electrotechnical  Commission

Provided by IHS Markit under l icense with  IEC

 



I EC TR 62967:201 8    I EC  201 8  – 29  –  

sd , I   i s  the  sample  standard  deviation  at the  i th  measuring  poin t  i n  the  down-travel ;  

t  0 ,95  i s  the  coverage  factor wi th  a  confidence l evel  of 95  %  i n  the  t-d istribu tion .  

NOTE  The  adoption  of the  method  of extreme-poi n t  envel ope  i n  5 . 2 . 3 . 2  to  calcu late  ξ
LHR

 i s  most  des i rabl e.  The  
method  i s  cl ear i n  concept and  s imple  i n  ca l cu lation .  

5.2.3  The method  for calcu lating  the  working  characteristics  

5.2.3. 1  The general  principles  govern ing  the  choice and  calcu lation  of the  working  
characteristics  

The fo l l owing  poin ts  shou ld  be  taken  i n to  cons ideration :  

•  The  way i n  wh ich  the  transducer under ca l i bration  i s  used .  

•  The  s impl i fication  of transducer appl ication .  

•  The  possib i l i ty to  have  a  better value  of tota l  uncerta in ty.  

5.2.3.2  The method  of L(C)HR extreme-point  envelope  

I n  general ,  the  tota l  uncertain ty of a  transducer depends  on  the  combined  contribu tion  of 
l i neari ty (conform ity) ,  h ysteresis  and  repeatabi l i ty.  As  shown  i n  Figure  9 ,  we  can  fi nd ,  at  the  x i  

measuring  poin t,  the  up-travel  average  poin t i,uy  and  the  down-travel  average  poin t i,dy  

respectivel y.  Accord ing  to  4 . 7 . 3 ,  we  can  a lso  fi nd ,  a t  the  x i  measuring  poin t,  the  up-travel  
sample  standard  deviation  su , i  and  the  down-travel  sample  s tandard  deviation  sd , i  respectivel y.  
I n  order to  fi nd  the  two  extreme-poin ts  at  the  x i  poin t ,  csu , i  i s  subtracted  from  csu , i ,  and  csd , i  
i s  added  to  csd , i .  Thus  at the  x i  measuring  poin t,  we  obta in  two  extreme-poin ts ,  namely:  

 yu , i ,  m in  =  iuy , － csu , i   (32)  

 yd , i ,  max  =  idy , ＋ csd , i   (33)  

 

Figure 9  – The method  of L(C)HR extreme-poin t envelope  

By doing  th is  way,  we  can  obtain  2m  (m  i s  the  number of the  measuring  poin ts)  extreme 
poin ts ,  and  thus  form ing  an  envelope,  namely an  actual  uncertain ty zone,  i n  wh ich  the  true  
values  of the  measurements  l i e  a t the  g iven  confidence  l evel .  
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With  th is  actual  uncertain ty zone,  we  can  easi l y d raw a  best stra ight l ine  to  approximate  the  
zone,  thus  obtain ing  the  transducer's  working  stra ight l i ne.  After having  found  the  working  
stra igh t l i ne  and  by us ing  Equation  (3) ,  the  calcu lation  of the  tota l  uncerta in ty becomes  qu i te  
easy.  For detai l ed  i l l ustration ,  p l ease  see  re levant parts  i n  Annexes  A,  B  and  C .  

NOTE  Th is  method  can  be  regarded  as  a  geometri cal  method ,  cl ear i n  concept  and  easy to  use.  I t  provi des  a  
most effecti ve  way to  sol ve  for the  combined  l i neari ty (conform i ty)  p l us  hysteres is  p l us  repeatabi l i ty (ξL(C)  HR),  
and  therefore  the  working  characteri sti cs  of the  transducer.  
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Annex A  
( informative)  

 
Methods  and  examples  for calculating  l ineari ties  

A.1  Numerical  examples  for calcu lating  zero-based  l ineari ty 

A group of ca l ibration  data  i s  g i ven  in  Table  A. 1 ,  ca lcu late  the  zero-based  s tra igh t  l i ne  and  the  
zero-based  l i neari ty.  

Table  A. 1  

I npu t  x 0, 00  1 , 00  2, 00  3, 00  4, 00  5, 00  

Outpu t y  0, 03  1 0, 05  20, 20  29, 60  39, 90  50, 00  

 

A.1 . 1  The general  principle  of calcu lation  

Zero-based  stra igh t l i ne  i s  a  l ine  that goes  through  the  theoretica l  zero  poin t (x =  0 ,  y =  0)  and  
the  cen ter of gravi ty of the  two  poin ts  wh ich  respectivel y have  m in imal  posi ti ve  and  negative  
deviations.  As  i t  i s  not  poss ib le  to  find  the  zero-based  stra igh t l i ne  d i rectl y,  therefore  mu l tip le  
approximations  are  the  on l y way to  do  the  j ob.  

A.1 .2  Solving  for the  fi rst approximating  straight  l ine  

The l i ne  going  through  the  theoretical  zero  poin t  (x =  0 ,  y =  0)  and  the  actual  rear end  i s  
chosen  as  the  fi rst  approximating  s tra igh t l i ne,  wi th  the  equation  form  as :  Yze, (1 )  =  1 0 ,00x.  
The  deviations  of the  actual  average  characteristics  (curve)  from  the  fi rst  approximating  
stra igh t l i ne  are  shown  i n  Table  A.2 .  

Table  A.2  

x 0, 00  1 , 00  2, 00  3, 00  4, 00  5, 00  

ΔYze, (1 )  +0, 030  +0, 050  +0, 200  -0, 400  -0, 1 00  0, 000  

 

A.1 .3  Solving  for the  second  approximating  straight  l ine  

From  Table  A.2 ,  we  fi nd  that at poin ts  3  and  4 ,  namely at the  two poin ts  wi th  x  =  2 . 00  and  
x =  3. 00,  there  appear,  respective l y,  the  maximum  posi ti ve  deviation  and  the  maximum  
negative  deviation .  The  next step  i s  to  fi nd  the  coord inates  of the  cen tre  of gravi ty of the  two  
points ,  namely poin t 3  and  4.  

3,4
2 + 3

x  = 2,50
2

= ;   3,4
20,20 + 29,60

y  = 24,90
2

=  

Therefore  the  equation  for the  second  approximating  stra igh t l i ne  is :  

3,4
ze, (2)

3,4

y 24,90
Y  = x = x = 9,9600x

x 2,50
 

The  deviations  from  the  second  approximating  stra igh t l i ne  is :  
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Table  A.3  

x 0, 00  1 , 00  2, 00  3, 00  4, 00  5, 00  

ΔYze, (2 )  +0, 030  +0, 090  +0, 280*  -0, 280*  +0, 060  +0, 200  

 

Obvious l y from  Table  A. 3 ,  a t poin ts  3  and  4 ,  there  appears  the  maximum  posi ti ve  deviation  
and  the  maximum  negative  deviation ,  being  m in im ized  and  equal  to  each  other in  absolu te  
va lue.  Therefore,  the  second  approximating  stra igh t l i ne  i s  the  zero-based  stra igh t l ine  we  
want to  obtain .  The  zero-based  l i neari ty i s :  

( )ze
0,280

L  = 1 00 % = 0,562 %
5-0 9,9600

± × ±
×

 

NOTE  1  The  term inal -based  l i ne  and  term inal -based  l i neari ty  for the  data  i n  th i s  example  are:  

Y
te
 =  0 ,0300＋ 9 ,9940x;  Lze  =  － 0 ,825  % ;  

NOTE  2  The  fron t-term inal -based  l i ne  and  term inal -based  l i neari ty for the  data  i n  th i s  example  are:  

Y
f. te

 =  0 ,0300＋ 9 ,9480x;  L
f. te

 =  ±0 ,551  %  。  

A.2  Numerical  examples  for calcu lating  independent l ineari ty 

Solve  for the  best s tra ight l i ne  and  i ndependent l i neari ty for a  group of ca l ibration  data.  The  
orig inal  data  and  the  in termed iate  resu l ts  of ca lcu lation  are  g iven  i n  Table  A. 4 .  

Table  A.4  

I npu t  x 1 , 00  2, 00  3, 00  4, 00  5, 00  6, 00  

Ou tpu t y  2, 02  4, 00  5, 98  7, 90  1 0, 1 0  1 2 , 05  

Deviati ons  from  the  term inal -based  s trai gh t  l i ne  ΔYte  0, 00  -0, 026  -0, 052  -0, 1 38  +0, 056  0, 00  

ΔY'te  =  1 00  ΔYte  0, 00  -2, 60  -5, 20  -1 3, 80  +5, 60  0, 00  

 

A.2. 1  The principle  of a  precise  method  

The key to  the  calcu lation  of the  i ndependent l i neari ty i s  to  fi nd  the  best stra igh t l i ne.  There  
are  two ways  to  do  the  j ob:  anal yti cal  method  and  graph ical  method ,  wi th  the  latter be ing  easy 
and  stra ight-forward .  Our i l l ustration  i s  focused  on  g raph ica l  method .  

The  precise  method  used  i n  th is  report  for fi nd ing  the  best  stra ight  l i ne  i s  ca l led  the  Method  of 
Sun ’s  convex pol ygon ,  wh ich  was  fi rst publ ished  i n  [08]  i n  Annex G .  The  method  i s  s imple  and  
yet  powerfu l  i n  working  ou t computer programs as  wel l  as  i n  ca lcu lati ng  manual l y wi th  i ts  
modi fied  form ,  the  Method  of Transformed  Convex Pol ygon .  As  i t  i s  a lmost imposs ible  to  bu i l d  
the  orig inal  convex pol ygon  manual l y,  the  fol l owing  i s  a  procedure  to  fi nd  the  best  stra igh t l i ne  
wi th  the  help  of the  transformed  convex pol ygon .  

A.2. 1 . 1  Find ing  the terminal -based  straight  l ine  of the  cal ibration  data  

I t  i s  easy to  obta in :  Yte  =  0 ,01 40＋ 2 ,0060x 

The  deviations  of the  cal i bration  data  from  the  term inal -based  stra igh t l i ne  are  shown  i n  Table  
A. 4 .  
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A.2. 1 .2  Ampl i fying  the  deviations  

For easy graph  making ,  the  deviations  are  ampl i fi ed  by the  same factor.  I n  our case  the  factor 
i s  1 00  and  the  ampl i fi ed  deviations  are  a lso  shown  i n  Table  A. 4  

A. 2 . 1 . 3  Find ing  the  transformed  convex polygon  

Mark a l l  the  deviation  poin ts  on  a  coord inate  graph  paper and  draw a  convex pol ygon  from  the  
points ,  wi th  a l l  the  poin ts  e i ther i ns ide  the  pol ygon  or at i ts  s i des  as  shown  i n  Figure  A. 1 .  

 

Figure A. 1  – The  transformed  convex polygon  

A.2. 1 .4  Drawing  the vertical  l ines  and  find ing  the  longest  one  

Draw vertica l  l i nes  from  a l l  the  vertices  of the  polygon  to  the ir opposi te  s i des  or bases.  F i nd  
the  l ongest  vertical  l i ne  wi th in  the  pol ygon .  From  our visual  observation ,  the  vertical  l ine  
drawn  from  vertex 4  i s  the  l ongest.  

I f i t  i s  d i fficu l t to  fi nd  the  l ongest vertica l  l i ne  wi th in  the  transformed  convex pol ygon  by visual  
observation ,  then  by us ing  the  fo l lowing  formu las,  the  lengths  of a l l  the  vertical  l ines  wi th in  
the  ori g inal  convex pol ygon  can  be  calcu lated  as  fol lows.  Suppose  we want to  find  the  l ength  
(absolu te  value)  of the  vertical  l i ne  wh ich  i s  d rawn  from  vertex 4  to  s ide  1  and  5:  

1 4 5 4 5 1 5 1 4

5 1
(1 ,  4,  5)

( ) ( ) (
Δy  

y x x y x x y x x
=

)

x x
 

− − −

−

 ＋  ＋  

 

 

( ) ( ) ( )
(1 ,  4,  5)

2,02 4,00  5,00 7,90 5,00  
0

1 ,00 1 0,1 0 1 ,0
0Δ

0  4,0
1

0

5, 0
y  = , 8

0   1 ,00

− − −
=

−

＋ ＋ 

 

S im i larl y,  the  l eng th  of another vertical  l i ne  i s :  

( ) ( ) ( )4 5 6 5 6 4 6 4 

4
(4,  6

5
5,  )

6

y x x y
Δy  = 

x x y x x

x x

− − −

−

＋ ＋
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( ) ( ) ( )
(4,  5,  6)

7,90 5,00  6,00  + 1 0,1 0 6,00 
5

 4,00  + 1 2,05 4,00 
Δ 0

 5,00

6, 0
y  = , 1 2

0   4,00

−
=

− −

−
 

A.2. 1 .5  Find ing  the best triang le  

From  F igure  A. 1  and  from  our ca lcu lations  above,  the  vertex from  wh ich  the  l ongest vertical  
l i ne  is  d rawn  is  poin t 4 ,  and  the  two end  poin ts  of i ts  opposi te  s i de  or base  are  poin t 1  and  
point  5 .  The  three  da ta  poin ts  can  form  a  tri ang le,  wi th  two  s i des  4-1  and  4-5  and  a  base  1 -5.  
This  triang le  i s  constructed  from  the  orig inal  cal ibration  data,  and  is  ca l led  the  Best Triang le  
hereafter.  

A.2. 1 .6  Drawing  the best straight l ine  

The  l i ne  connecting  the  two  m idpoin ts  of the  two  s ides  of the  best tri ang le  is  j ust  the  best 
stra igh t l i ne  we  wan t.  The  derivation  of the  equation  for the  best stra ight  l i ne  is  as  fol l ows.  
F i rst ca lcu late  the  coord inates  of the  m idpoin t of s i de  4-1 :  

1 4
1 ,4

x  + x 1 ,00 + 4,00
x  = 2,50

2 2
= = ;  1 4

1 ,4
y  + y 2,02 + 7,90

y  = 4,96
2 2

= =  

Then  calcu late  the  coord inates  of the  m idpoin t of s i de  4-5:  

4 5
4,5

x  + x 4,00 + 5,00
x  = 4,50

2 2
= = ;  4 5

4,5
y  + y 7,90 + 1 0,1 0

y  = 9,00
2 2

= =  

Therefore  the  s l ope  of the  best  stra ight  l i ne  is :  

4,5 1 ,4

4,5 1 ,4

y   y 9,00  4,96
b =  =   =  2,0200

x   x 4,50  2,50

− −
− −

 

The  i n tercept of the  best stra igh t l i ne  i s :  

a  =  y1 ,4  －  bx1 , 4  =  4 ,96  －  2 ,02  ×  2 ,5 =  － 0 ,0900  

Final l y,  the  equation  for the  best stra ight l i ne  i s :  

Yin  =  － 0 ,0900＋ 2 ,0200x 

The  deviations  of the  actual  average  curve  from  the  best s tra ight l i ne  are:  

Table  A.5  

X 1 , 00  2, 00  3, 00  4, 00  5, 00  6, 00  

Δy
i n
 +0, 090  *  +0, 050  +0, 01 0  -0, 090  *  +0, 090  *  +0, 020  

 

From  Table  A. 5 ,  we  can  see  that  we  have  three  poin ts  (wi th  asterisk)  where  the  s i gns  of the  
same maximum  deviation  appear i n  an  s i gn-a l ternating  way:  

ΔY i n ,max  =  ±0 ,090  
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Actual l y,  the  absolu te  va lue  of the  maximum  deviation  i s  j ust hal f of the  leng th  of the  l ongest 
vertical  l i ne.  I t  i s  the  smal l est maximum  deviation  that can  be  obtained .  The  pri ncip le  of 
a l ternating  poin ts ,  where  the  same  smal l est  maximum  deviations  appear wi th  a l ternating  s i gns,  
i s  a  powerfu l  cri terion  for the  existence  of a  best stra igh t l i ne  or a  best curve.  No  other fi tti ng  
stra igh t l i nes  or curves  have  th is  pecu l i ari ty.  

A.2. 1 .7  Calcu lating  the  i ndependent l ineari ty 

( ) ( )
in,max in,max

in
max minin,max in,min

ΔY ΔY
L  =   

b x  xY Y
± = ±

−−
 

( )
0,090

0,891  %
2,0200 6,00 1 ,00

= ± = ±
−

 

A.2.2  The principle  of the  makesh ift methods  

The  sh i fted-term inal -based  stra ight l i ne  and  the  sh i fted- least-squares  l i ne  can  be  used  as  a  
makesh i ft for best s tra igh t l i ne.  

A.2.2. 1  The sh i fted-terminal -based  straight  l ine  

There  are  several  ways  to  fi nd  the  equation  of the  sh i fted-term inal -based  straigh t l i ne.  Here,  
we j ust show the  equation  and  the  correspond ing  l ineari ty:  

Ys. te  =  － 0 ,0270  ＋  2 ,0060x Ls. te  =  ±0 ,97  %  

A.2.2.2  The l east-squares  straight l ine  

The equation  for the  l east-squares  stra igh t l i ne  and  the  correspond ing  l i neari ty:  

Yl s  =  － 0 ,0287＋ 2 ,01 06x L l s  =  － 1 , 1 3  %  

A.3  A comparison  of the  resul ts  of al l  kinds  of l ineari ties  

For the  same cal ibration  data  in  Table  A. 4 ,  the  resu l ts  of a l l  ki nds  of l i neari ti es  are  l i s ted  
below for comparison .  Here  obvious l y,  the  i ndependent l i neari ty i s  the  h i ghest l i neari ty.  I t  i s  
recommended  that  i ndependent l i neari ty i s  used  whenever there  i s  a  requ irement for s trict  
evaluation  of l i neari ty.  

I ndependent l i neari ty L  =  ±0, 89  %  

Sh i fted- least-squares  l i neari ty L  =  ±0, 95  %  

Sh i fted-term inal -based  l i neari ty L  =  ±0, 97  %  

Zero-based  l i neari ty L  =  ±1 , 00  %  

Front-term inal -based  l i neari ty L  =  ±1 , 03  %  

Least-squares  l ineari ty L  =  － 1 , 1 3  %  

Term inal -based  l i neari ty L  =  － 1 , 38  %  
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Annex B  
(informative)  

 
Methods  and  Examples  for Calculating  Conformi ties  

B.1  The general  principle  for calculating  conformities  

The method  for find ing  the  reference curves  for calcu lati ng  conform i ties  i s  based  on  
Chebyshev’s  theory of best  approximation .  More  speci fical l y,  i t  i s  based  on  the  princip le  of 
a l ternating  poin ts  and  an  extended  Remez’s  a l gori thm .  Here,  the  fi tting  curves  exclus ivel y 
take  the  form  of an  a lgebraic pol ynom ial  of a  certa in  degree.  The  main  poin ts  of the  a lgori thm  
are  as  fol lows.  

B.1 . 1  Determin ing  the  degree  of the  fi tting  curves  

The fol l owing  h in ts  may be  he lpfu l :  

1 )  Accord ing  to  the  fi tti ng  accuracy needed  to  meet the  conform i ty requ i rement;  

2)  Accord ing  to  the  general  shape of the  actual  average  curve  and  by experience;  

3)  From  an  equal l y-spaced  d i fference  quotient  table;  

4)  By a  specia l l y-created  computer program.  

B.1 .2  Choosing  the  number of the  al ternating  poin ts  

1 )  I f there  are  n  unknowns  i n  the  pol ynom ial ,  (n+1 )  =  k  a l ternating  poin ts  shou ld  be  chosen;  

2 )  I f the  pol ynom ial  i s  requ i red  to  pass  through  p  poin ts ,  the  number of the  a l ternating  poin ts  
shou ld  be  r 

3)  D istribu ti ng  n  poin ts  on  x-axis  i n  an  orderl y way.  I n  the  fi rst approximating  calcu lation ,  the  
n  poin ts  may be  p laced  rough l y equal l y spaced ,  and  preferabl y,  wi th  the  fron t and  the  rear 
ends  of the  actual  average  curve  i ncluded .  F i nd  the  fi rst approximating  cu rve  wh ich  goes  
through  the  n  poin ts .  F i nd  the  deviations  of the  actual  average  curve  from  the  fi rst  
approximating  curve.  

B.1 .3  Determin ing  the  locations  of the  al ternating  points  

Starting  from  the  second  approximation ,  the  determ ination  of the  l ocations  of the  k  a l ternating  
points  wi l l  proceed  accord ing  to  the  fol l owing  cons iderations:  

1 )  The  deviations  of the  poin ts  chosen  shou ld  be  s ign-a l ternating ;  

2)  The  poin ts  where  there  exists  the  l argest pos i ti ve  deviation  or the  l argest  negative  
deviation  shou ld  be  fi rst i ncluded  i n  the  cand idate  a l ternating  poin ts.  The  l arger the  
deviation  of a  poin t  i s ,  the  more  poss ib le  the  poin t  i s  to  be  chosen ;  

3)  Zero  deviation  may be  regarded  as  the  smal lest pos i ti ve  deviation  or as  the  smal l est 
negative  deviation .  

B.1 .4  Find ing  the final ly-successfu l  al ternating  points  

The whole  process  i n  wh ich  the  fi nal l y-successfu l  a l ternating  poin ts  are  found  i s  an  i terative  
one.  Once we  fi nd  the  deviations  at  the  a l ternating  poin ts  to  be  s ign-al ternating ,  equal  i n  
absolu te  value,  and  the  l argest of a l l .  Th is  i s  an  i nd ication  that we  have  arri ved  at  the  fi nal l y-
successfu l  a l ternating  poin ts .  The  fi tting  curve  correspond ing  to  the  fi nal l y-successfu l  
a l ternating  poin ts  i s  j ust the  reference  curve  needed .  The  deviations  at the  a l ternating  poin ts  
are  the  smal lest  for the  same group of ca l ibration  data ,  for the  same form  and  degree  of the  
fi tti ng  curve,  and  for the  same constrain ts  pu t upon .  
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B.2  Numerical  examples  for calcu lating  conformities  

A group  of ca l i bration  data  of a  non- l inear transducer i s  g i ven  i n  Table  B. 1 .  Solve  for the  
term inal -based  curve  and  term inal -based  conform i ty,  the  zero-based  curve  and  zero-based  
conform i ty,  the  front- term inal -based  curve  and  front-term inal -based  conform ity,  the  best curve  
and  i ndependen t conform ity,  the  least-squares  curve  and  the  l east-squares  conform i ty.  At l ast,  
g ive  a  short d iscussion  of the  way the  theoretical  curve  is  chosen .  

Table  B . 1  

I npu t  x 0, 00  1 , 00  2, 00  3, 00  4, 00  5, 00  

Outpu t y  0, 1 0  1 , 00  1 , 80  2, 60  3, 00  3, 80  

 

Solu tion :  Looking  at  F i gure  B. 1 ,  by our experience,  the  form  of the  fi tting  cu rve  is  chosen  as  a  
quadratic pol ynom ial  Y =  a＋ bx＋ cx2 .  

 

Figure B. 1  – The curve  rough ly drawn  from  the  g iven  data  

B.2. 1  Solving  for the  terminal -based  curve  of the  second  degree and  the terminal -
based  conformity of the  second  degree  

B.2. 1 . 1  Find ing  the fi rst  approximating  curve  

We know that  three  un-col l i near poin ts  on  a  p lane  wi l l  determ ine  exclus ive ly a  quadratic curve  
i n  the  form  of a  a l gebraic  pol ynom ial .  Therefore,  we  can  choose  3  poin ts  from  Table  B . 1 ,  
rough l y equal l y-spaced  and  wi th  the  fi rst  and  l ast  poin ts  i ncluded :  

x  =  0, 00,  y  =  0, 1 0;  x =  3, 00,  y  =  2, 60;  x  =  5, 00,  y  =  3,80  

Create  a  l i near system  of equations  wi th  3  unknowns:  

0, 1 0-[a+b(0,00)+c(0, 00)2 ]  =  0,00  

2, 60-[a+b(3,00)+c(3, 00)2 ]  =  0,00  

3, 80-[a+b(5,00)+c(5, 00)2 ]  =  0,00  

Solve  for the  3  coefficien ts,  and  we  have :  

a  =  0, 1 000;  b  =  0, 9733;  c  =  － 0, 0467  
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Hence the  equation  of the  fi rst  approximating  curve  i s :  

Yte, (1 )  =  0 , 1 000＋ 0. 9733x－ 0 ,0467x2  

The  deviations  at  the  cal i bration  poin ts  are:  

Table  B .2  

X 0, 00  1 , 00  2, 00  3, 00  4, 00  5, 00  

ΔYte ,  ( 1 )  0, 000  -0, 027  -0, 060  +0, 000  *  -0, 246  *  0, 000  

 

B.2. 1 .2  Find ing  the second  approximating  curve  

Accord ing  to  the  explanations  in  B.2. 1 . 1 ,  we  know that a  quadratic  pol ynom ial  has  3  
unknowns,  so  we  have  to  choose  3  +  1  =  4  a l ternating  poin ts.  S ince  in  th is  case  what we  need  
is  a  term inal -based  cu rve  wh ich  shou ld  pass  through  2  fixed  poin ts,  so  the  actual  number of 
al ternating  poin ts  i s  4  – 2  =  2 .  From  Table  B . 2 ,  we  fi nd  at  x  =  3 , 00,  there  i s  the  l argest  
posi ti ve  deviation  +0 , 000,  and  at  x  =  4 , 00,  there  i s  the  l argest negative  deviation  –0 , 246,  as  
shown  by the  asterisks.  The  2  poin ts  are  chosen  as  the  a l ternating  poin ts :  

x =  3 , 00,  y =  2 ,60;  x =  4 , 00,  y =  3 ,00  

As we  hope  that at a l ternating  poin ts ,  the  deviations  shou ld  be  s i gn -a l ternating  and  of the  
same l argest absolu te  value,  therefore  we  can  construct a  complementary equation :  

2, 60－ [a＋ b(3, 00)＋ c(3, 00)2 ]  =－ {3, 00－ [a＋ b(4, 00)＋ c(4,00)2 ] }  

Th is  equation  and  the  other 2  equations  form  the  s imu l taneous  equations  i n  3  variables:  

0, 1 0－ [a＋ b(0, 00)＋ c(0, 00)2 ]  =  0,00  

3, 80－ [a＋ b(5, 00)＋ c(5, 00)2 ]  =  0,00  

(2, 60＋ 3, 00)－ [2a＋ b(3, 00＋ 4,00)＋ c(3, 002＋ 4,002)]  =  0, 00  

Solve  the  equations  for the  unknowns,  we  have :  

a  =  0, 1 000;  b  =  0, 8500;  c  =  － 0, 0220  

Hence the  equation  of the  second  approximating  curve  of the  term inal -based  curve  of the  
second  degree  i s :  

Yte,  (2)  =  0, 1 000＋ 0, 8500x－ 0, 0220x2  

The  deviations  at  the  cal i bration  poin ts  are:  
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Table  B.3  

X 0, 00  1 , 00  2, 00  3, 00  4, 00  5, 00  

ΔYte ,  (2 )  0, 000  +0, 072  +0, 088  +0, 1 48  *  -0, 1 48  *  0, 000  

 

From  Table  B .3 ,  we  can  see  that at  the  2  a l ternating  poin ts  the  deviations  are  s ign -a l ternating  
and  of the  same l argest absolu te  va lue  ±0 , 1 48,  as  shown  by the  asterisks.  Therefore  we  have  
arrived  at  the  fi na l l y-successfu l  a l ternating  poin ts  and  the  second  approximating  curve  is  the  
term inal -based  curve  of the  second  degree.  

B.2. 1 .3  Find ing  the terminal -based  conformity of the  second  degree  

te,max
te

te,max te,min

ΔY 0,1 48
C  =  4,000 %

Y Y 3,80  0,1 0
± = ± = ±

− −
 

B.2.2  Solving  for the  zero-based  curve  of the  second  degree  and  the  zero-based  
conformity of the  second  degree  

I n  th is  case ,  the  fi tting  curve  is  forced  to  pass  the  theoretical  zero  (x  =  0,  y =  0) ,  so  the  
coefficien t  of the  constant term  of the  quadratic  pol ynom ia l  a  =  0 ,  and  the  fi tting  curve  takes  
the  form  Y =  bx +  cx2 .  As we  have  on l y 2  unknowns,  the  number of the  a l ternating  poin ts  i s  
2  +  1  =  3.  Suppose  the  absolu te  va lue  of the  deviations  at  the  al ternating  poin ts  i s  μ .  

B.2.2. 1  Find ing  the  fi rst  approximating  curve  

From  Table  B . 3 ,  and  taking  in to  consideration  of the  fact  that zero  deviation  may be  regarded  
as  the  smal l est pos i ti ve  deviation  as  wel l  as  the  smal l est  negative  deviation ,  we  can  choose  
the  fol l owing  3  poin ts  as  the  a l ternating  poin ts :  

x =  3, 00,  y =  2 , 60;  x  =  4, 00,  y =  3 , 00;  x =  5, 00,  y =  3 , 80  

From  the  3  poin ts  we  can  construct the  s imu l taneous  equations  i n  3  variables :  

2, 60－ [b(3,00)＋ c(3, 00)2 ]  =  μ  

3, 00－ [b(4,00)＋ c(4, 00)2 ]  =  -μ  

3, 80－ [b(5,00)＋ c(5, 00)2]  =  μ  

Solve  the  equations  for the  unknowns,  we  have :  

b  =  0, 961 3;  c =  － 0, 0452  

Hence  the  equation  of the  fi rst approximating  curve  of the  zero-based  curve  of the  second  
degree  is :  

Yze, (1 )  =  0 . 961 3x－ 0. 0452x2  

The  deviations  at  the  cal ibration  poin ts  are:  

International  Electrotechnical  Commission

Provided by IHS Markit under l icense with  IEC

 



 – 40  – I EC TR 62967:201 8    I EC  201 8  

Table  B.4  

X 0, 00  1 , 00  2, 00  3, 00  4, 00  5, 00  

ΔYze ,  ( 1 )  +0, 1 00  +0, 084  +0, 058  +0, 1 23  *  -0, 1 22  *  +0, 1 24  *  

 

From  Table  B .4 ,  we  can  see  that at  the  3  a l ternating  poin ts  the  deviations  are  s ign -a l ternating  
and  of the  same largest absolu te  value  ±0. 1 23,  namely  μ  =  0. 1 23,  as  shown  by the  asterisks.  
Therefore  we  have  arri ved  at  the  fi nal l y-successfu l  a l ternating  poin ts  and  th is  fi rst  
approximating  curve  is  the  zero-based  curve  of the  second  degree  we  need .  The  s l i ght  
d i fference  of the  3  deviations  from  one  another is  caused  by the  l im i ted  number of s i gn i fican t  
d ig i ts  used  i n  computing .  

B.2.2.2  Find ing  the  zero-based  conformity of the  second  degree:  

ze,max
ze

ze,max ze,min

ΔY 0,1 23
C  =  3,345 %

Y Y 3,677  0,00
± = ± = ±

− −
 

Obvious l y,  i t  i s  a  l i ttle  better than  the  term inal -based  conform i ty of the  second  degree.  

B.2.3  Solving  for the  front-terminal -based  curve  of the  second  degree and  the front-
terminal -based  conformity of the  second  degree  

I n  th is  case  the  fi tti ng  cu rve  i s  forced  to  pass  the  front end  (x =  0 ,  y =  0 , 1 ) ,  so  the  coefficien t  
of the  constant term  of the  quadratic  pol ynom ial  a  =  0 , 1 ,  and  the  fi tti ng  curve  takes  the  form  Y 
=  0 , 1  +  bx +  cx2.  As  we  have  on l y 2  unknowns,  the  number of the  a l ternating  poin ts  i s  
2  +  1  =  3.  Suppose  the  absolu te  va lue  of the  deviations  at  the  a l ternating  poin ts  i s  μ .  

B.2.3. 1  F ind ing  the fi rst  approximating  curve  

Here  we  choose the  same 3  a l ternating  poin ts  as  those  we choose  for the  fi rst approximating  
curve  in  so lving  the  zero-based  cu rve  of the  second  degree.  Thus  we  can  construct the  
s imu l taneous  equations  i n  3  variables:  

2, 60－ [0, 1 0＋ b(3, 00)＋ c(3, 00)2 ]  =  ＋ μ  

3, 00－ [0, 1 0＋ b(4, 00)＋ c(4, 00)2 ]  =  － μ  

3, 80－ [0, 1 0＋ b(5, 00)＋ c(5, 00)2 ]  =  ＋ μ  

Solve  the  equations  for the  unknowns,  we  have :  

a  =  0, 1 000;  b  =  0, 9097;  c  =  － 0, 0387  

Yf. te,  ( 1 )  =  0, 1 000＋ 0,9097x－ 0,0387x2  

The  deviations  at  the  cal i bration  poin ts  are:  

Table  B .5  

X 0, 00  1 , 00  2, 00  3, 00  4, 00  5, 00  

ΔYf. te ,  ( 1 )  0, 000  +0, 029  +0, 035  +0, 1 1 9  *  -0, 1 1 9  *  +0, 1 1 9  *  

 

International  Electrotechnical  Commission

Provided by IHS Markit under l icense with  IEC

 



I EC TR 62967:201 8    I EC  201 8  – 41  –  

From  Table  B . 5 ,  we  can  see  that at  the  3  a l ternating  poin ts  the  deviations  are  s ign -a l ternating  
and  of the  same largest absolu te  value  ±0 , 1 1 9 ,  namely  μ  =  0 , 1 1 9 ,  as  shown  by the  asterisks.  
Therefore  we  have  arri ved  at  the  fi na l l y-successfu l  a l ternating  poin ts  and  th is  fi rst  
approximating  curve  i s  the  fron t-term inal -based  curve  of the  second  degree  we need .  

B.2.3.2  Find ing  the  front-terminal -based  conformity of the  second  degree  

f. te,max
f. te

f. te,max f. te,min

ΔY 0,1 1 9
C  =  3,323 %

Y Y 3,681   0,1 0
± = ± = ±

− −
 

I t  i s  a  l i ttl e  better than  the  zero-based  conform ity of the  second  degree.  We can  a lso  see  that 
at the  front end  the  deviation  i s  zero  and  remains  rather smal l  unti l  x  =  2 .  I f very smal l  
deviations  are  des i red  around  the  front  end ,  i n  th i s  case  the  fron t-term inal -based  curve  of the  
second  degree  may be  a  better choice.  

B.2.4  Solving  for the  best curve of the  second  degree and  the independent 
conformity of the  second  degree  

I n  th is  case  there  is  no  constrain t of any kinds  appl ied  on  the  quadratic  pol ynom ial ,  so  we  
have  4  al ternating  poin ts .  Usual l y,  rough l y equal l y-spaced  3  poin ts,  preferabl y i nclud ing  the  
front  end  and  the  rear end ,  may be  chosen  to  construct the  fi rst approximating  curve.  Then  
find  the  fi na l l y-successfu l  a l ternating  poin ts  step  by step.  

As  we  a l ready have  the  front-term inal -based  curve,  by studying  Table  B. 5 ,  i t  i s  very  easy to  
find  4  poin ts  as  the  cand idate  a l ternating  poin ts  and  construct  the  s imu l taneous  equations  i n  4  
variables  as  ou r fi rst approximating  curve.  As  we  d i d  before,  the  absolu te  value  of the  
deviations  at  the  a l ternating  poin ts  i s  taken  as  μ .  

B.2.4. 1  Find ing  the  fi rst  approximating  curve  

The  4  cand idate  a l ternating  poin ts  are:  

x  =  0, 00,  y =  0 , 1 0;  x =  3, 00,  y =  2 , 60;  

x  =  4, 00,  y =  3 , 00;  x =  5, 00,  y =  3, 80  

The  s imu l taneous  equations  in  4  variables:  

0, 1 0－ [a＋ b(0, 00)＋ c(0, 00)2 ]  =  ＋ μ  

2, 60－ [a＋ b(3, 00)＋ c(3, 00)2 ]  =  － μ  

3, 00－ [a＋ b(4, 00)＋ c(4, 00)2 ]  =  ＋ μ  

3, 80－ [a＋ b(5, 00)＋ c(5, 00)2 ]  =  － μ  

Solve  the  equations  for the  unknowns,  we  have :  

a  =  0, 21 56;  b  =  0, 8500;  c  =  － 0, 031 2  

Hence the  equation  of the  fi rst  approximating  curve  of the  best curve  of the  second  degree  is :  

International  Electrotechnical  Commission

Provided by IHS Markit under l icense with  IEC

 



 – 42  – I EC TR 62967:201 8    I EC  201 8  

Y i n ,  (1 )  =  0, 21 56＋ 0, 8500x－ 0, 031 2x2  

The  deviations  at  the  ca l i bration  poin ts  are  l i s ted  i n  Table  B. 6.  

Table  B .6  

x 0, 00  1 , 00  2, 00  3, 00  4, 00  5, 00  

ΔY i n ,  ( 1 )  -0, 1 1 6*  -0, 034  +0, 009  +0, 1 1 6  *  -0, 1 1 6  *  +0, 1 1 6  *  

 

From  Table  B .6 ,  we  can  see  that at  the  4  a l ternating  poin ts  the  deviations  are  s ign -a l ternating  
and  of the  same largest absolu te  value  ±0 , 1 1 6,  namely  μ  =  0 , 1 1 6,  as  shown  by the  asterisks.  
Therefore  we  have  arrived  at  the  fi nal l y-successfu l  a l ternating  poin ts  and  th is  fi rst  
approximating  curve  is  the  best  curve  of the  second  degree  we  need .  

B.2.4.2  Find ing  the best conformity of the  second  degree  

in,max
in

in,max in,min

ΔY 0,1 1 6
C  =  3,345 %

Y Y 3,684  0,21 6
± = ± = ±

− −
 

NOTE  I n  terms  of the  numerical  va l ue,  the  best  conform i ty of the  second  deg ree  i s  s l i gh tl y l arger than  the  front-
term inal -based  conform i ty of the  second  deg ree.  Th i s  i s  caused  by a  smal l er Y

FS
 for the  former.  The  maximum  

deviation  ΔY =  ±0, 1 1 6  i s  the  smal l est  for a l l  ki nds  of fi tti ng  curves  i n  th i s  example.  I f the  number of s i gn i fi can t 
d i g i ts  i s  l arge  enough  i n  computi ng ,  we  wi l l  arri ve  at  the  resu l t  that  the  best  conform i ty of the  second  deg ree  and  
the  front-term inal -based  conform i ty of the  second  deg ree,  i n  th i s  case,  are  the  same,  namely  ±3,333  %  

B.2.5  Solving  for the  l east-squares  curve of the  second  degree  and  the  l east-squares  
conformity of the  second  degree  

The l east-squares  curve  of the  second  degree  takes  the  fo l l owing  equation  form :  

Y l s  =  a＋ bx＋ cx2  

The formu las  for ca lcu lati ng  the  coefficients,  wh ich  are  usefu l  i n  creating  computer programs,  
are  as  fol l ows:  

( ) ( ) ( ){ }
2

2
2 2

2

2

Σ(x ,  y) Σ(x,  x)  Σ(x,y) Σ(
c

x ,  x · x

x,  x )
 =  

Σ x Σ,  x , xΣ  

⋅ − ⋅

−  

 

( ) ( ) ( ){ }
2

2

2

2 2 2

2 2Σ(x,  y) Σ(x ,  x )  Σ(x ,  y) Σ
b

x ,  x · x x

(x,  x )

 

 

,
= 

Σ Σ ,   xΣ x

⋅ − ⋅

−  

 

2Σy Σx Σx
a = b c

m m m
− −  

I n  the  above formu las,  y are  al l  actual  average  characteristics  iy  and  the  notation  ∑( j  , k) ,  

wh ich  appears  several  t imes,  shou ld  be  recovered  to  i ts  rea l  form  in  actual  ca lcu lation :  

∑(j  , k)  =  ∑(j · k)  – (∑j · ∑k)/m  
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I n  th is  example ,  i  =  1 ~m  ,  and  m  =  6 .  So  the  least-squares  curve  of the  second  degree  i s :  

Y l s  =  0 , 1 1 79＋ 0 ,91 04x－ 0 ,0375x2  

The  deviations  at  the  cal i bration  poin ts  are  shown  i n  Table  B. 7.  

Table  B .7  

X 0, 00  1 , 00  2, 00  3, 00  4, 00  5, 00  

ΔY
l s
 -0, 01 8  +0, 009  +0, 01 1  +0, 089  -0, 1 59  *  +0, 068  

 

The l east-squares  conform ity of the  second  degree:  

is,max
is

is,max is,min

ΔY 0,1 59
C  = 4,399%

Y Y 3,7324 0,1 1 79
= = −

− −
 

The  conform ity i s  much  (about 32  % )  l arger than  the  best  conform ity of the  second  degree.  I ts  
shortage  is  se l f-evident.  

B.2.6  A rough  principle  gu id ing  the choice  of the  theoretical  curve  

1 )  Accord ing  to  the  requ i rements  of the  system  in  wh ich  the  transducer is  on l y a  component.  
I n  th is  case  the  theoretica l  curve  is  mostl y pre-speci fied .  Bu t th is  may resu l t i n  more  
d i fficu l ties  i n  transducer manufacturing .  

2)  Accord ing  to  the  working  cu rve  obtained  i n  the  ca l ibration  test,  as  th is  may make  fu l l  use  
of the  performance of the  a l ready-existing  transducer.  
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Annex C  
(informative)  

 
Examples  for calculating  transducer individual   

and  combined  performance indicators  

C.1  General  principles  of calcu lation  

1 )  Make an  exam ination  to  see  i f there  are  any suspect data  poin ts  and  un reasonable  data  
poin ts  (usual l y caused  by temperature  contribu tions)  i n  the  orig inal  ca l i bration  data.  I f 
there  are  any such  data  poin ts ,  effort shou ld  be  made to  i den ti fy and  l ocate  the  trouble  
sources  and  get ri d  of them .  Then  do  the  ca l ibration  again .  On l y the  data  free  from  any 
suspect and  unreasonable  data  poin ts  are  su i table  for ca lcu lating  the  performance 
i nd icators.  

2)  Make use  of the  method  of L(C)HR extreme-poin t envelope  to  ca lcu late  the  working  
characteristics  and  the  tota l  uncerta in ty.  The  ca lcu lation  of ind ividual  performance 
i nd icators  remains  to  be  done  by conventional  methods.  

NOTE  I t  i s  suggested  that  the  stati sti cal  detection  method  and  the  panorama-visual  i nspection  method  i n  Annex E  
may be  used  for d i scovering  the  suspect  data  poi n ts ,  wh i l e  the  method  of compari son  of ad j acent-i n -cycle  data  pai r 
and  the  panorama-visual  i nspection  method  i n  Annex E  are  u sed  for d i scoveri ng  the  u nreasonable  data  poi n ts .  I t  i s  
not  advisabl e  to  d i scard  the  suspect  or un reasonabl e  data  poi n ts  by stati sti cal  methods.  The  correct  a l ti tu de  toward  
deal i ng  wi th  them  i s :  ne i ther to  accept  nor to d i scard  them  rash ly.  I nstead ,  try hard  to  d i scover the  real  reasons  for 
thei r exi stence,  to  remove  the  troubles  and  to  start  a  new cal i brati on  test  again  for trouble -free  ori g i nal  data.  

C.2  Numerical  examples  

C.2. 1  Numerical  example  1  

Table  C. 1  shows  the  orig inal  cal ibration  data  of a  certa in  l i near transducer.  The  data,  
accord ing  to  ou r i nspection ,  are  free  from  suspect and  unreasonable  data  poin ts.  Calcu late  
the  i nd ividual  and  combined  performance  i nd icators  of the  transducer.  

Table  C . 1  – The  orig inal  data  obtained  in  the  cal ibration  

Travel  I nput  

(x)  

Transducer ou tpu t  

(y)  

y
1
 Y

2
 Y

3
 y

4
 y

5
 

↓  

u p  

0, 0  0, 66  0, 65  0, 78  0, 67  0, 80  

2, 0  1 90, 9  1 91 , 1  1 90, 3  1 90, 8  1 90, 4  

4, 0  382, 8  382, 3  383, 5  381 , 8  382, 8  

6, 0  574, 5  576, 4  576, 0  576, 2  575, 4  

8, 0  769, 4  769, 2  770, 4  769, 8  771 , 5  

1 0, 0  963, 9  963, 1  965, 2  964, 7  966, 0  

Down  

↑  

1 0, 0  964, 2  963, 1  966, 5  965, 7  967, 2  

8, 0  770, 6  772, 4  771 , 0  770, 8  772, 1  

6, 0  577, 9  577, 4  577, 1  578, 1  578, 3  

4, 0  384, 0  384, 8  384, 2  384, 9  384, 2  

2, 0  1 91 , 6  1 92, 2  1 91 , 8  1 91 , 5  1 91 , 9  

0, 0  1 , 66  1 , 65  1 , 54  1 , 47  1 , 66  
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C.2. 1 . 1  Listing  the  in termediate  calcu lation  resu l ts  

Al l  the  i n termed iate  calcu lation  resu l ts  are  l i s ted  in  Table  C. 2.  Accord ing  to  the  methods  i n  
Clause  A.2,  we  obta in  the  best  stra ight  l ine  of the  actual  average  characteristics :  

yL  =  － 0 ,4592  ＋  96 ,4006x 

and  the  best s tra ight l i ne  of the  up-travel  actual  average  characteristics  and  the  down-travel  
actual  average  characteri stics :  

yLH  =  － 0 ,71 08  ＋  96 ,41 44x 

Table  C.2  – The  i n termediate  resu l ts  of calcu lation  

Transducer I npu t  

(x)  

0, 0  2, 0  4, 0  6, 0  8, 0  1 0, 0  Remark 

Up-travel  average  
ou tpu t 

( i,uy )  

0, 71 2  1 90, 70  382, 64  575, 70  770, 06  964, 58   

Down-travel  average  
ou tput  

( i,dy )  

1 , 596  1 91 , 80  384, 42  577, 76  771 , 38  965, 74   

Hysteresis  

(△Y
H
)  

0, 884  1 , 1 00  1 , 780  2, 060  1 , 320  1 , 1 60  △yH ,max  

=  2, 060  

The  best  fi tti ng  l i ne  
of the  up-travel  and  
down-travel  average  
characteri sti cs(Y

LH
)  

-0, 71 1  1 92, 1 2  384, 95  577, 78  770, 60  963, 43  Y
FS  

=  964, 1 4  

The  up-travel  
l i neari ty and  
hysteresis  
deviations  

(△yu , LH )  

1 , 423  -1 , 41 8  -2, 307  

*  

-2, 076  -0, 544  1 , 1 46  △YLH ,max  

=  ±2, 307  

Calcu l ated  from  the  
best  fi tti ng  l i ne  of 
the  up-travel  and  

down-travel  average  
characteri sti cs(y

LH
)  

The  down -travel  
l i neari ty and  
hysteres is  
deviations  

(△yd , LH )  

2, 307  

*  

-0, 31 8  -0, 527  -0, 01 6  0, 776  2, 307  

*  

The  actual  average  
characteri sti cs  

( iy )  

1 , 1 54  1 91 , 24  383, 53  576, 73  770, 72  965, 1 6   

The  best  fi tti ng  l i ne  
of the  actua l  
average  
characteri sti cs  

(Y
L
)  

-0, 459  1 92, 34  385, 1 4  577, 94  770, 75  963, 55  Y
FS  

=  964, 00  

Li neari ty d evi ations  

(△Y
L
)  

1 , 61 3  

*  

-1 , 092  

 

-1 , 61 3  

*  

-1 , 21 4  

 

-0, 026  

 

1 , 61 3  

*  

△YL, max  

=  ±1 , 61 3  

Calcu l ated  from  the  
best  fi tti ng  l i ne  of 
the  actual  average  
characteri sti cs  

(Y
L
)  

The  up-travel  
s tandard  deviations  

(s
u
)  

0, 072  0, 339  0, 635  0, 768  0, 926  1 , 1 30  Su , max  

=  1 , 1 30  

The  down -travel  
s tandard  deviations  

(s
d
)  

0, 087  0, 274  0, 402  0, 498  0, 81 4  1 , 1 72  sd , max  

=  1 , 1 72  
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C.2. 1 .2  Find ing  the  extreme points  

I n  order to  bu i ld  the  extreme-poin t envelope,  we  have  fi rst to  find  the  2m  =  1 2  extreme poin ts  
accord ing  to  the  method  i n  5. 2 . 3 . 2 .  Al l  the  i n termed iate  calcu lation  resu l ts  are  l i sted  i n  Table  
C. 3.  

Table  C .3  – F ind ing  the extreme points  n  =  5  c  =  t  0 .95 =  2 .776  

Up-  

Travel  

I npu t  (x)  0, 0  2, 0  4, 0  6, 0  8, 0  1 0, 0  

Average  poi n ts  ( i,uy )  0, 71 2  1 90, 70  382, 64  575, 70  770, 06  964, 58  

Csu , i  0, 200  0, 941  1 , 762  2, 1 32  2, 571  3, 1 25  

Extreme  poi n ts  yu , I  =   

( i,uy -csu , i )  
0, 51 2  1 89, 76  380, 88  573, 57  767, 49  961 , 46  

Down-  

Travel  

I npu t  (x)  0, 0  2, 0  4, 0  6, 0  8, 0  1 0, 0  

Average  poi n ts  ( i,dy )  1 , 596  1 91 , 80  384, 42  577, 76  771 , 38  965, 74  

Csd , i  0, 241  0, 760  1 , 1 1 7  1 , 382  2, 259  3, 253  

Extreme  poi n ts  yd , i  =   

( i,dy +csd , i )  
1 , 837  1 92, 56  385, 54  579, 1 4  773, 64  968, 99  

 

C.2. 1 .3  Find ing  the best fi tting  straight  l ine  

Accord ing  to  C lause  A. 2 ,  the  best fi tting  stra ight l i ne  (here  the  best working  l i ne)  of the  2m  =  
1 2  extreme poin ts :  

Y i n  =  YLHR  =  － 2 ,4445＋ 96 ,71 56x 

The  deviations  of a l l  the  1 2  extreme  poin ts  from  the  best working  l i ne  are  shown  i n  Table  C. 4.  
I n  Table  C. 4  there  are  a lso  deviations  of the  up-travel  actual  average  characteristics  and  of 
the  down-travel  actual  average  characteristics  from  the  best working  l i ne.  

Table  C .4 – The  deviations  from  the  best working  l ine  

I npu t  

(x)  

0, 0  2, 0  4, 0  6, 0  8, 0  1 0, 0  Remark 

Best  working  l i ne  

(Y
LHR

)  

-2, 445  1 90, 99  384, 42  577, 85  771 , 28  964, 71  Y
FS
 =  967, 1 6  

Deviati ons  of the  up-trave l  
extreme poin ts  

2, 957  

 

-1 , 228  

 

-3, 540  

 

-4, 281  

*  

-3, 792  

 

-3, 256  

 

△YLHR,max  =  ±4, 281  

Deviati ons  of the  down-travel  
extreme  poin ts  

4, 281  

*  

1 , 574  

 

1 , 1 1 9  

 

1 , 293  

 

2, 358  

 

4, 281  

*  

Deviati ons  of the  up-trave l  
actual  average  
characteri sti cs  

3, 1 57  

*  

-0, 290  

 

-1 , 780  

 

-2, 1 50  

 

-1 , 220  

 

-0, 1 30  △YLH , max  =  4, 041  

Deviati ons  of the  down-travel  
actual  average  
characteri sti cs  

4, 041  

*  

0, 81 0  

 

0, 000  

 

-0, 090  

 

0, 1 00  

 

1 , 030  

Deviati ons  of the  Actual  
average  Characteri sti cs  

3, 599  

*  

0, 260  

 

-0, 890  

 

-1 , 1 20  

 

-0, 560  

 

0, 450  △YL, max  =  3, 599  
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Accord ing  to  the  method  of extreme-poin t  envelope,  the  total  uncertain ty i s  numerical l y 
determ ined  by the  maximum  deviation  of the  extreme  poin ts  from  the  best working  l i ne.  I n  
Table  C.4 ,  we  find  that  the  3  maximums  equal - in -absolu te-value  and  s ign-al ternating  
deviations  ±4 ,281  (as  shown  by the  asterisks)  ind icate  that the  3  correspond ing  data  poin ts  
are  the  fina l l y-successfu l  a l ternating  poin ts .  Therefore  the  tota l  uncertain ty of the  transducer 
is :  

LHR,max
LHR

FS

ΔY
Ur = ξ 1 00%

Y
± ×  

( )
4,281

1 00% = 0,443 %
96,71 6  1 0,0 0,0

= ± × ±
× −

 

C.2. 1 .4  A complete  l i st  of the  ind ividual  and  combined  performance i nd icators  of the  
transducer 

C.2. 1 .4. 1  Equation  of the  best working  straight  l ine  

The equation  i s  ca lcu lated  from  the  L(C)HR extreme-poin t envelope  (actual  u ncertain ty zone) :  

YLHR  =  － 2 ,4445＋ 96 ,71 56x 

C.2. 1 .4.2  Equation  of the  best u ti l ization  straight  l ine  

Calcu lated  from  the  best working  stra igh t l i ne:  

XLHR  =  2 ,5275  ×  1 0 -02＋ 1 ,0340  ×  1 0 -02  y 

C.2. 1 .4.3  Lineari ty 

Calcu lated  from  the  data  i n  Table  C. 2  and  Table  C. 4  in  Annex C:  

L,max
L

FS

ΔY 1 ,61 3
ξ  = 0,1 67%

Y 964,01
± = = ±  

(Th is  i s  the  i ndependen t l i neari ty,  ca lcu lated  re lati ve  to  the  best reference straigh t l i ne)  

L,max
L

FS

ΔY 3,599
ξ  = 0,372%

Y 967,1 6
± = = +  

 (Th is  i s  the  theoretical  l i neari ty,  ca lcu lated  re lative  to  the  best working  stra igh t l i ne)  

C.2. 1 .4.4  Hysteresis  

Calcu lated  from  the  data  i n  Table  C. 2  in  Annex C:  

H,max
H

FS

ΔY 2,060
ξ  = 0,21 4%

Y 964,01
± = = +  
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C.2. 1 .4.5  Lineari ty plus  hysteresis  

Calcu lated  from  the  data  i n  Table  C.2  and  Table  C. 4  in  Annex C:  

LH,max
LH

FS

ΔY 2,307
ξ  = 0,239%

Y 964,1 4
± = = +  

 (Th is  i s  ca lcu lated  re lati ve  to  the  best  reference  stra igh t l i ne)  

LH,max
LH

FS

ΔY 4,041
ξ  = 0,41 8%

Y 967,1 6
± = = +  

 (Th is  i s  ca lcu lated  re lati ve  to  the  best  working  stra ight l ine)  

C.2. 1 .4.6  Repeatabi l i ty  

Calcu lated  from  the  data  i n  Table  C. 2  i n  Annex C:  

max
R

FS

cs 2,776  1 , 1 72
ξ  = 0,337%

Y 964,01
×

± = = +  

C.2. 1 .4.7  Total  uncertainty ( l ineari ty plus  hysteresis  plus  repeatabi l i ty)  

Calcu lated  from  the  data  i n  Table  C. 2  and  Table  C. 4  i n  Annex C  and  wi th  the  best working  
stra ight l i ne  and  the  actual  uncerta in ty zone :  

LHR,max
LHR

FS

Y 4,281
ξ  = 0,443%

Y 967,1 6
± = = ±  

NOTE  I n  th i s  example  some  performance  i nd icators  are  g i ven  two resu l ts ,  one  being  rel ati ve  to  the  best  reference  
straigh t  l i ne,  the  other rel ati ve  to  the  best  working  stra ight  l i ne.  Bu t  i t  does  not  mean  that  we  need  to  g i ve  the  two 
resu l ts  at  a l l  t imes.  The  choice  i s  up  to  the  requ i rement  of the  readers.  I f there  i s  no  specia l  requ i rement,  when  
deal i ng  wi th  l i neari ty,  and  l i neari ty p l us  hysteresis ,  i t  i s  advi sable  that  ou r readers  use  on ly the  resu l ts  g i ven  
rel ati ve  to  the  best  reference  straigh t  l i ne.  Wi thou t  prior statement,  the  two performance  i n d icators  ( l i neari ty,  and  
l i neari ty p l us  hysteresis)  are  exclus i vel y calcu lated  i n  relati on  to  the  best  reference  strai ght  l i ne.  Th i s  note  a l so  
hol ds  good  for a l l  the  fo l l owing  examples.  

The deviation  curves  i n  th is  example  are  shown  in  F igure  C. 1  and  F igure  C.2 .  
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C ── Conform i ty;  CH  ── Conform i ty p l us  H ysteresis  

CHR ── Conform i ty p l us  Hysteresis  p l us  Repeatabi l i ty  

Figure  C. 1  – Deviation  curves  which  are  calcu lated  relative  
to  relevant best  reference  l ines  of the  fi rst  degree  

 

 

C ── Conform i ty;  CH  ── Conform i ty p l us  H ysteresis  

CHR ── Conform i ty p l us  Hysteresis  p l us  Repeatabi l i ty  

Figure  C.2  – Deviation  curves  which  are  calcu lated  relative   
to  the  working  l ine  of the  fi rst  degree  
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C.2.2  Numerical  example  2  

The  orig inal  data  is  the  same as  that  i n  numerical  example  1 .  The  on l y d i fference is  that the  
transducer i s  regarded  as  a  non- l inear one  and  a  quadratic pol ynom ia l  i s  used  to  fi t  the  data  
(namely the  2m  =  1 2  extreme poin ts) .  Calcu late  the  i nd ividual  and  combined  performance  
i nd icators  of the  transducer.  

The  ca lcu lation  resu l ts  are  l i s ted  below,  bu t  the  calcu lation  process  is  om i tted  for brevi ty.  The  
deviation  curves  i n  th is  example  are  shown  i n  F igure  C. 3  and  F igure  C. 4 .  

The  best working  curve  of the  second  degree:  

YCHR  =  － 1 . 931 8＋ 96. 2884x＋ 0. 0427x2  

Conformities:  

ξC  =  ±0 ,035  %  (ca lcu lated  re lative  to  the  best reference  curve)  

ξC  =  0 ,31 9  %  (ca lcu lated  re lati ve  to  the  best  working  curve)  

Hysteresis:  

ξH  =  0 ,21 4  %  

Repeatabi l i ty:  

ξR  =  0 ,337  %  (coverage factor c  =  t  0 ,95  =  2 ,776)  

Conformity plus  hysteresis:  

ξCH  =  ±0 , 1 09  %  (ca lcu lated  re lati ve  to  the  best  reference curve)  

ξCH  =  0 ,365 %  (ca lcu lated  re lati ve  to  the  best  working  curve)  

The total  uncertainty:  

(conform i ty p l us  h ysteres is  p lus  repeatabi l i ty,  and  

ξCHR  =  ±0 ,390  %  i t  i s  ca lcu lated  wi th  the  best  working  curve  of the  second  degree  and  the  
actual  uncerta in ty zone)  
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C ── Conform i ty;  CH  ── Conform i ty p l us  Hysteres is  

CHR ── Conform i ty p l us  Hysteresis  p l us  Repeatabi l i ty  

Figure  C.3  – Deviation  curves  which  are  calcu lated  relative   
to  relevant best  reference  l ines  of the  second  degree  

 

C ── Conform i ty;  H  ── Conform i ty p l us  Hysteres is  

CHR ── Conform i ty p l us  Hysteresis  p l us  Repeatabi l i ty  

Figure  C.4 – Deviation  curves  which  are  calcu lated  relative   
to  the  working  l ine  of the  second  degree  

C.2.3  Numerical  example  3  

The orig inal  data  i s  the  same as  that i n  numerical  example  1 .  I n  th is  example,  the  ou tpu ts  of 
the  transducer remain  unchanged ,  bu t the  i nputs  (x)  are  ampl i fied  by a  factor of 1 00.  Suppose  
the  transducer has  a  working  equation  of the  form :  Y =  x.  That i s  to  say that th is  transducer i s  
regarded  as  a  transducer wi th  a  d ig i ta l  d isplay.  
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The  calcu lation  process  i s  om i tted  for brevi ty.  The  calcu lation  resu l ts  are  l i sted  be low.  I n  th is  
case  the  fu l l -span  ou tpu t  i s  YFS  =  1 000,  a  l i ttle  d i fferen t from  that  in  numerical  example  1 ,  so  
some performance  i nd icators  have  values  wh ich  are  also  a  l i ttl e  d i fferent  from  thei r 
coun terparts  i n  numerica l  example  1 .  

Lineari ty:  

ξL  =  － 3 ,484  %  (ca lcu lated  i n  re lation  to  the  g iven  working  stra igh t l i ne)  

ξL  =  ±0 , 1 67  %  (calcu lated  i n  re lation  to  the  best reference s tra ight  l ine)  

Hysteresis:  

ξH  =  0 ,206  %  

Lineari ty plus  hysteresis:  

ξLH  =  － 3 ,542  %  (calcu lated  in  relation  to  the  g iven  working  s tra ight l i ne)  

ξLH  =  ±0 ,239  %  (ca lcu lated  in  relation  to  the  best  reference  stra igh t l ine)  

Repeatabi l i ty:  

ξR  =  0 ,325  %  (coverage  factor c  =  t0 , 95  =  2 ,776)  

The total  uncertainty:  (conformity plus  hysteresis  plus  repeatabi l i ty)  

ξLHR  =  － 3 ,855 %  (calcu lated  wi th  the  g i ven  stra ight l i ne  and  the  actual  uncertain ty zone)  

ξLHR  =  ±0 ,443  %  (ca lcu lated  wi th  the  best reference s traight l i ne  and  the  actual  u ncertain ty 
zone)  

The  equation  of the  best reference  straigh t l i ne:  

Y =  –2 ,4445＋ 0 ,9672x 

NOTE  I t  i s  obvious  that,  wi th  ξLHR =  － 3 ,855  %,  th i s  transducer i s  not  sati sfactory as  a  d i g i tal  i nd icator.  However,  
wi th  ξLHR =  ±0,443  % wh ich  i s  ca l cu lated  wi th  the  best  reference  strai gh t  l i ne  and  the  actual  uncertai n ty zone,  i t  
has  the  potenti a l  to  become a  very good  d i g i ta l  i n d icator,  i f the  transducer has  physical  ad j ustment  means,  wh ich  
can  be  used  to  make  the  g i ven  stra igh t  l i ne  to  become a  best  straight  l i ne.  
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Annex D  
( informative)  

 
Examples  for calculating  transmitter individual   

and  combined  performance indicators  

D.1  General  principles  of calculation  

The calcu lation  of transm itter i nd ividual  and  combined  performance i nd icators  is  the  same as  
that for transducers.  The  on l y d i fference l i es  i n  that the  working  s tra ight  l i ne  for transm i tters  is  
g i ven  i n  advance.  

D.2  Numerical  example  

Table  D . 1  shows  the  orig inal  ca l ibration  data  of a  certa in  transm i tter.  The  data,  accord ing  to  
our i nspection ,  are  free  from  suspect and  unreasonable  data  poin ts.  The  g iven  working  
equation  i s :  Y =  2 ,0000 ＋ 0 ,8000x.  Calcu late  the  i nd ividual  and  combined  performance  
i nd icators  of the  transm i tter.  

Table  D . 1  – The  orig inal  data  obtained  in  the  cal ibration  

Travel  
I nput  

(x)  

Transmi tter ou tpu t  

(y)  

y
1
 y

2
 y

3
 Y

4
 Y

5
 

↓  

Up  

0, 0  1 , 9995  1 , 9994  1 , 9996  1 , 9993  1 , 9994  

2, 0  3, 5966  3, 5968  3, 5963  3, 5966  3, 5967  

4, 0  5, 1 942  5, 1 945  5, 1 941  5, 1 944  5, 1 946  

6, 0  6, 7957  6, 7955  6, 7953  6, 7956  6, 7956  

8, 0  8, 3995  8, 3992  8, 3993  8, 3998  8, 3994  

1 0, 0  9, 9987  9, 9989  9, 9986  9, 9987  9, 9989  

Down  

↑  

1 0, 0  9, 9995  9, 9991  9, 9993  9, 9992  9, 9995  

8, 0  8, 3996  8, 4000  8, 3995  8, 3999  8, 3997  

6, 0  6, 7960  6, 7962  6, 7959  6, 7963  6, 7962  

4, 0  5, 1 943  5, 1 947  5, 1 944  5, 1 946  5, 1 948  

2, 0  3, 5966  3, 5969  3, 5966  3, 5967  3, 5968  

0, 0  1 , 9997  1 , 9996  1 , 9999  1 , 9997  1 , 9995  

 

D.3  Calculation  resul ts  

The calcu lation  process  i s  om i tted  for brevi ty.  The  calcu lation  resu l ts  are  l i s ted  below.  The  
deviation  curves  i n  th is  example  are  shown  i n  F igure  D . 1  and  F igure  D. 2 .  

Lineari ty:  

ξL  =  － 0 ,0692  %  (ca lcu lated  relati ve  to  the  g i ven  working  s tra ight l i ne)  

ξL  =  ±0 ,0320  %  (ca lcu lated  relati ve  to  the  best reference  s traight  l i ne)  
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Hysteresis:  

ξH  =  0 ,0072  %  

Lineari ty plus  hysteresis:  

ξLH  =  － 0 ,0705  %  (ca lcu lated  re lative  to  the  g iven  working  stra igh t l i ne)  

ξLH  =  ±0 ,0334  %  (ca lcu lated  re lative  to  the  best reference  straigh t l i ne)  

Repeatabi l i ty:  

ξR  =  0 ,0080  %  (coverage  factor c  =  t0 , 95  =  2 ,776)  

The total  uncertainty (conformi ty plus  hysteresis  plus  repeatabi l i ty) :  

ξLHR  =  － 0 ,0777  %  (calcu lated  wi th  the  g iven  s tra ight  l ine  and  the  actual  uncerta in ty zone)  

ξLHR  =  ±0 ,0401  %  (calcu lated  wi th  the  best reference  straight  l i ne  and  the  actual  u ncertain ty 
zone)  

The equation  of the  best reference straight l ine:  

Y =  1 ,9969＋ 0 ,8000x 

NOTE  I t  i s  evident  that  the  total  uncertain ty calcu lated  wi th  the  best  reference  strai ght  l i ne  i s  much  better than  
that  cal cu l ated  wi th  the  g i ven  working  straigh t  l i ne.  I f the  transm i tter has  phys ical  ad j ustment  means,  the  g i ven  
straight  l i ne  can  be  made  to  become a  best  straight  l i ne.  

 
C ── Conform i ty;  CH  ── Conform i ty p l us  Hysteres is  

CHR ── Conform i ty p l us  Hysteresis  p l us  Repeatabi l i ty  

Figure  D. 1  – Deviation  curves  which  are  calcu lated  relative   
to  the  g iven  working  straight l ine  

International  Electrotechnical  Commission

Provided by IHS Markit under l icense with  IEC

 



I EC TR 62967:201 8    I EC  201 8  – 55  –  

 

C ── Conform i ty;  CH  ── Conform i ty p l us  Hysteres is  

CHR ── Conform i ty p l us  Hysteresis  p l us  Repeatabi l i ty  

Figure  D.2  – Deviation  curves  which  are  calcu lated  relative   
to  the  best reference straigh t l ine  
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Annex E  
( informative)  

 
The Pre-treatment of the  Original  Data  

E.1  The d iscovery of suspect and  unreasonable data points  

Suspect and  unreasonable  data  poin ts  may occur in  any measurements .  The  reasons  for th is  
are  very compl icated :  the  temporary,  random  or unpred ictable  troubles  of the  device  under 
cal ibration ,  of the  envi ronmenta l  cond i ti ons,  or even  of the  cal i brati ng  devices  themselves.  
The orig inal  data  wh ich  con tain  suspect  or unreasonable  data  poin ts  cannot be  accepted  as  
the  real  characteristics  of the  device  under cal i bration  and  therefore  cannot be  used  to  make 
performance ca lcu lation .  

I t  i s  not  advisable  to  d iscard  the  suspect or unreasonable  data  poin ts  by statistical  methods.  
The  correct a l ti tude  toward  deal ing  wi th  them  is :  ne i ther to  accept nor to  d iscard  them  rash l y.  
I nstead ,  try hard  to  d iscover them  and  find  the  real  reasons  for thei r existence  remove the  
troubles  and  start a  new cal i bration  test again  for trouble-free  ori g inal  data.  

E.2  The detection  of suspect data points  

E.2.1  The general  principle  of statistical  detection  

I n  order to  check whether the  j th  data  poin t  at the  i th  cal ibration  poin t  i n  the  up-travel  i s  a  

suspect data  poin t,  fi rst  ca lcu late  uy ( i )  and  su , i .  I f the  fol lowing  d iscrim inan t i s  satisfied :  

 Max｜ yu ( i , j )－ uy  ( i )｜ >  ksu , i   (E . 1 )  

( i  =  1 ~m ;  j  =  1 ~n)  

where  

m  i s  the  number of ca l ibration  poin ts ;  

n   i s  the  number of ca l ibration  cycles .  

Then ,  th is  yu ( i , j )  i s  regarded  as  a  suspect data  poin t.  I n  Equation  (E . 1 ) ,  k  i s  the  confidence  
factor that depends  on  the  confidence  l evel  requ ired  (usual l y 95  %)  and  the  sample  s i ze  n  
(namely the  cycle  number n ) ,  to  be  checked .  What shou ld  be  checked  is  a l l  the  2m  ×  n  data  
poin t  i n  2m  samples  i n  a l l  the  up-travel  and  down-travel  cycles .  I f we  fi nd  yu ( i , j )  to  be  a  
suspect data  poin t,  i n  order to  determ ine  i f there  remains  another suspect data  poin t,  the  
fol l owing  two  methods  may be  helpfu l :  

1 )  D iscard  yu ( i , j )  from  the  sample,  then  calcu late  uy ( i )  and  su , i  again  wi th  the  remain ing  data  

points ,  and  make a  new check of the  remain ing  data  poin ts  wi th  Equation  (E. 1 ) .  I n  th is  
method ,  every time  wi th  sample  s i ze  becom ing  smal ler and  smal ler,  accurate  check 
becomes more  d i fficu l t.  

2)  Let  yu ( i , j )  = uy ( i ) ,  then  calcu late  uy ( i )  and  su , i  aga in  wi th  the  s l i gh tl y-mod ified  sample,  and  

make a  new check of the  sample  wi th  Equation  (E. 1 ) .  I n  th is  method ,  the  sample  s i ze  
remains  the  same,  so  the  check general l y keeps  being  effective.  

E.2.1 . 1  Detection  method  by Grubbs  

This  method  was  fi rst pu t  forward  i n  1 950  by F .E.  Grubbs.  Being  more  effecti ve  and  accurate,  
i t  has  found  wide  appl ication  i n  many publ ications.  The  way i t  i s  used  i s  the  same as  that i n  
E. 2 . 1 .  Table  E. 1  shows  the  relationsh ip  of i ts  k  to  n .  
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Table  E. 1  

n  3  4  5  6  7  8  9  1 0  

k  1 , 1 53  1 , 463  1 , 672  1 , 822  1 , 938  2, 032  2, 1 1 0  2, 1 76  

 

E.2.1 .2  Detection  Method  by AEDC  

This  method  was  fi rst  pu t forward  i n  1 950  by Arnold  Eng ineering  Development Center of the  
American  Ai r Force  [07] .  The  concept of th is  method  i s  very s im i lar to  that of Grubbs  method .  
The on l y d i fference  l ies  i n  that,  wi th  the  i ncreasing  sample  s i ze,  k  becomes  a  l i ttl e  smal ler 
than  i ts  counterpart  i n  Grubbs  method .  

AEDC method  is  reported  as  be ing  more  accurate  i n  checking  smal l  samples  for suspect  data  
poin ts .  The  way i t  i s  used  i s  the  same as  that i n  E. 2 . 1 .  Table  E. 2  shows  the  re lationsh ip  of i ts  
k  to  n .  

Table  E.2  

n  3  4  5  6  7  8  9  1 0  

k  1 , 1 54  1 , 435  1 , 634  1 , 782  1 , 896  1 , 988  2, 064  2, 1 27  

 

E.2.1 .3  Panorama-visual  Inspection  Method  

Statistical  methods  are  not  a l l -powerfu l  at  a l l  t imes.  I t  i s  a lmost imposs ible  to  check a  sample  
of l ess  than  3  e lements  wi th  statis tica l  methods.  Even  a  sample  wi th  5  e l ements  i s  s ti l l  
regarded  as  not being  l arge  enough  for s tatistica l  treatment.  

I t  i s  our common  knowledge that under good  cal i brating  cond i tions,  there  can  be  no  abrupt 
and  unreasonable  changes  of any ki nds  appearing  i n  a  device  under test wi th  stable  
performance.  I n  l i gh t of th is  fact,  i t  may be  a  good  idea  to  d iscover the  abrupt and  
unreasonable  changes  wi th  the  help  of a  fu l l -view deviations  graph .  I n  most transducer and  
transm i tter appl ications  where  the  sample  s i ze  is  usual l y 3~5,  sometimes  the  panorama-visual  
i nspection  method  may probabl y become our on l y or l ast resort  wi th  wh ich  to  d iscover suspect 
data  poin ts .  

As  some  h igh-precis ion  devices  under test  may have  very good  repeatabi l i ty,  for example  
better than  0 ,01  %,  even  the  existi ng  h i gh -precis ion  measuring  i nstruments  and  the  very 
carefu l  ca l i bration  operations  are  not competen t for thei r effective  and  accurate  cal i bration .  I n  
these  cases  some  of the  good  data  poin ts  are  eas i l y checked  as  suspect ones,  or vice  versa.  
I t  i s  suggested  that panorama-visual  i nspection  method  shou ld  be  used  in  these  
ci rcumstances.  I f the  tota l  p icture  or the  general  tendency of the  deviation  cu rves  are  good ,  
then  we  can  make decis ion  that the  device  under test shou ld  be  a l l owed  to  pass  the  check,  
even  i f there  are  some statis tica l l y-found  suspect data  poin ts ,  or vice  versa.  

E.2.1 .4  Numerical  Example for Discovering  Suspect Data  Points  

The orig inal  ca l i bration  data  of a  certa in  transducer i s  shown  in  Table  E. 3 ,  make  a  check of 
them  for suspect  data  poin ts  wi th  Grubbs  detection  method ,  AEDC detection  method  and  the  
panorama-visual  i nspection  method .  
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Table  E.3  – The orig inal  data  obtained  in  the  cal ibration  

travel  I nput (x)  
Transducer ou tpu t (y)  

y
1
 Y

2
 y

3
 y

4
 Y

5
 

↓  

Up  

0, 0  -2, 774  -2, 71 4  -2, 681  -2, 672  -2, 663  

2, 0  0, 560  0, 61 0  0, 637  0, 652  0, 657  

4, 0  3, 945  3, 987  4, 022  4, 037  4, 042  

6, 0  7, 385  7, 422  7, 451  7, 474  7, 470  

8, 0  1 0, 875  1 0, 920  1 0, 940  1 0, 944  1 0, 964  

1 0, 0  1 4, 420  1 4, 467  1 4, 464  1 4, 478  1 4, 492  

Do  

wn  

↑  

1 0, 0  1 4, 420  1 4, 467  1 4, 464  4, 478  1 4, 492  

8, 0  1 0, 944  1 0, 881  1 0, 985  1 0, 985  1 1 , 01 1  

6, 0  7, 489  7, 51 7  7, 51 8  7, 550  7, 551  

4, 0  4, 052  4, 090  4, 1 07  4, 1 06  4, 1 22  

2, 0  0, 655  0, 680  0, 698  0, 708  0, 721  

0, 0  -2, 71 4  -2, 681  -2, 664  -2, 651  -2, 640  

 

E.2.1 .4. 1  By Using  Grubbs  Detection  Method  

Conclus ion :  No  suspect data  poin t  i s  d iscovered .  

E.2.1 .4.2  By Using  AEDC Detection  Method  

Conclus ion :  The  two  data  poin ts  yu (6, 1 )  and  yd (6, 1 )  are  d iscovered  as  suspect data  poin ts ,  
because  we  know:  

yu (6 , 1 )  =  yd (6, 1 )  =  1 4 , 420;  

uy (6)  =  dy  (6)  =  1 4, 4642;  

su , 6  =  sd , 6  =  0 ,02704;  k  =  1 ,634  

Therefore,  

｜ yu(6, 1 )－ uy  (6)｜  =  0, 04420  >  ksu , 5  =  0, 0441 8;  

｜ yd(6, 1 )－ dy  (6)｜  =  0, 04420  >  ksu , 5  =  0, 0441 8  

From  the  above ca lcu lations,  we  know,  even  though  yu (6, 1 )  and  yd (6, 1 )  are  d iscovered  as  
suspect data  poin ts,  bu t  a t most they are  the  edge- l yi ng  suspect data  poin ts.  Th is  i s  
somewhat a  d i l emma i n  wh ich  d iscard ing  or accepting  the  two  poin ts  i s  hard  for us  to  decide.  
I n  th is  case,  we  m igh t have  a  try of the  panorama-visual  i nspection  method .  From  Figure  E. 1 ,  
we can  see  that there  i s  no  abrupt change i n  the  deviation  curves  at the  two  data  poin ts.  So  
they can  be  accepted  as  good  data  poin ts.  

E.2.1 .4.3  By Using  Panorama-visual  I nspection  Method  

From  Figure  E. 1 ,  at  x  =  0 . 8  i n  the  down -travel ,  we  find  that there  i s  a  smal l  upward  turn  i n  the  
CHR deviation  cu rve.  We a lso  fi nd  that th is  data  poin t  yd (5, 2)  =  1 0 .881  deviates  obviousl y 
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from  the  majori ty.  Bu t s trangel y,  AEDC method  shows  that  i t  i s  a  good  data  poin t.  The  AEDC 
checking  process  goes  l i ke  th is :  

yd  (5, 2)  =  1 0 , 881 ;  

dy  (5)  =  1 0, 961 2;  

sd , 5  =  0, 05084;  k  =  1 , 634  

Therefore,  

｜ yd (5, 2)－ dy  (5)｜  =  0, 08020  <  ksu , 5  =  0, 08307  

This  i s  a lso  a  con trad ictory case.  At  l east,  we  bel ieve  th is  data  poin t  an  edge- l yi ng  good  data  
point.  I n  th is  case,  i t  i s  desi rable  to  find  the  real  reason  for the  upward  tu rn  of the  CHR 
deviation  curve  and  take  substan tia l  measures  to  remove  the  poss ibl y h i dden  troubles.  

 

C ── Conform i ty;  CH  ── Conform i ty p l us  Hysteres is  

CHR ── Conform i ty p l us  Hysteresis  p l us  Repeatabi l i ty  

Figure  E.1  – Deviation  curves  which  are  calcu lated   
relative  to  the  best  working  straight  l ine  

E.3  The Inspection  of Unreasonable Data Points  

E.3.1  The Unreasonable  Data  Points  

There  are  some orig ina l  data  wh ich  can  or rough ly can  pass  a l l  the  statis ti ca l  detections,  and  
yet they are  questionable  in  rea l i ty.  These  data  can  be  class i fied  as  unreasonable  data  and  
they may appear i n  the  fo l l owing  d i fferent ways:  

1 )  A group of data  taken  at  the  same cal i bration  poin t and  i n  the  same cal ibration  d i rection  
show an  eviden tl y g radual l y- i ncreasing  or gradual l y-decreasing  tendency i n  re lation  to  the  
successive  cycles.  Th is  tendency can  be  d iscovered  by the  comparison  of a  group of the  
ad j acen t- in -cycle  data  pai rs,  for example  yu ( i , j )  and  yu ( i , j +1 ).  Th is  kind  of unreasonable  
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data  resu l t  main l y from  the  change  i n  environmental  temperature  or from  the  sel f-heating  
of the  device  under cal i bration .  

2)  At  the  upper-range-value  the  h ysteres is  becomes zero.  General l y,  th is  i s  not  poss ib le .  
Because  the  correct testi ng  operation  demands  that at the  upper-range-value,  the  
measurand  shou ld  have  a  l i ttle  over-shoot before  starting  the  down-travel .  

3)  Al l  or some of the  h ysteres is  values  become negative.  General l y,  th is  i s  a lso  not  poss ible .  
The reasons  for th is  abnormal i ty may be  temperature  change,  range  swi tch ing  of 
measuring  i nstruments,  un -stable  or poor-qual i ty cal ibration  faci l i ti es  or care less  operation .  
Th is  may a lso  resu l t from  the  poor qual i ty of the  device  under ca l i bration .  

4)  The  appearance  of abrupt changes  i n  repeatabi l i ty value  or even  the  appearance of zero  
repeatabi l i ty.  The  reasons  for th is  may be  more  than  those  mentioned  above.  

E.3.2  Example  1  for Inspecting  the Unreasonable  Data Points  

The  resu l ts  of a  computer-conducted  i nspection  for the  unreasonable  data  poin ts  are  shown  in  
Table  E. 4.  Th is  i nspection  method  i s  more  qual i tati ve  than  quanti tati ve.  The  fol lowing  is  a  
brief anal ys is  of the  i nspection  resu l ts.  

Table  E.4 – A l ist  of the  computer-conducted  inspection   
resu l ts  for the  unreasonable  data points  

I tems  to  be  
i nspected  

Percentage of 
the  gradual l y-  
i ncreasing  

ad jacent-in -cycl e  
data  pai rs  

Percen tage  of 
the  gradual l y-
decreasing  

ad jacent-in -cycl e  
data  pai rs  

Percen tage  of 
the  equal  

ad jacent-in -cycl e  
data  pai rs  

H  =  0  H  

becomes  
negati ve  

Data  i n  Tabl e  C. 1  50, 00  %  50, 00  %  0, 00  %  0, 0  %  0, 0  %  

Data  i n  Tabl e  D. 1  56, 25  %  41 , 67  %  2, 08  %  0, 0  %  0, 0  %  

Data  i n  Tabl e  E . 3  87, 50  %  1 0, 42  %  2, 08  %  1 00  %  3, 3  %  

 

1 )  From  Table  E . 4 ,  we  fi n d  that  there  are,  on  the  main ,  no  un reasonable  data  poi n ts  i n  Tab le  C. 1  and  Table  D. 1 .  
The  resu l ts  of Tabl e  C. 1  even  show a  typical  i nstance  of good  ori g i nal  ca l i brati on  data.  

2)  The  data  i n  E3  show a  genera l  tendency of consi derabl e  i ncrease  wi th  cycles,  wh ich  may resu l t  from  
temperatu re  change.  

E.3.3  Example  2  for Inspecting  the Unreasonable  Data Points  

Figure  E. 2  shows  the  deviation  curves  of a  certa in  transducer (m  =  6,  n  =  3,  the  orig inal  
cal ibration  data  are  om i tted).  For so  smal l  a  cycle  number,  the  statistical  detection  methods  
cannot make an  accurate  check for suspect data  poin ts.  

From  F igure  E. 2 ,  we  can  fi nd  troubles  wi th  the  orig inal  data :  zero hysteresis  and  zero  
repeatabi l i ty,  and  very obvious l y abrupt and  i rregu lar change i n  repeatabi l i ty.  I t  i s  absolu tel y 
certa in ,  that th is  orig i nal  data  i s  very typical  of a  poor ca l i bration  operation  or of a  poor device  
under cal ibration .  
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C ── Conform i ty;  H  ── Conform i ty p l us  Hysteres is  

CHR ── Conform i ty p l us  Hysteresis  p l us  Repeatabi l i ty  

Figure  E.2  – Deviation  curves  wh ich  are  calcu lated   
relative  to  the  best  working  straight  l ine  
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Annex F  
(informative)  

 
The  fundamentals  for calculating  transducer uncertainty 

F.1  Components  of measurement uncertainty 

Uncertain ty is  an  evaluation  that shows  a  zone  i n  wh ich  the  true  value  of a  measurand  l i es  
under speci fi ed  operati ng  cond i tions,  whereas  error i s  the  deviation  of the  measured  value  of 
a  measurand  from  i ts  true  va lue.  I n  general ,  uncerta in ty i s  composed  of several  components :  

s1 ,  s2 , . . .  ,  s i , . . .  (components  of A class,  obtained  s tatistical l y)  

b1 ,  b2 , . . .  ,  b j , . . .  (components  of B  class,  obta ined  non -statistical l y)  

F.2  Combined  uncertainty 

Combined  uncerta in ty i s  ca lcu lated  by us ing  Equation  (F. 1 ):  

 2 2
c ,

1

u  = 2 cov( )i i k l

k

s b σ σ
<

+ +∑ ∑  (F . 1 )  

where  

cov(σk , σ l )   i s  the  covariance  of any two  components  σk , σ l  (wh ich  may be  regarded  as  any 
one  of s I  and  b j ) .  Th is  covariance  can  be  also  expressed  i n  terms  of correlation  
coefficien t ρkl  ,  namely:  cov(σk , σ l )  =  ρklσkσ l .  

F.3  The combined  uncertainty of a  transducer 

For a  s i ng le- i nput/s ing le-ou tpu t transducer,  at  the  i th  ca l i bration  poin t,  the  tota l  random  error 
s i  may be  regarded  as  the  on l y component of cl ass  A,  whereas  the  tota l  systematic error b I  
may be  regarded  as  the  on l y component of class  B .  Therefore  at the  i th  ca l i bration  poin t,  the  
combined  uncerta in ty of the  transducer i s :  

 2 2
ic, i i i , (bs)U  = b  + s  +  2ρ bs  (F . 2)  

where  

ρ i , (bs)  The  correlation  coefficien t of b  to  s  at  the  i th  cal ibration  poin t.  

I n  transducer performance  calcu lation ,  the  random  error and  the  systematic  error are  
calcu lated  from  the  same orig ina l  data,  so  b  and  s  are  wel l  correlated  to  each  other.  Therefore  
we cons ider that ρi , (bs)  =  1 .  Thus  the  combined  uncertain ty of the  transducer at the  i th  
cal ibration  poin t  can  be  reduced  to  the  s imple  form :  

 Uc, i  =  b i＋ s i   (F . 3)  

F.4 The total  uncertainty of a  transducer at the  i th  cal ibration  point  

This  i s  a lso  ca l led  the  expanded  uncertain ty.  I n  the  case  of t-d istribu tion  and  wi th  a  sample  
size  of 3~5,  the  confidence  l evel  of combined  uncertain ty i s  about 60  %~70  %,  wh ich  i s  not  
satisfactory i n  most appl ications.  I n  order to  ach ieve  a  feasib le  tota l  uncerta in ty at the  i th  
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ca l i bration  poin t U t, i ,  the  combined  uncertain ty i s  usual l y mu l ti p l ied  by a  so-cal l ed  coverage  
factor c:  

 U t, i  =  cuc, i  =  cb i＋ cs i   (F . 4)  

where  

C   i s  Coverage  factor.  For t-d istribution  and  for a  confidence  l evel  of 95  %,  as  we  do  i n  
4 . 7. 2 ,  c  =  t  0 . 95 ;  

cb i   i s  Let cb i  =  B i .  B i  i s  ca l led  the  extreme va lue  of the  tota l  systematic error of a  transducer 
at the  i th  cal ibration  poin t,  wh ich  can  usual l y be  obtained  by non-statis tica l  methods;  

cs i  i s  The  extreme va lue  of the  total  random  error of a  transducer at the  i th  cal ibration  poin t.  
And  we  have  csI  =  t0. 95sI .  

Therefore  fi nal l y,  the  tota l  uncerta in ty of a  transducer at  the  i th  ca l i bration  poin t wi l l  take  the  
fol lowing  equation  form :  

 U t, i  =  ±(B i＋ t  0 . 95s i )   (F . 5)  

F.5 The total  uncertainty of a  transducer 

The tota l  uncerta in ty of a  transducer at the  i th  cal ibration  poin t,  when  the  l argest one  of wh ich  
i s  chosen  and  expressed  as  the  percentage  of transducer fu l l -span  ou tpu t,  tu rns  i n to  the  tota l  
uncertain ty of a  transducer,  and  i t  takes  the  fo l lowing  equation  form :  

 
t, i

t
FS

Max U
U  = 1 00%

Y
± ×   (F . 6)  

 i i
t

FS

Max B t 0,95 s
U  = 1 00%

Y

+
± ×   (F . 7)  

where  

B i   i s  the  extreme value  of the  tota l  systematic  error of a  transducer at the  i th  ca l i bration  
poin t,  wh ich  can  usual l y be  obtained  by non-statis tica l  methods;  

t  0 ,95s i   i s  the  extreme value  of the  tota l  random  error of a  transducer at  the  i th  cal i bration  
poin t.  
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I f there  i s  any question ,  you  cou ld  contact Prof.  Sun  for more  deta i ls .  

Prof.  Dehu i  Sun  

Department of Measurement and  Control  

Col lege  of Automation  Science  and  E lectrica l  Eng ineering  

Bei j i ng  Un ivers i ty of Aeronau tics  and  Astronautics  (BUAA)  

37,  Col l ege  Road  

Bei j i ng  1 001 91 ,  People’s  Republ ic  of Ch ina  

Telephone:  (86)(01 0)8231 31 56  

E-mai l :  dhsun . ac@buaa. edu . cn  
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