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ULTRASONICS – PULSE-ECHO SCANNERS –  

 
S imple  methods for periodic testing  to  verify stabi l i ty  
of an  imaging  system’s  elementary performance 

 
FOREWORD 

1 )  The  I n ternati ona l  E l ectrotechn ical  Commissi on  ( I EC)  i s  a  worl dwide  organ izati on  for s tandard i zati on  compri s i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC  National  Commi ttees) .  The  ob ject  of I EC  i s  to  promote  
i n ternati onal  co-operati on  on  a l l  q uesti ons  concern ing  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 ternati onal  S tandards,  Techn ica l  Speci fi cati ons ,  
Techn ica l  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 cati on (s)” ).  The i r preparati on  i s  en trusted  to  techn i cal  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  sub ject dea l t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmen ta l  and  non -
governmen ta l  organ izati ons  l i a i s i ng  wi th  the  I EC  a l so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y 
wi th  the  I n ternational  Organ izati on  for Standard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
ag reement between  the  two  organ izati ons.  

2 )  The  formal  deci s ions  or ag reemen ts  of I EC  on  techn ical  matters  express,  as  nearl y as  poss ib l e,  an  i n ternati onal  
consensus  of op i n i on  on  the  re l evan t  subjects  s i nce  each  techn ical  commi ttee  has  represen tati on  from  a l l  
i n terested  I EC  Nati onal  Commi ttees.   

3 )  I EC  Publ i cati ons  have  the  form  of recommendati ons  for i n ternati ona l  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot be  hel d  responsibl e  for the  way i n  wh i ch  they are  used  or for any 
m is in terpretati on  by any end  u ser.  

4 )  I n  order to  promote  i n ternational  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  appl y I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t  possib l e  i n  thei r nati onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or reg ional  pub l i cati on  shal l  be  cl earl y i nd i cated  i n  
the  l a tter.  

5)  I EC  i tse l f does  not  provi de  any attestati on  of con form i ty.  I ndependen t  certi fi cati on  bod ies  provi de  conform i ty 
assessmen t  services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsib le  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

6 )  Al l  u sers  shou l d  ensu re  that  they have  the  l atest ed i ti on  of th i s  publ i cati on .  

7)  N o  l i abi l i ty shal l  a ttach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i ncl ud i ng  i nd i vi dual  experts  and  
members  of i ts  techn i cal  commi ttees  and  I EC  Nati onal  Commi ttees  for any persona l  i n j u ry,  property d amage  or 
o ther damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud ing  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cati on ,  use  of,  or re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cati ons.   

8)  Atten ti on  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cati on .  U se  of the  referenced  publ i cati ons  i s  
i nd i spensabl e  for the  correct appl i cati on  of th i s  publ i cati on .  

9)  Atten ti on  i s  d rawn  to  the  poss ib i l i ty that  some  of the  e l emen ts  of th i s  I EC  Publ i cati on  may be  the  subj ect  of 
paten t ri gh ts .  I EC  shal l  n ot  be  he l 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 ical  commi ttees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  commi ttee  may propose  the  publ ication  of a  Techn ical  
Speci fication  when  

•  the  requ i red  support cannot be  obtained  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subject i s  sti l l  under techn ical  development or where,  for any other reason ,  there  i s  the  
fu ture  bu t no  immed iate  possibi l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  Speci fications  are  subject to  review wi th in  three  years  of publ ication  to  decide  
whether they can  be  transformed  i n to  I n ternational  Standards.   

I EC  TS  62736,  wh ich  i s  a  Techn ical  Speci fication ,  has  been  prepared  by I EC techn ical  
commi ttee  87:  U l trason ics.  
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The  text of th is  Techn ical  Speci fication  i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

87/576/DTS  87/592A/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  Techn ical  Speci fication  can  be  found  in  
the  report on  voting  ind icated  in  the  above  table.  

Th is  publ ication  has  been  d rafted  i n  accordance  wi th  the  ISO/IEC Di rectives,  Part 2 .  

Terms  i n  bold  i n  the  text are  defined  i n  C lause  3 .  Symbols  and  formu lae  are  in  Times  New 

Roman  italic .   

The  commi ttee  has  decided  that the  conten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  ind icated  on  the  I EC  websi te  under "h ttp: //webstore. iec.ch"  i n  the  data  
related  to  the  speci fic publ ication .  At th is  date,  the  publ ication  wi l l  be  

•  transformed  i n to  an  I n ternational  Standard ,  

•  reconfi rmed ,  

•  wi thdrawn,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

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

 

IMPORTANT – The 'colour inside'  logo on  the  cover page of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understanding  of i ts  contents.  Users  should  therefore print th is  document using  a  
colour printer.  
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I NTRODUCTION  

An  u l trason ic pu lse-echo  scanner produces  images  of ti ssue  i n  a  scan  p lane  by sweeping  a  
narrow pu lsed  beam  of u l trasound  th rough  the  section  of i n terest and  detecting  the  echoes  
generated  by reflection  at  ti ssue  boundaries  and  by scattering  wi th in  ti ssues.  Various  
transducer types  are  employed  to  operate  in  a  transmi t/receive  mode  to  generate/detect the  
u l trason ic s ignals.  U l trason ic scanners  are  widely used  i n  med ical  practice  to  produce  images  
of soft-tissue  organs  th roughou t the  human  body.  As  u l trasound  systems  are  usual l y 
employed  under rigorous  time  restrictions  and  in  d i verse  envi ronments  to  help  make  decisions  
often  cri ti cal  to  patien ts’  wel l  being ,  i t  i s  importan t that the  systems  perform  consisten tl y at the  
l evel  provided  and  accepted  in  i n i tia l  tests,  e . g .  those  of I EC 61 391 -1  and  I EC  61 391 -2.  Th is  
document provides  methods  to  veri fy the  stabi l i ty of an  imag ing  system’s  elementary 
performance.  

Th is  document i s  deemed  necessary because  substandard  u l trasound  system  performance  i s  
often  accepted ,  or remains  undetected  in  the  absence  of unequ ivocal  and  documented  tests.  
The  most common  of the  fa i l u res,  i n  a l l  bu t the  o ldest systems  nearing  reti rement,  are  
subperformance  of a  transducer-array e lement or l ens  or of a  cable  or e lectron ic channel .  
Sensi ti ve  image  un i formi ty tests  for these  transducer-  and  channel -fa i l u res  are  presented  in  
th is  document for use  month ly (Level  1 ) ,  b iannual ly (Level  2)  and  b ienn ial l y (Level  3) .  Wi th  
approximately 1 4  %  transducer-fai lu re  rate  and  1 0  %  system-fai lu re  rate  per year on  fi rst  
testing  [1 ] , [2 ] , [3 ] , [4 ] , [5] , [6 ] , [7 ] , [8] , [9] , [1 0] , [1 1 ] , [1 2] ,  there  are,  very approximately,  1 00  000  
systems  worldwide  rou tinely performing  suboptimal  d iagnostic exams  for part of the  year.  

Th is  common  occurrence  of suboptimal  d iagnostic examinations  has  created  an  u rgen t need  
to  standard ize  qual i ty-con trol  (QC)  and  performance-evaluation  procedures  to  promote  
improved  efficacy of d iagnostic examinations  through  widespread  use  of effective  QC 
procedures  and  to  d ispel  myths  as  to  thei r u ti l i ty.  Proposers  bel ieve,  however,  that existing  
national  s tandards  and  gu ides  [1 3] , [1 4]  speci fy too  many tests  and  i nappropriate  tests  for 
detecting  and  d iscrim inating  the  common  flaws  in  d iagnostic u l trasound  systems  during  
rou tine  QC.  These  practices  i nclude  tests,  such  as  spatia l  resolu tion ,  wh ich  are  low-yie ld  and  
belong  in  performance-evaluation  procedures,  rather than  QC.   

Modern  flat-panel  d isplay technology i s  more  stable  than ,  and  general l y far superior to,  earl ier 
CRT d isplays.  However,  LCD  d isplays  can  sti l l  exh ibi t  l um inance  dri ft,  as  wel l  as  problems  
such  as  defective  p ixels.  I t  i s  sti l l  necessary to  evaluate  them  period ical ly.   
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ULTRASONICS – PULSE-ECHO SCANNERS –  
 

S imple  methods for periodic testing  to  verify stabi l i ty  
of an  imaging  system’s  elementary performance 

 
 
 

1  Scope 

Th is  document speci fies  requ i rements  and  methods  for period ic testing  of the  qual i ty of 
d iagnostic med ical  u l trasound  systems  wi th  l i near array,  cu rved  l i near array,  s ing le  e lement,  
annu lar array,  phased  array,  matrix l i near array transducers  and  two-d imensional  arrays.  
Image  in terpretation  and  measurement workstations  are  included .  Usual l y,  “period ic testing ”  i s  
referred  to  here  as  “qual i ty con trol ” .  Th is  document represents  a  m in imum  set of such  tests  
i n tended  for frequent users  of med ical  u l trasound  systems,  for qual i ty con trol  professionals  i n  
thei r organ ization ,  or those  h i red  from  other qual i ty-control  and /or service-provider 
organ izations.  System-manufacturing  and  repai r compan ies  m ight wel l  employ other or 
add i tional  tests.  The  tests  are  defined  i n  th ree  l evels,  wi th  the  simplest and  most cost-
effective  performed  most frequently,  s im i larl y to  [1 ] .  More  complete  tests  for acceptance  
testing  and  for assessment at times  of particu lar importance  or concern  are  speci fied  in  
I EC  61 391 -1 ,  I EC  61 391 -2  and  IEC  TS  62791  [1 5] .  These  more  complete  tests  are  
categorized  as  performance  evaluation ,  rather than  qual i ty con trol  or frequent period ic testing .  

Th is  document a lso  defines  terms  and  speci fies  methods  for measuring  (for qual i ty 
main tenance  or qual i ty control )  the  maximum relative  depth  of penetration  of real -time 
u l trasound  B-MODE  scanners,  though  th is  penetration  measure  i s  l i sted  as  l ess  frequently 
appl ied .   

Frequent d istance-measurement accuracy tests  are  recommended  on ly for certa in  classes  of 
posi tion  encod ing  that are  not now known  to  be  h igh ly stable  and  wi thou t b ias.  

The  types  of transducers  used  wi th  these  scanners  i nclude:   

•  mechan ical  probes;   

•  e l ectron ic phased  arrays;  

•  l i near arrays;   

•  cu rved  arrays;   

•  two-d imensional  arrays;  

•  th ree-d imensional  scann ing  probes  based  on  a  combination  of the  above  types.   

Transducers  not read i ly amenable  to  transducer-element testing  by the  s imple  image-
un i formi ty procedures  speci fied  (for example,  phased  array and  2D-array transducers)  are  
tested  on ly partia l l y by maximum  relative  depth  of penetration .  System  manufacturers  are  
encouraged  to  provide  pu lsing  patterns  of the  transducer e lements  to  a l l ow testing  of 
i nd ividual  e lements  or smal l -enough  groups  of e lements  to  enable  users  to  detect s i gn i fican t 
e lement fa i lu re  or to  provide  access  to  another implemented  and  expla ined  e lement-test 
program.  Ded icated  Doppler systems  are  excluded  from  coverage  here  as  special ized  
equ ipment i s  requ i red  to  test them.  Th is  test equ ipment can  be  speci fic to  the  i n tended  
appl ication  of the  Doppler system.   

Al l  scanners  considered  i nclude  basic pu lse-echo  techn iques.  The  fai l u res  to  be  detected  by 
the  recommended  pu lse-echo  tests  a lso  wi l l  affect the  operation  of other modes,  such  as  
colour-flow,  harmon ic-,  e l astici ty-  and  compound  imag ing .  The  test methodology i s  appl icable  
for transducers  operating  i n  the  1  MHz to  1 7  MHz frequency range  and  cou ld  be  made  
appl icable  up  to  40  MHz,  i f the  depth  of penetration  were  a l lowed  to  be  relati ve,  rather than  

Copyright International  Electrotechnical  Commission  



 –  8  – I EC  TS  62736:201 6  © IEC  201 6  

absolu te,  and  phan tom  stabi l i ty were  veri fied  [1 5] .  Image-un i formi ty QC  is  appl icable  to  
transducers  operating  i n  the  1  MHz to  40  MHz frequency range  as  the  requ i rements  for 
phantoms  are  not stringent.  

NOTE  Phan tom  manu factu rers  are  encouraged  to  extend  the  frequency range  to  wh i ch  phan toms  are  speci fi ed  to  
enab le  re l ati ve  depth -of-penetrati on  tests  of systems  operati ng  at  fundamen tal  and  harmon ic frequencies  above  
1 7  MHz.   

2  Normative references  

The  fol lowing  documents  are  referred  to  i n  the  text i n  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 ly the  ed i tion  
ci ted  appl ies.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( includ ing  
any amendments)  appl ies.   

IEC 60050-802,  International Electrotechnical Vocabulary – Part 802: Ultrasonics  (avai lable at 
<http://www.electropedia.org>) 

I EC  61 391 -1 ,  Ultrasonics – Pulse-echo scanners – Part 1 :  Techniques for calibrating spatial 
measurement systems and measurement of system point spread function response  

I EC  61 391 -2,  Ultrasonics – Pulse-echo scanners – Part 2:  Measurement of maximum depth  of 
penetration and local dynamic range  

3  Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g iven  i n  I EC  60050-802  and  the  
fol lowing  apply.  

I SO  and  I EC  main tain  terminolog ical  databases  for use  i n  standard ization  at the  fol lowing  
addresses:  

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

•  I SO  On l ine  browsing  platform:  avai lable  at h ttp: //www. iso.org/obp  

3.1   
addressable  patch  
smal lest addressable  g roup  of transducer e lements  

3.2   
echo from  weakly reflecting,  background  scatterers  
echoes  from  many smal l  targets  i n  wh ich  the  scattered  fie ld  i s  much  l ess  in tense  than  the  
i nciden t fie l d  

3.3   
maximum  depth  of penetration   
maximum  range  at  wh ich  the  ratio  of the  mean ,  d ig i ti zed ,  B-mode-image  data  correspond ing  
to  images  d isplaying  echoes  from  weakly reflecting ,  background  scatterers  to  the  mean ,  
d ig i ti zed ,  B-mode-image data  correspond ing  to  images  d isplaying  on ly e lectron ic noise  equals  
1 , 4 ,  when  the  echoes  from  weakly reflecting,  background  scatterers  are  generated  i n  a  
phan tom  wi th  properties  meeting  the  speci fications  of I EC  61 391 -2 .  

Note  1  to  en try:  The  maximum  depth  of penetration  i s  expressed  i n  metres  (m)  and  conven ti onal l y i n  
cen timetres  (cm).  
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3.4  
maximum  relative  depth  of penetration  
maximum  range  at  wh ich  the  ratio  of the  mean ,  d ig i ti zed ,  B-mode-image  data  correspond ing  
to  images  d isplaying  echoes  from  weakly reflecting ,  background  scatterers  to  the  mean ,  
d ig i ti zed ,  B-mode-image data  correspond ing  to  images  d isplaying  on ly e lectron ic noise  equals  
1 , 4 ,  when  the  echoes  from  weakly reflecting,  background  scatterers  are  generated  in  a  
phan tom  wi th  properties  meeting  speci fications  more  re laxed  than  those  of I EC  61 391 -2  

Note  1  to  en try:  The  ad j ecti ve  “ re l ati ve”  i s  u sed  because  the  phan tom  speci fi cati ons  defi ned  i n  th i s  documen t  are  
so  l oose  that measu rements  of the  “maximum  range”  wi th  d i fferen t phan toms  cannot  be  compared .  The  
measuremen ts  are  on l y for tests  of s tabi l i ty,  i . e .  compari sons  between  measuremen ts  on  the  same  phan tom  over 
time.   

Note  2  to  en try:  For avai l ab le  phan toms  and  speci fi cati ons  see  [1 6]  and  for a  poten ti a l  a l ternati ve  measure  of 
depth  of penetrati on  see  [1 7 ]   

Note  3  to  en try:  The  maximum  relative  depth  of penetration  i s  expressed  i n  metres  (m)  and  conventi onal l y i n  
cen timetres  (cm).  

3.5  
median  absolute  deviation  
MAD 
med ian  of the  absolu te  value of the deviations  from  the  med ian  of a  data  set 

Note  1  to  en try:  The  MAD  i s  s im i l ar to  the  standard  devi ati on  bu t,  as  the  med ian  of l i near devi ati ons  rather than  
squared  devi ati ons ,  i t  i s  more  res i l i en t  to  ou tl i ers  [1 8 ] .   

3.6   
performance  evaluation   
tests  performed  to  assess  speci fic absolu te  performance  of the  object tested   

Note  1  to  en try:  Typi ca l  times  for u l trasound  system  performance  eva luati on  are  at  pre-pu rchase  eval uati on ,  new 
and  repai red  system  acceptance  testi ng  [1 9] , [20 ] , [21 ] , [22 ] , [1 ]  a t  time  of performance  d i ffi cu l ti es,  and  end  of u sefu l  
l i fe  eval uati ons.  They are  recommended  for performance  i n  Level  3  QC  tests ,  though  that  i s  n ot  requ i red .  

3.7   
phantom 
device  designed  to  m imic some  aspects  of the  human  body for the  purposes  of testing  or 
tra in ing  

3.8   
specific  attenuation  coefficient  
attenuation  coefficien t d ivided  by the  frequency 

Note  1  to  en try:  The  speci fi c  attenuation  coeffici en t ,  expressed  i n  deci bel s  per cen timetre  per megahertz  
(dB  cm–1MHz-1 ) ,  makes  the  expl i ci t  assumpti on  of l i n ear dependence  of the  attenuati on  coeffici en t on  frequency.  

3.9   
qual i ty control  
QC  
regu larly performed  procedures  to  assure  consisten t performance  

Note  1  to  en try:  A more  descri pti ve  term  i s  qua l i ty mai n tenance;  q ua l i ty assu rance  i s  a l so  u sed .  

3.1 0   
equ ivalent sensi tivi ty 
sensi tivi ty that i s  statistical l y the  same or has  smal ler variance  and  bias  

4 General  recommendation  

The  manufacturer’s  speci fication  shou ld  a l low comparison  wi th  the  resu l ts  obtained  from  the  
tests  described  i n  th is  document.  
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5 Environmental  condi tions  

Al l  measurements  shou ld  be  performed  wi th in  the  fol l owing  ranges  of ambien t cond i tions:  

– temperature,  23  °C  ±  1 6  °C  for un i formi ty tests;  23  °C  ±  3  °C  for other measurements;  

– relati ve  humid i ty,  1 0  %  to  95  %;  45  %  to  75  %  for relati ve  depth  of penetration ;  

– atmospheric pressure,  66  kPa  to  1 06  kPa;  86  kPa  to  1 06  kPa  for relative  depth  of 
penetration .  

Properties  of u l trasound  phan toms,  such  as  speed  of sound ,  backscatter coefficien t and  
attenuation  coefficien t,  are  known  to  vary wi th  temperature.  The  speci fi cations  publ i shed  by 
the  phan tom  manufacturer shou ld  be  consu l ted  to  determine  whether the  expected  acoustic 
properties  are  main tained  under the  above  envi ronmental  cond i tions.  I f not,  the  envi ronmental  
cond i tions  over wh ich  expected  and  reproducible  resu l ts  can  be  obtained  from  the  phan tom  or 
test object shou ld  be  adopted  for tests.  

6 Qual i ty control  levels  

6.1  General  

These  l evels  are  based  on  the  time  requ i red  for performance  and  the  in terval  between  tests.  
Smal l  faci l i ties  wi th  a  s i ng le  u l trasound  system  migh t not be  expected  to  perform  Level  3  tests  
except for d istance-measurement variance  and  b ias  or when  problems  are  suspected  that are  
not rapid ly addressed  by a  service  cal l .  These  l evels  are  s imi lar to  those  recommended  by the  
European  Federation  of Societies  i n  U l trasound  i n  Med icine  and  B iology [1 ] .  

6.2  Level  1  tests  

Level  1  tests  are  short-duration  (approximately 5  m in)  checks,  to  be  performed  month ly by the  
u l trasound  system  users,  wh ich  requ i re  no  specia l  equ ipment,  on ly record  keeping .  They are  
s imple  to  perform  and  record  wi th  l im i ted  practice.  Al ternative  methods  of proven  and  at  l east 
equ ivalent sensitivi ty,  as  wel l  as  i n terpretabi l i ty to  end  users,  may be  employed .   
See  Table  1 .  

Table  1  – Outl ine  of Level  1  tests  

Test Evaluation  Possible  subsequent  actions  

I n specti on  for:  

Damage  to  transducer face  or 
housi ng  

Damage  to  cable  

S tabl e  wheel  moun ts  

Cl ean  a i r fi l ters  

Vi sual  Level  2  tests  or main tenance  
( immed iatel y or a t  i n terval  speci fi ed  
by the  manu factu rer)  

Image  un i form i ty Vi sual  wi th  cl ean  transducer face  
he l d  i n  a i r 

Level  2  tests  or main tenance  

Mon i tor fu ncti on  Vi sual  Level  3  tests ,  ad j ustmen ts  or 
ma i n tenance  

Hard  copy and  image  s torage  
functi on  

Vi sual  Ad j ustmen ts  or main tenance  

Performance  i n  cl i n i ca l  use  Ask users  whether any changes  i n  
or i nsu ffi ci encies  i n  the  system  
performance  have  been  observed .  
Record  and  i nvesti gate  any 
observati ons  men tioned  by u sers  or 
i n terpreters  

Level  2  or 3  tests ,  ad j ustments  or 
ma i n tenance  
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Wh i le  both  Level  1  and  Level  2  tests  are  s imple,  i t  may be  helpfu l  to  have  a  qual i ty con trol  
professional ,  such  as  a  med ical  physicist  or hospi ta l  eng ineer,  i nvolved ,  to  assure  in i ti ation  of 
the  tests  and  adequate  record  main tenance  over an  extended  period  of time.   

6.3  Level  2  tests   

Level  2  tests  are  performed  every s ix months  by users  or QC professionals.  They are  s imply 
Level  1  tests  p lus  a  more  sensi ti ve  version  of the  image-un i formi ty test and  any other tests  
i nd icated  for specia l  cond i tions  such  as  mechan ical l y scanned  transducers.  Th is  more  
sensi ti ve  image-un i formi ty test i s  performed  wi th  a  phan tom  and  averag ing  of a  cine  loop.  See  
Clause  9.  Al ternative  methods  of proven  and  at l east equivalent sensi tivi ty  and  
i n terpretabi l i ty to  end  users  may be  employed .   

6.4 Level  3  tests  

Level  3  tests  are  performed  by QC professionals  every two  years.  They are  designed  to  
detect or veri fy defects  that are  l ess  frequent than  those  detected  by the  image-un i formi ty test  
and  they requ i re  more  special ized ,  stable  phan toms.  These  tests  i nclude  as  a  m in imum:  
Levels  1  and  2  tests,  p lus  measurement of maximum  relative  depth  of penetration ,  and  
system-  and  i n terpretation -image  d isplays.  D istance-measurement variance  and  b ias  tests  are  
requ i red  in i tia l l y on  some systems  and  regu larly on  others.  See Table  2  and  Clause  1 0 .  The  
maximum relative  depth  of penetration  and  optional  measures  are  recommended  to  be  
absolu te,  as  i n  performance  evaluations ,  to  a l l ow comparison  wi th  resu l ts  from  other s i tes,  
bu t th is  i s  not requ i red .  These  measures  shou ld  be  sel f-consisten t to  detect changes  i n  the  
u l trasound  systems  tested  over many years.  Acceptance  tests  and  other fu l l -performance 
evaluations  are  part of complete  qual i ty con trol  bu t are  treated  separately because  they are  
covered  by other standards  a l ready described .  Several  Level  3  procedures  are  speci fied  by 
reference.  I n  l arge  med ical  systems wi th  many inexpensive  u l trasound  systems,  Level  3  and  
even  Level  2  tests  on  a l l  scanners  m igh t be  hard  to  j usti fy.  I n  these  s i tuations,  rapid  
replacement fol l owed  by repai r or recycl ing  i n  response  to  concerns  from  Level  1  tests  m igh t 
be  appropriate,  wi th  Level  3  tests  of perhaps  1 0  or 20  of the  un i ts  every other year.  I n  smal l ,  
possibly i solated ,  practices,  Level  1  tests  shou ld  be  performed  and  every effort made  to  
obtain  Levels  2  and  3  qual i ty con trol  and  correction  of mal functions.  

Table  2  – Outl ine  of Level  3  tests  add itional  to  those  in  Table  1   

Test  Evaluation  Possible  subsequent actions  

maximum  relati ve  depth  of 
penetration   

See  1 0 . 2 ;  Preferab l y absol u te  as  i n  
I EC  61 391 -2 : 201 0 ,  7 . 1  

Ad j ustmen t or mai n tenance  

System-  and  i n terpretati on - image  
d i sp lays  

Tests  l i s ted  here  Ad j ustmen t or mai n tenance  

D i stance-measuremen t and  b i as  See  1 0 . 4  and  I EC  61 391 -1 : 2006,  7 . 4  Ad j ustmen t or mai n tenance  

Con trast-deta i l  d etectabi l i ty 
(opti onal )  

I EC  TS  61 390: 1 996,  6 . 3 . 2 . 3  [23]  Ad j ustmen t or ma in tenance  

Spati a l  resol u tion  (opti onal )  I EC  TS  62791  [1 5]  or,  i n  l a teral ,  axia l  
and  e l evati onal  d i recti ons ,  I EC  TS  
61 390: 1 996,  3 . 1 2 ,  6 . 3 . 2  [23] ,  or,  i n  
l a teral  and  e l evati onal  d i recti ons  
combined ,  I EC  TS  62558  [24 ] .  

Ad j ustmen t or mai n tenance  

Eval uati on  of QC  prog ram  Assess the QC program,  check that 
appropriate actions are taken to correct 
problems,  identify areas where QC 
testing  may be improved.   

Ad j ustmen t of procedures  

 

I n  l arge  hospi ta ls  and  cl in ics  wi th  many inexpensive,  as  wel l  as  h igh  end ,  u l trasound  systems,  
Level  3  and  even  Level  2  tests  on  a l l  scanners  m igh t be  hard  to  j usti fy.  I n  these  s i tuations,  
rapid  replacement fo l l owed  by repai r or recycl ing  i n  response  to  concerns  from  Level  1  tests  
m ight be  appropriate,  wi th  Level  3  tests  of perhaps  1 0  or 20  of the  un i ts  every other year.  I n  
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smal l ,  possib ly i solated ,  practices,  Level  1  tests  shou ld  be  performed  and  every effort made  to  
obtain  Levels  2  and  3  qual i ty con trol  and  correction  of mal functions.  

7  Equ ipment and  data requ ired   

7.1  General  

The  test procedures  described  i n  th is  document shou ld  be  carried  ou t us ing  ti ssue-mimicking  
phan toms  and  e lectron ic test equ ipment,  together wi th  d ig i ta l - image  data  acqu i red  from  the  
u l trasound  scanner.  

7.2  Phantoms 

7.2 .1  Phantoms  for Level  2  and/or Level  3  qual i ty control  

See Annex A for example  geometries  of a  phan tom  for both  image-un i formi ty and  maximum  
relative  depth  of penetration  testing  (F igure  A. 1 )  and  a  more  compact and  l ess  expensive  
phantom  for image-un i formi ty testing  on ly (F igure  A.2).  F igure  A.3  shows a  phan tom  for 
assessing  a l l  th ree  parameters,  namely un i formi ty,  maximum relative  depth  of penetration ,  
and  d istance-measurement variance  and  b ias.  Su i table  phan toms  for these  tests  can  be  
constructed  using ,  for example,  water-based  gels,  open-pore  sponges  or u rethane  rubbers  
having  m icroscopic i nhomogenei ties  that are  un i formly d istribu ted  throughou t,  to  produce  the  
desi red  attenuation  l evel  [1 9] , [25] , [26] , [27] , [28] , [29] , [30] .  Phan toms  wi thou t other backscatter 
generators  requ i re  particles,  such  as  40-micrometre-d iameter g lass  beads  to  provide  
backscattered  s ignals  at a  con trol led  ampl i tude  [31 ] , [32] .  Several  manufacturers 1 )  can  
produce  ti ssue-mimicking  materials  and  phan toms  that comply wi th  the  fol lowing  
speci fications  i n  7 . 2 . 2  and  7 . 2 .3 .  

7.2.2  Phantoms  for Level  2  qual i ty control  on ly 

These  speci fications  shou ld  be  met i n  the  1  MHz to  1 7  MHz frequency range  except as  noted .  
More  stringen t requ i rements  are  l i sted  in  7 . 2 . 2  for Level  3  tests  other than  image  un i formi ty:   

Speed  of sound :   (1  500  ±  1 00)  m  s–1  a t 3  MHz for image  un i formi ty 
testing  on ly.  

 Speed  of sound  for d istance  measurement shal l  meet 
speci fications  for Level  3  tests,  below.  

Densi ty:  (1 , 00  ±  0 , 3)  g  cm−3  

Specific  attenuation  coefficient:  (0 , 3  to  0 , 9)  dB  cm–1MHz–1  or 

 (1 , 4  ±  0 , 4)  dB  cm–1MHz–1  for a  compact image-
un i formi ty phan tom.  The  h igh  value  min imizes  
reverberation  arti facts.  

Backscatter coefficien t:   (3  ×  1 0–4  cm–1 sr–1 )  ±  1 0  dB  relati ve  to  that number at 
3  MHz wi th  dependence  on  “frequency to  the  n”  (f 

n) ,  
where  1  ≤  n  <  4  from  1  MHz to  1 7  MHz for a  
combination  image-un i formi ty and  relative-depth-of-
penetration  phan tom.  

Scann ing  surface:   The  scann ing  surface  shou ld  a l l ow acoustic con tact of 
the  enti re  active  area  of the  transducer wi th  the  
phan tom.  

___________ 

1 )   These  i ncl ude,  for example,  ATS  Labs;  Bri dgeport,  CT,  USA (www.ats l abs. com);  CIRS,  Norfol k,  VA,  USA 
(www. ci rs i nc. com);  Gammex/RM I ,  M i dd l eton ,  WI ,  USA (www. gammex. com),  and  Kyoto Kagaku Co. ,  Ltd,  Kyoto,  
Japan (http: //www.kyotokagaku.com).  Th i s  i n formation  i s  g i ven  for the  conven ience  of users  of th i s  documen t and  
does  not  consti tu te  an  endorsemen t by I EC  of these  products .  
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D imensions:   The  phantom  shou ld  provide  a  un i formly scattering  
and  attenuating  fi e ld  that extends  to  a  depth  of at 
l east 6  cm.  

7.2.3  Phantoms  for both  Level  2  and  Level  3  qual i ty control  

“Maximum relative  depth  of penetration ”  i s  used  here,  rather than  “maximum depth  of 
penetration ” ,  as  defined  i n  the  referenced  standard  ( I EC 61 391 -2),  because  more  expensive  
and  perhaps  l ess  robust test objects,  wh ich  are  requ i red  for the  absolu te  measurements  
defined  i n  that standard ,  are  not absolu tely requ i red  for qual i ty con trol .  However,  absolu te  
measures  are  recommended ,  us ing  phan toms  defined  i n  I EC  61 391 -2  to  a l low comparison  of 
a  user’s  curren t system  performance wi th  publ i shed  values  and  those  values  obtained  i n  that 
user’s  own  system  wi th  other phantoms.  The  ti ssue-mimicking  materia l  shou ld  have  the  
fol lowing  properties,  s im i lar to  those  speci fied  i n  I EC  61 391 -2  except that a  phantom’s  
acoustic-properties  requ i rements,  though  not i ts  stabi l i ty requ i rements,  are  relaxed  here  for 
faci l i ties  us ing  the  same  phantom  for a  l ong  period  of qual i ty-control  testing ,  or a  series  of 
phan toms  having  consisten t properties.   

Phan tom  material  requ i rements  for Level  3  QC over 1  MHz to  1 7  MHz are:  

Speed  of sound  (SOS):  (1  540  ±  20)  m  s–1 ,  to  avoid  substan tia l  compl ications.   

When  speed  of sound  i n  the  phan tom  is  not as  assumed  by the  u l trasound  system,  the  
focus  wi l l  be  d isplaced  and  degraded .  These  are  m inor effects  i n  the  consistency checks  
of qual i ty con trol .  However,  speed  of sound  i s  of g reat concern  in  checking  for d istance  
measurement error un less  that has  been  tested  carefu l l y i n  Level  3  performance  tests  and  
consistency tracked  carefu l l y i n  qual i ty con trol .  When  fi l aments  are  included  wi th  
appropriate  spacing  to  s imu late  1  540  m  s–1  SOS  for each  of the  scan  geometries  
avai lable  on  the  u l trasound  system,  then  (1  500  ±  80)  m  s–1  a t  3  MHz i s  to lerable.  Th is  
l atter extreme flexib i l i ty i s  a l l owed  wi th  g reat warn ings  because  of the  conven ience  and  
l ongevi ty of u rethane  rubber phan toms  at,  typical l y,  1  450  m  s–1 .  However,  for the  majori ty 
of u l trasound  systems,  those  that assume  1  540  m  s–1  propagation  speed ,  d i fferent g roups  
of fi l aments  are  requ i red ,  carefu l l y spaced  for thei r depth  i n  the  phan tom  to  g ive  unbiased  
d istance  measurements  for phased  arrays  and  l i near arrays.  F i l ament placement on  an  
angu lar arc speci fical l y matched  to  the  curvature  and  p lacement of curved  l i near arrays  or 
to  the  placement of phased  arrays  i s  necessary.  Wi th  any deviation  of mach ine-assumed  
SOS  from  the  phan tom  SOS,  deviation  of the  assumed  ang le  or l ocation  of view of the  
fi l aments,  or i n  assumed  curvature  of the  l i near array wi l l  cause  errors  i n  l ateral  d istance  
measurements 2) .  I n  other words,  i t  i s  impossib le  for a  s ing le  set of fi l aments  to  provide  
correct l ateral  d istance  measurements  for d i fferent curved  l i near-array cu rvatures  or for 
cu rved  arrays  and  l i near arrays.  These  l ateral /azimuthal  and  axia l  d i stance  measurement 
problems  are  not encountered  for the  i ncreasing  number of u l trasound  systems  that have  
an  ad justment for speed  of sound  that can  be  set to  that of the  phantom  when  the  
fi l aments  or other targets  are  placed  at  thei r expected  d istances.  I t  i s  best to  have  the  
l ateral  d istance  fi l aments  on  arcs  wi th  rad i i  of curvature  that match  those  of the  arrays  for 
wh ich  they are  designed .  Users  shou ld  be  i nstructed  to  use  a  fi l ament group  wi th  
cu rvature  close  to  that (wi th in  a  certa in  to lerance)  of the  transducer,  as  can  be  seen  easi l y 
on  the  image  of the  fi laments.  

Phantom  stabi l i ty:   

Speci fications  shou ld  be  met for a  period  of at  l east 5  years,  warran ted  for that period  by 
the  phantom’s  manufacturer.  The  warran ty can  i nclude  the  expectation  of regeneration ,  for 
example,  via  replacement of solu tion  l ost to  desiccation ,  i f procedures  and  costs  are  
speci fied .  A method  of testing  for stabi l i ty of the  phantom  wi th in  speci fications  shou ld  be  
provided .  I n  many cases,  a  manufacturer’s  l abel l i ng  of the  mass  of the  phantom  and  time  
i n terval  at wh ich  weigh t shou ld  be  tested  can  meet th is  need .  When  a  phan tom  i s  starting  
to  desiccate,  as  water-based  phan toms  do,  or otherwise  decay,  transi tion  of existing  QC  

___________ 

2)   Lateral  i s  referred  to  as  azimu thal  wi th  phased  arrays.  
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data  to  that wi th  a  new phantom  is  possible,  i f the  two  phantoms  have  consisten t acoustic 
properties.  I f such  a  transi tion  i s  attempted ,  note  clearly the  time  of the  change.   

Densi ty:  (1 , 00  ±  0 , 1 1 )  g  cm−3  s table  to  wi th in  ±  0 , 02  g  cm−3   

Specific  attenuation  coefficient:  (0, 7  +  0 , 2  /  – 0 , 05)  dB  cm–1MHz–1  i n  the  1  MHz to  
1 7  MHz frequency range   

Backscatter coefficien t:   (3  ×  1 0–4  cm–1 sr–1 )  ±  1 0  dB  re lative  to  th is  number 
at  3  MHz wi th  dependence  on  “ frequency to  the  n”  
(f 

n) ,  where  1  ≤  n  <  4  from  1  MHz to  1 7  MHz for a  
combination  image-un i formi ty and  relati ve-depth -of-
penetration  phan tom.   

 The  value  of the  backscatter coefficien t of the  
phantom  shou ld  be  reported  as  a  function  of 
frequency,  together wi th  the  resu l ts  obtained  wi th  
the  phan tom.  

Scann ing  surface:   The  scann ing  surface  shou ld  a l low acoustic contact 
of the  en ti re  active  area  of the  transducer wi th  the  
phan tom.  A wel l  to  contain  a  th in  l ayer of water to  
ease  acoustic coupl ing  i s  conven ien t.  

D imensions:   The  useable  phan tom  depth  shou ld  be  at l east 
22  cm  for testing  maximum  relati ve  depth  of 
penetration  at l ow frequencies  (2 , 5  MHz to  5  MHz).  
The  lateral  and  e levational  d imensions  shou ld  be  
such  that there  i s  at l east a  6  cm  wide  by 6  cm  th ick 
reg ion  of un i form  tissue-mimicking  material  at 
d istances  correspond ing  to  the  maximum  relative  
depth  of penetration  for the  scanner and  
transducer under study.  Larger cross-sections  may 
be  requ i red  to  provide  a  un i form  reg ion  when  testi ng  
3D  scann ing  systems.   

Target posi tion  error:   F i lament or other spatia l  measurement targets  
shou ld  be  l ocated  and  stable  i n  each  test object to  
wi th in  0 , 1  mm  of the  speci fied  l ocation .  See  
I EC  61 391 -1 : 2006.  

7.3  Image data  

7.3.1  Dig i tal -image  data  

Level  3  test cri teria  described  i n  th is  document,  particu larl y maximum  relative  depth  of 
penetration ,  are  best appl ied  to  d ig i ta l - image  data  derived  from  the  u l trasound  scanner being  
evaluated .  Th is  requ i res  knowledge  of image-pixel  brigh tness  (grey)  l evels  for a l l  spatia l  
l ocations  i n  the  image.  D ig i tized  image  data  typical l y are  i n  a  matrix consisting  of at l east 
300  ×  300  p ixels  and  at  8  b i ts  (255  levels)  of grey-scale  resolu tion .  Avai labi l i ty of and  
down load ing  of image  data  wi th  the  maximum  resolu ti on  computed  i n  the  system  is  
recommended .  For more  detai led  performance  evaluation ,  particu larly for premium  and  m id -
level  mach ines,  RF  or IQ  data  are  desi red  by many users.  As  described  i n  Annex B ,  software  
i s  offered  commercia l l y and  free  that i s  purported  to  s impl i fy acqu isi tion  of these  data,  thei r 
record ing ,  storage  and  immed iate  and  l ong-term  analysis.   

Scanners  for wh ich  th is  document appl ies  may be  g rouped  accord ing  to  the  source  of the  
d ig i ta l - image  data.  The  fi rst g roup  i ncludes  systems for wh ich  d ig i ta l - image  data  are  d i rectl y 
avai lable  from  the  scanner or over an  image-transfer network.  Sources  of d ig i ta l - image  data  
from  th is  g roup  i nclude  the  fol l owing :  

a)  D i rect D ICOM  [33]  – images  from  the  scanner.  
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Image  data  i n  a  D ICOM-format are  avai lable  on  most scanners.  Software  capable  of 
transferring  and  open ing  D ICOM-formatted  images  i s  avai lable  at no  cost 
[h ttp: //rsbweb.n ih . gov/i j /]. 3)  

b )  Other d i g i tal - image  fi les  avai lable  from  the  scanner i tsel f,  l ossless  i f avai lable.  

Th is  method  i s  used  by most scanner manufacturers  for i n -house  qual i ty-control  testing  
and  image-processing  development.  Many fi l e  types  are  acceptable  for QC work as  l ong  
as  adequate  resolu tion  i s  main tained .  Capabi l i ties  often  exist  to  extend  the  method  for use  
by cl i n ical  personnel  us ing ,  for example,  fi l e-transfer-protocol  (ftp)  resources.  
Al ternatively,  many scanners  provide  image fi les  on  removable  med ia,  such  as  USB-thumb 
d rives,  magneto-optical  d i sks,  zip  d isks,  or CD-ROM,  and  these  are  appropriate  sources  of 
d ig i ta l - image  data  as  wel l .  Fu l l -screen  capture  i s  avai lable  on  many systems,  sometimes  
by storing  a  s ing le  image rather than  a  cine  l oop.  

The  second  group  of scanners  i ncludes  those  s impler devices  that do  not provide  d ig i tized  
image  data  d i rectly bu t provide  standard  video  s ignals,  i . e .  image  data  that can  be  captured  
i n to  a  computer and  then  analysed .  For these,  i ncreasing ly rare,  scanners,  a  video-frame 
g rabber may be  used  to  acqu i re  d ig i ta l - image  data.  The  video-signal  g rabbing  has  to  be  
provided  under stable  cond i tions  to  m in imize  s ignal  d istortions.  Speci fic care  and  atten tion  
has  to  be  taken  for the  fol lowing  aspects.  

•  The  i npu t dynamic range  of the  video-frame grabber shou ld  be  ad justed  to  accommodate  
the  maximum  s ignal  ampl i tude  of the  video  ou tpu t.   

•  The  d ig i ti zing  ampl i tude  resolu tion  (g iven  by the  p ixel -byte  s ize)  shal l  be  better than  that 
of the  grey-scale  resolu tion  of the  video-ou tpu t s ignal .  A m in imum  of 8  b i ts  or 256  g rey 
l evels  i s  necessary.  

•  Conversion-function  l i neari ty has  to  be  assured .  

•  The  d isplay spatial  resolu tion  (g iven  by the  pixel  s ize)  of the  d ig i ta l  p icture  shal l  be  at  
l east as  good  as  orig inal  video  l i ne  densi ty of the  image.   

•  The  video-capture  frame rate  of the  vi deo-frame  g rabber shal l  be  h igh  enough  to  a l l ow 
acqu isi tion  of data  to  keep  up  wi th  i npu t data  rates,  i f the  imaged  fie ld  i s  moved .  Keep  in  
m ind  the  d i fference  between  scann ing  frame rate  and  ou tpu t vi deo  frame  rate.  

•  A cable  matched  for i npu t/ou tpu t impedance  has  to  be  used  to  avoid  reflections  i n  the  l i ne.  

•  I mage  test patterns  are  requ i red  for scanner d isplay testi ng .  

I n  worst-case  s i tuations  the  u l trasound  system’s  d isplay screen  can  be  photographed  under 
l ow l i gh t cond i tions  and  wi th  repeatable  photograph ic setti ngs  and  fie ld  of view,  bu t th is  i s  
more  d i fficu l t  to  con trol  quan ti tati vely.   

7.3.2  Image-arch iving  systems 

Many imag ing  cen tres  use  commercia l l y avai lable  Picture  Arch iving  and  Communication  
Systems  (PACS)  for viewing  and  storing  u l trasound-image  data.  Manufacturers  of PACS  
systems  usual ly provide  means  to  acqu i re  images  i n  a  m in imal l y compressed  ' ti ff'  (Tagged  
Image  F i le  Format),  or an  uncompressed  format,  such  as  a  raw or a  D ICOM-format,  to  work 
stations  that have  access  righ ts  to  the  image  data.  

C l i ps  are  sometimes  on ly sen t from  the  u l trasound  scanner i n  compressed  format.  Those  cl ips  
can  be  sen t wi th  compression  m in imized  and  el im inated ,  i f possib le.  Or,  as  l ong  as  
compression  ratio/qual i ty factor i s  kept constan t over time,  usefu l  QC measurements  can  be  
made from  compressed  cl i ps,  as  l ong  as  a l l  system  settings  affecting  the  measures  such  as  
gain ,  ou tpu t,  focal  zones,  are  kept constan t.  I t  i s  s trong ly recommended  that a l l  such  settings  
be  main tained  consisten tl y through  a l l  QC-testing  between  the  same  and  s im i lar systems 
through  use  of QC-presets.  

___________ 

3)   Th i s  i n formati on  i s  g i ven  for the  conven ience  of u sers  of th i s  documen t and  does  not  consti tu te  an  endorsemen t 
by I EC  of th i s  product.  
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I n  worst case  s i tuations  the  u l trasound  system’s  d isplay screen  can  be  photographed  under 
l ow l i gh t cond i tions  and  wi th  repeatable  photograph ic setti ngs  and  fie ld  of view,  bu t th is  i s  
more  d i fficu l t  to  con trol  quan ti tati vely.  

7.4 Expectations  of system suppl iers  

With  some arrays,  such  as  phased  arrays  and  most 2D  arrays,  cl i n ical  imag ing  systems  never 
form  transmi t-  or receive-beam  apertu res  of a  very smal l  number (N ≈ 1  to  1 0)  of sequential  
e lements.  Thus  the  loss  of one  or a  few e lements  wi l l  never show up  in  a  un i form  phantom  as  
a  substan tia l  l oss  of s ignal  i n  N of the  scan  l i nes.  Th is  beam  formation  and  scann ing  wi th  
smal l  numbers  of e lements  i s  usual l y done  i n  near-fie ld  focal  zones  of l i near and  curved-l inear 
arrays.  Avai l abi l i ty of th i s  test sequence  shou ld  be  described  clearly and  prominen tly (for 
example,  i n  the  i ndex and  table  of con tents)  i n  the  operator’s  manual  or i n  a  wel l -publ icized  
supplement thereto.  The  sequence  shou ld  a l l ow testing  of each  transducer e lement or the  
smal l  numbers  of e lements  selected  for transmi t and  receive  apertures.  I deal ly,  i f 5  ad jacent 
e lements  are  combined  i n  the  l ateral  d i rection  for transmi t and  receive,  the  next aperture  
shou ld  d rop  one  e lement on  one  end  and  add  another on  the  other end  of the  apertu re,  and  
so  on .  The  number of e lements  i n  each  transmi t aperture  and  each  receive  aperture  of th is  
sequence  and  thei r sequencing  shou ld  be  speci fied  i n  the  documentation .  For 2D  arrays  and  
other arrays  where  beam  formation  and  scann ing  wi th  a  smal l  number of e lements  i s  not done  
cl i n ical l y,  at l east for short depths,  a  test sequence  shou ld  be  provided  to  a l l ow the  s imple  
QC-tests  of a l l  addressable  patches ,  or smal l  g roups  of  addressable  patches  of transducer 
e lements  and  channels,  as  provided  i n  th is  document.  Smal l  g rouping  of  addressable  
patches  may be  reported  to  enable  some d isgu ise  of proprietary transducer addressing  
methods.  A better a l ternative  i s  a  l i st  of necessary statistics  on  patch  responses  that shou ld  
be  agreed  upon  by user groups  and  the  system  suppl ier and  reported .  Th is  shou ld  i nclude  
l ocations  of ou tl iers,  wi thou t necessari l y g iving  a  total  number or s ize  of patches.  

Manufacturer-provided  e lectrical  tests  for wh ich  there  are  strong  data  showing  a  good  
correlation  wi th  these  QC-measures  and  wh ich  provide  a  mapping  and  summary of e lement 
performance  may be  employed  by the  user.  However,  the  QC-tests  described  i n  th is  
document shou ld  be  performed  at l east twice  a  year to  veri fy that the  provided  tests  are  
adequately sensi ti ve.   

Manufacturers  shou ld  provide  system  d isplay test patterns  necessary for the  d isplay testing  
described  i n  1 0 .3  and  wi th in  the  time  frames  speci fied  there.  These  patterns  shou ld  be  easi l y 
accessible  and  employed  by the  end  user.  The  capabi l i ty for cal ibrating  the  system  d isplay to  
the  D ICOM  grey-scale  standard  d isplay function  shou ld  a l so  be  provided  [33] .  Optimal  d i splay 
cal ibration  i s  appropriate  and  importan t for the  u l trasound-scanner d isplay s ince,  i n  practice,  
th is  d i splay i s  used  for d iagnostic i n terpretation .  

For compl iance  wi th  th is  document,  manufacturers  shou ld  provide  a  description  of how to  
recover presets  (reference  settings  wi th  compl icated  sets  of parameters),  s ince  such  settings  
are  affected  by software  updates.  They shou ld  provide  a  capabi l i ty to  rapid ly  recover such  
settings.  

8  Level  1  test methods  

See  6 . 2  and  [1 ]  for add i tional  i n formation  on  those  tests  wh ich  shou ld  be  performed  and  
resu l ts  recorded  at  l east month ly.  I nspect a l l  equ ipment,  i nclud ing  scanner,  mon i tor,  
transducers,  and  scan  table,  to  make  sure  al l  mechan ical  components  are  fu l l y i n tact,  and  a l l  
mechan ical  systems  are  functional .  Pay particu lar atten tion  to  power cables,  wheels  
supporti ng  the  system,  a i r fi l ters,  and  transducers.  Check the  transducer face  for l ens  damage  
and  delamination ,  casing  for cracks  as  a  potentia l  shock hazard ,  and  cable  i nsu lation  and  
g rommets  for wear.  Ad just settings  at  the  most reproducible  posi tions  consisten t wi th  
obtain ing  the  necessary images.   

The  image-un i formi ty test i s  a  vi sual  assessment l ooking  for vertical  stripes  or other abnormal  
band ing  i n  the  images,  s im i lar to  those  described  i n  detai l  i n  the  Level  2  test.  Clear the  
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transducer face  of any gel  or other materia ls.  Ad just settings  as  i n  the  Level  2  tests,  except 
i ncrease  the  gain  such  that e lectron ic noise  can  be  barely seen ,  i f possible .  Most 
e lement/channel  defects  of serious,  immed iate  cl i n ical  s ign i ficance  wi l l  be  detected  vi sual ly.  
I f the  gain  cannot be  i ncreased  enough  to  show e lectron ic noise  i n  usual  settings,  i t  may be  
possible  to  do  so  i n  eng ineering /service  settings.   

I n  the  hard  copy and  image  storage,  veri fy that the  images  presented  to  i n terpreting  and  
referring  physicians  show essentia l l y the  same  features  as  on  the  u l trasound  system  d isplay 
and ,  that the  u l trasound  system  d isplay shows  what i s  seen  on  the  i n terpretation  copy.  

These  resu l ts/observations  shou ld  be  recorded  in  a  QC-record  book in  paper or d ig i ta l  form  
and  shou ld  be  acted  upon  i n  a  timely manner.  

9  Level  2  measurement methods  

9.1  Mechanical  inspection  

As in  Level  1 ,  i nspect a l l  equ ipment,  i nclud ing  scanner,  mon i tor,  transducers,  and  scan  table,  
to  make  sure  a l l  mechan ical  components  are  fu l l y i n tact,  and  a l l  mechan ical  systems are  
functional .  Pay particu lar atten tion  to  power cables,  wheels  supporting  the  system,  a i r fi l ters,  
and  transducers.  Check the  transducer face  for l ens  damage  and  delamination ,  casing  for 
cracks  as  a  potentia l  shock hazard ,  and  cable  i nsu lation  and  grommets  for wear.  

9.2  Image un iformi ty for transducer element and  channel  in tegri ty 

9.2 .1  General  

The  image-un i formi ty test i s  primari l y a  test of i neffective  transducer e lements  or thei r s ignal  
channels.  Measurement resu l ts  wi l l  depend  on  the  system  transducer,  frequency,  and  the  
operating  cond i tions  and  mode.  These  shal l  be  speci fied  and  repeated  for consisten t QC-  
measurements  that can  be  repeated  for detection  of change  as  wel l  as  detection  of 
unacceptable  image  un i formi ty.  

9.2.2  Apparatus  scann ing  procedures  and  system  settings   

These  tests  are  designed  for use  i n  pu lse-echo  imag ing  mode,  bu t m ight be  adapted  to  
Doppler and  other modes  when  desi red  or needed  for possible  i ncreased  sensi ti vi ty.  U ti l i ze  a  
phan tom  that meets  e i ther of the  sets  of speci fications  i n  7 . 2 .  P lace  the  transducer i n  a  l i qu id -
fi l led  wel l  or employ a  coupl ing  gel  or l otion .  Al l  arrays,  i nclud ing  convex arrays  shou ld  
con tact the  phan tom  over the  en ti re  emi tting  su rface.  When  th is  i s  not possible  for a  l arge  
convex array,  the  tests  may be  performed  wi th  more  d i ffi cu l ty us ing  mu l tip le  views  that 
together cover the  en ti re  emi tting  su rface.  For tests  other than  e levational -d istance  
measurements,  a  3D/4D-mode  capable  probe,  compris ing  a  2D  array or a  mechan ical l y 
scann ing  l i near array can  be  operated  i n  2D-mode  wi th  the  convex array or l i near array fixed  
i n  posi tion .  Thus,  i t  can  be  assessed  as  a  l i near or convex array.  Speci fic settings  for other 
tests  such  as  maximum  depth  of imag ing  tests  are  provided  in  1 0 . 2 . 2 .  

•  Set the  imag ing  to  the  shortest focal  zone  possible,  wi th  no  spatia l  compound ing .  

•  Set the  d isplayed  dynamic range  to  a  re lati vely l ow value;  ~50  dB  i s  recommended  to  
maxim ize  the  image  contrast,  making  arti facts  more  conspicuous.  

•  Set image  depth  to  the  smal lest value  that sti l l  shows  the  en ti re  transducer face.  Th is  can  
resu l t i n  smal ler transmi t  and  receive  apertures  and  smal ler image  pixel  s ize.  

•  Overlapping  of annotations  on  the  image  shal l  be  avoided .  

•  Set ou tpu t power at the  maximum,  i f possible  wi thou t saturating  image  p ixels,  and  
i ncrease  gain  to  maxim ize  s ignal  l evel  near zero  depth ,  wh i le  avoid ing  saturation  near the  
maximum  pixel  va lues.  
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•  D isable  the  speckle  reduction  and  any arti fact-removal  (particu larly shadow-removal )  
a lgori thms,  i f possible.  

•  Except as  otherwise  noted ,  settings,  such  as  frequency,  shou ld  be  i n  typical  posi tions  that 
are  used  cl i n ical l y,  preferably at the  preset (defau l t)  settings  presented  by the  system  for 
the  most common  appl ication  and  body habi tus  for that system  and  the  transducer under 
test.  Al l  of the  values  for these  settings  shou ld  be  recorded .  

•  Wh i le  the  choice  of the  particu lar g rey-scale  characteristic cu rve  i s  not very important for 
these  tests,  the  setti ng  shal l  be  reproducible.  I f possib le,  wi thou t having  to  measure  the  
characteristic curve  as  detai led  i n  I EC  62563-1  [34]  and  [35] ,  the  grey-scale  characteristic 
d isplay cu rve  shou ld  be  set to  the  one  wh ich  has  the  most pu rely l ogari thmic compression ,  
a  straigh t l i ne  i n  image-pixel  va lue  as  a  function  of l ogari thmic received  s ignal  l evel ,  wi th  a  
50  dB  d isplayed  dynamic range.  I f these  settings  are  not avai lable,  characteristic curve  
choice  and  dynamic range  settings  a lways  shou ld  be  set the  same.  

•  Obtain  help,  i f necessary,  on  fi nd ing  these  and  other setti ngs  affecting  QC-resu l ts  and  
record  them,  so  that they can  be  reset,  i f another operator has  changed  them.  

•  Al l  setti ngs  shou ld  be  recorded  and  stored  i n  QC-un i formi ty-  and  penetration-test preset 
fi l es  to  make  reproducible  tests  practical  wi th  the  more  complex settings.  Many of the  
settings  are  recorded  when  on ly a  s ing le  image,  as  opposed  to  a  ci ne  loop,  i s  stored .  

•  TGC shou ld  be  set to  the  most usefu l  and  then  reproducible  settings  possib le.  Most usefu l  
i s  for un i form  brigh tness  wi th  depth .  Often  “most reproducible”  i s  fl at  TGC at e i ther 
extreme  of maximum,  m in imum  or m idd le  gain .   

•  Phased-  and  2D-arrays  requ i re  specia l  imag ing  sequences  from  the  system  manufacturer 
as  speci fied  i n  7 . 4 .  Wi th  those  arrays,  employ the  system  test sequence  provided  by the  
system  suppl ier,  fo l lowing  any special  d i rections  provided .  

•  Al l  settings  shou ld  be  recorded  and  stored  i n  QC-un i formi ty-  and  penetration-test preset 
fi l es  to  make  reproducible  tests  practical  wi th  the  more  complex settings.  Many of the  
settings  are  recorded  when  on ly a  s ing le  image,  as  opposed  to  a  ci ne  l oop,  i s  stored .   

•  S i gnal  processing  settings,  such  as  logari thmic compression ,  speckle  reduction ,  and  other 
pre-processing  functions,  as  wel l  as  image-d isplay settings,  such  as  post-processing ,  
shou ld  be  i n  typical  posi tions  that are  used  cl i n ical l y,  as  mentioned  above,  and  recorded .  

9.2.3  Image acquisi tion  

Some practice  i s  requ i red  to  obtain  test data  consisten tl y.  The  image  acqu is i tion  procedure  i s  
as  fol lows.  

•  Spread  coupl ing  gel  smooth ly over the  scan  path .   

•  Press  the  transducer l i gh tly to  create  a  th in  l ayer of gel  under the  transducer wi th  a  supply 
of gel  i n  front of the  transducer i n  the  d i rection  to  be  scanned .  S l igh tl y l ess  pressure  i n  the  
d i rection  of scann ing  wi l l  he lp  the  transducer ri de  over a  consistent,  th in  l ayer of gel .   

•  Then  move  the  transducer s lowly i n  a  d i rection  normal  to  the  scan  p lane,  from  one  end  of 
the  phantom  or wel l  to  the  other.  Add i tional  i ndependent images  can  be  obtained  by ti l ti ng  
the  transducer abou t i ts  con tact l i ne  wi th  the  phan tom.  Perform  the  sweep  or sweep  and  
ti l t  at  a  speed  that a l l ows,  du ring  the  sweep,  acqu isi tion  of a lmost a  fu l l  cine  loop  of 
images  or 1 00  or more  images.   

•  Record  the  images  to  a  l ocation  where  they can  be  processed  or retrieved  for processing .   

•  C lean  the  scan  path ,  repeat gel  d istribu tion  and  repeat th is  acqu isi tion  for a  consistency 
check.   

•  Repeat un ti l  consistency i s  obtained  ( I EC 61 391 -2: 201 0).   

•  When  cine  l oop  capabi l i ti es  are  not avai lable,  record  images  as  rapid ly as  possible  as  the  
transducer i s  scanned  s lowly over the  phan tom.   
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9.2.4 Analysis  

For h igh  sensi ti vi ty,  compute  the  med ian-averaged  image  value  a i , j  over a l l  images,  k =  1  to  N,  
i n  the  sweep  and /or sweep  and  ti l t,  for each  p ixel  at  coord inate  i, j.  The  resu l ting ,  h igh ly 
averaged  image  shou ld  reveal  d rops  i n  image  brigh tness  in  the  p ixels  below compromised  
transducer e lements  or channels.  To  quanti fy the  image  brigh tness  non-un i formi ty,  compute  
the  med ian  p ixel  va lue  in  depth  over at  l east 1 0  %  of the  image depth ,  for example,  from  
2  mm  to  20  mm  i n  each  ray i n  the  image,  wh i le  avoid ing  noisy sections  of the  image.  
For l i near arrays  that means  s imply averag ing  the  image-pixel  values  in  each  column  at 
depths  over that range,  from  3  mm  to  1 0  mm.  The  hashed  l i nes  i n  F igure  1  (righ t)  are  added  
to  show th is  reg ion  of axia l  averag ing ,  over a  smal ler range  of 2  mm  to  8  mm.  Th is  col lection  
of med ian  values  as  a  function  of p ixel  number a long  the  transducer surface  forms  the  l ateral  
profi le  of F igure  1  ( l eft) .  Th is  processing  i s  performed  using  any one  of many avai lable  
software  appl ications  for th is  type  of task.  The  task can  be  performed  fa i rl y easi l y i n  general -
purpose  software  or un i formi ty-speci fic  software 4) .   

Several  narrow losses,  or a  mu l ti -e lement l oss  g reater than  6  dB,  are  considered  defects.  A 
cri terion  other than  6  dB  and  based  on  statistics  of the  profi le  i s  g iven  below.  Three  defective  
e lements  wel l -separated  from  each  other i s  the  g reatest number of defective  e lements  usual ly 
a l l owed .  Wi th  a  50  dB  dynamic range  and  reasonably l ogari thmic compression ,  a  l oss  greater 
than  or equal  to  6  dB  wou ld  be  d isplayed  as  a  d ip  g reater than  or equal  to  one-ten th  of the  fu l l  
g rey-level  range,  or 26  on  the  256-level  scale  shown  i n  F igure  1 .  Some  experience  wi l l  be  
requ i red  in  l earn ing  to  i n terpret these  data.  Performance  of transducers  wi th  unacceptable  
defects  by th is  cri terion  shou ld  be  compared  wi th  resu l ts  of tests  by the  service  provider or 
other measurements,  such  as  complete  transducer-face  imag ing  or a  complete  e lectrical  test 
of the  e lements  (Annex D).  Other speci fics  of measurement wi th  avai lable  special ized  
software,  i nclud ing  production  of profi l es  wi th  convex l i near arrays,  are  g iven  i n  Annex B .  

 

Figure  1  – Median-averaged  image  (right)  and  i ts  lateral  profi le  ( left)  

On  the  right s ide  i s  a  med ian-averaged  image derived  from  a  l arge  stack of images  of a  
un i form,  sti rred  l i qu id  phan tom;  wh i te  vertical  l i nes  at  the  top  (3  mm  to  1 0  mm  depth)  show the  
range  over wh ich  the  s ignal  of each  scan  l i ne  was  med ian-averaged  to  make  the  profi le  on  the  
l eft.  A 0 , 53  mm  d iameter fi sh  l i ne  fi l ament was  p laced  across  a  cen tral  e lement to  s imu late  
two  defective  transducer e lements.  Th is  fi l ament casts  the  main  shadow seen  i n  the  image 
and  the  profi l e .  Th is  effect of a  shadowing  material  i s  usual l y l arger than  that of the  covered  
e lements  being  d isconnected .  Two  lesser shadows  are  seen  that are  due  probably to  l ess  
sensi tive  or l ost s ing le  e lements.  On  the  left  s ide  of F igure  1 ,  the  set of b lue  poin ts  overlaid  
on  the  red  l i ne  consti tu tes  the  cen tral  three  fourths  (75  %)  of the  profi le  data.  The  dotted  

___________ 

4)   For example,  Matl ab,  or N IH  imageJ  wi th  specia l  p l ug -i ns.  See  examples  from  avai l abl e  shared  or commercia l  
software  i n  Annex B .  Th i s  i n formati on  i s  g i ven  for the  conven ience  of users  of th i s  documen t  and  does  not 
consti tu te  an  endorsemen t by I EC  of these  products.  
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g reen  (yel l ow)  l i nes  mark one  (two)  median  absolute  deviations  above  and  below the  profi le  
med ian .  The  grey 'shadows'  merely extend  (s impl istical l y)  below sections  of the  data  that 
reside  in  the  bottom  eighth  (1 2 ,5  %)  of the  profi le  set.   

Resu l ts  of th is  analysis  shou ld  be  recorded  in  a  database  i nclud ing  at m in imum,  the  s ignal  
change  and  hal f-wid th  thereof and  l ocation  on  the  array.  Such  record ing  shou ld  be  done  for a l l  
areas  of scan-l i ne  s ignal  change  in  the  image  where  the  change  exceeds  recommended  l im i ts  
for the  tested  type  of transducer and  system.  Also  conclusions  from  the  tests  shou ld  be  
i ncluded .  When  such  recommended  l im i ts  are  unavai l able,  are  not fu l l y satisfactory or when  
practicable  i n  other cases,  the  database  shou ld  i nclude  the  med ian-averaged  image  and  
brigh tness  profi le ,  both  as  i n ,  or s im i lar to,  F igure  1 ,  and  a  means  of p lotting  the  resu l ts  of 
s ignal -change  ampl i tude,  d ip  wid th ,  and /or the  product of ampl i tude  and  d ip  wid th ,  as  a  
function  of time  in  a  con trol  chart [36] .  The  con trol  chart can  help  define  deviations  exceed ing  
two  or th ree  standard  deviations  from  the  mean  of the  previously recorded  values,  These  are  
typical  th resholds  for declaring  a  clear degradation  and  usual l y.obtain ing  corrective  action .  
See  B . 2 .  

1 0  Level  3  measurement methods  

1 0.1  General  

These  tests  shou ld  be  performed  and  resu l ts  recorded  at  l east every other year us ing  
phan toms  defined  i n  7 . 2 . 3 .  They shou ld  a lso  be  performed  upon  acceptance  testing  and  when  
problems  such  as  system  sensi tivi ty and  d isplay-system  performance  are  suspected  and  clear 
problems  are  not documented  by the  image-un i formi ty tests.  As  i n  9 . 2 .4 ,  the  resu l ts  of tests  
shou ld  be  p lotted  in  control  charts  to  a id  selection  of s ign i fican t deviations  from  the  mean  of 
the  measurements.  See  B . 2 .   

1 0.2  Maximum relative  depth  of penetration   

1 0.2 .1  Assessment 

The  maximum  depth  of penetration  i s  the  best imag ing  method  devised  at time  of wri ti ng  for 
s imple  tests  of u l trasound  system  sensi ti vi ty.  S im i larl y,  after that,  the  maximum  relative  
depth  of penetration  i s  the  next best imag ing  method  at time  of wri ting  for assessing  
changes  i n  system  sensi ti vi ty and  requ i res  on ly a  stable  phan tom  wi thou t narrowly defined  
acoustic properties.  Visual  measurements  of depth  of penetration  m igh t be  too  i nconsisten t to  
document modest changes  i n  system  sensi ti vi ty and  procedures  have  been  developed  to  
quan ti fy th is  measure.   

1 0.2 .2  Scann ing  system  settings   

The  fol lowing  i s  adapted  wi th  m inor changes  from  I EC 61 391 -2 : 201 0,  6 . 1 . 1  and  7 . 1 .  
Maximum relative  depth  of penetration  shou ld  be  measured  at  the  preset (defau l t)  
frequency presented  by the  system  for the  most common  appl ication  for that system  and  
transducer and  for any other transducer whose  sensi ti vi ty i s  suspect and  i s  not a l ready s lated  
for repai r after image-un i formi ty tests.  To  determine  the  maximum  relative  depth  of 
penetration ,  the  system-sensi ti vi ty con trols  shou ld  be  ad justed  to  provide  echo  s ignals  from  
as  deep  as  possible  i n to  the  phan tom.  Th is  ad justment general l y requ i res  the  fol l owing .  

a)  The  transmi t energy ( label led ,  for example,  “ou tpu t; ”  “power, ”  etc. )  shou ld  be  at i ts  h ighest 
setting .  

b)  The  transmi t focal  d i stance  i s  posi tioned  near i ts  maximum,  i . e .  as  close  as  possib le  to  the  
apparen t maximum  relative  depth  of penetration .  

c)  The  system  overal l  gain  and  TGC are  set at  h i gh  enough  l evels  that e lectron ic noise  i s  
d i splayed  on  the  image  mon i tor or un ti l  some  pixels  approach  maximum  brigh tness  i n  the  
reg ion  where  re lative  depth  of penetration  i s  measured .  I n  the  l atter case,  d isplayed  
dynamic range  shou ld  be  set to  i ts  l argest setting .  I n  e i ther case,  care  shou ld  be  taken  to  

Copyright International  Electrotechnical  Commission  



I EC  TS  62736:201 6  © IEC  201 6  – 21  – 

veri fy that image  p ixels  are  not satu rated  or that a  real  s ignal  i s  not d isplayed  as  zero,  i . e .  
pegged  h igh  or l ow.  

S ignal  processing  settings,  such  as  logari thmic compression  and  other pre-processing  
functions,  as  wel l  as  image d isplay settings,  such  as  post-processing ,  shou ld  be  i n  typical  
posi tions  that are  used  cl i n ical l y,  preferably at  the  preset (defau l t)  frequency presented  by the  
system  for the  most common  appl ication  for that system  and  transducer and  for the  most 
d i fficu l t  body habi tus.  I f a  preset i s  used ,  the  i n tended  cl in ical  appl ication  for the  preset as  
wel l  as  the  above  con trol  setting  values  shou ld  be  recorded .  

These  tests  are  performed  in  the  most common  mode employed ,  e . g .  harmon ic or 
fundamental .  The  l atter i s  best i n  most cases  un less  the  phantom  i s  not deep  enough  to  
provide  a  measurement.  I f cl u tter from  mu l tip le  scattering  i n  the  phan tom  appears  to  extend  
the  measurement to  unreal istic  depths,  consider choosing  a  d i fferent standard  set of con trols  
or consider the  possib i l i ty that scattering  i n  the  phantom  is  too  strong .  

1 0.2.3  Image  acquisi tion  

The  maximum  relative  depth  of penetration  i s  determined  from  the  image-pixel  s ignal -to-
noise  ratio  vs.  depth .  A cine  l oop  of images  i s  acqu i red  wh i le  sweeping  normal  to  the  image  
p lane  across  the  re lati ve-depth-of-penetration  phan tom.  For th is  acqu is i tion ,  the  scanner i s  
optim ized  for maximum  performance  (Figure  2A).  Th is  optim ization  usual ly resu l ts  i n  the  
background  echo-signals  from  the  phan tom  fad ing  i n to  the  d isplayed  e lectron ic noise.  

 

Figure  2  – A)  Image  of a  un iform  section  in  a  tissue-mimicking  phantom,   
bright rectangle;  B)  Image d isplaying  electron ic  noise  on ly,  obtained  with   

the  operating  controls  set  the  same as  for A but wi th  the  transducer decoupled   
from  the  phantom  [SOURCE:  Un iversi ty of Wisconsin ]  

A cine  l oop  of images  a lso  shou ld  be  acqu i red  wi th  the  transducer not coupled  to  the  
phantom,  wh i le  us ing  the  same  ou tpu t,  ga in  and  processing  settings.  The  l atter image  set wi l l  
be  used  to  compute  the  depth -dependent e lectron ic noise  level  for the  chosen  transducer,  
receiver,  and  scanner s ignal -processing  settings.  Th is  wi l l  resu l t  i n  an  “e lectron ic noise  on ly”  
image,  as  shown  in  F igure  2B.  I t  has  been  con jectu red  that transducer mechan ical  l oad ing ,  
when  the  probe  i s  coupled  to  the  phan tom,  can  resu l t  i n  d i fferen t noise  levels  than  when  the  
probe  i s  i n  a i r.  Be  aware  that th is  m igh t occur.  Wi th  wobbler transducers  having  a  fl u id  path  to  
the  window of the  transducer housing  where  reverberations  i n  the  flu id  path  m igh t be  bad ,  and  
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wi th  new systems  and  styles  of transducers,  compare  noise  l evels  wi th  the  transducer i n  a i r 
and  wi th  the  transducer coupled  to  a  dummy load ,  such  as  a  b lock of attenuating  rubber that 
has  s im i lar acoustical  impedance  to  the  phantom  bu t i s  not echogen ic at depths  
encompassing  the  maximum relative  depth  of penetration  i n  the  phan tom.  I f the  noise  l evel  
i s  l ower wi th  the  anechoic b lock,  use  those  measurements  wi th  that and  s im i lar transducers.  

1 0.2.4 Analysis  

The  d ig i ti zed  image  data  for a  rectangu lar reg ion-of-in terest (ROI )  extend ing  from  the  near 
fie ld  to  the  bottom  of the  image  form  a  matrix,  a( i, j) ,  where  i  refers  to  the  column  (horizon tal  
posi tion)  and  j  refers  to  the  row (vertical  posi tion)  i n  th is  matrix.  Acqu i re  a  fu l l  cine  l oop  of 
i ndependent images,  wh i l e  s lowly scann ing  the  transducer normal  to  the  image  plane  across  
the  leng th  of the  phantom  wi th  each  image  label led  k.  Then  each  voxel  i n  a  3D-matrix i s  
l abel led  a(i, j, k) .  A mean  value  of A (i, j)  shou ld  be  obtained  by averag ing  data  from  a l l  the  
images.  The  mean  p ixel  value  (grey level )  vs.  depth ,  A (j)  i s  then  computed  by averag ing  p ixel  
va lues  correspond ing  to  a  constan t depth  from  the  transducer.  Wi th  sector transducers  such  
as  phased  arrays  and  curved-l i near arrays,  i t  may be  necessary to  apply a  more  complex ROI  
when  computing  the  A (j)  va lues,  un less  the  wid th  of the  ROI  i s  narrow,  such  as  l ess  than  one-
ten th  of the  sector wid th  at the  maximum  depth .  S im i larly,  A ' (j) ,  the  mean  pixel  va lue  
(numerical  g rey l evel )  vs.  depth  shou ld  be  determined  for the  image  contain ing  noise  on ly.   

Typical  p lots  of A (j)  and  A ' (j)  vs.  depth  are  i l l ustrated  in  F igure  3 .  The  A (j)  values  are  seen  
gradual ly merg ing  towards  the  A ' (j)  as  depth  i ncreases.  Let s(j)  be  the  depth-dependent echo-
signal  l evel ,  that i s ,  the  average  echo-signal  vs.  depth  i n  the  image in  the  absence  of any 
e lectron ic noise.  Assuming  the  s ignal  and  noise  are  not correlated ,  and  that the  B-mode  
image  i s  a  d i splay of echo-signal  l evel ,  i t  may be  shown  that the  average  s ignal  vs.  depth  for 
the  image  of the  phan tom  is  

 ( ) ( ) ( )22
jAjsjA ′+= .   (1 )  

Thus,  the  s ignal -to-noise  ratio  for depth ,  j,  SNR(j)  i s :  
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X depth  i n to  phan tom  (cm)  

Y mean  image  p i xe l  (data)  va l ue  

The  sol i d  l i ne  i s  1 , 4  A ʹ (j) ,  and  i t  i n tersects  A ( j)  a t  a  depth  of 1 9  cm ,  defi n i ng  the  maximum  rel ati ve  depth  of 
penetrati on .  

Figure  3  –  Mean  d ig i tized  image-data  value  vs.  depth  for the  phantom  image  data  (A (j) )  
and  for the  noise-image  data  (A ʹ(j) )  
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The  depth  at  wh ich  the  s ignal -to-noise  ratio  decreases  to  1  shou ld  be  taken  as  the  maximum 
relative  depth  of penetration ,  or the  maximum  depth  of penetration  i f using  a  cal ibrated  
phan tom.  Th is  corresponds  to  the  ratio  A (j)/A ʹ(j)  =  1 , 4 .  Also  for cases  i n  wh ich  s(j)  i s  not 
proportional  to  the  echo-signal  l evel ,  the  value  A (j)/A ʹ(j)  =  1 , 4  shou ld  be  used  as  a  practical  
defin i tion  of the  maximum  relative  depth  of penetration .  

Resu l ts  of th is  immed iate  analysis  of maximum relative  depth  of penetration  shou ld  be  
recorded  in  a  database  as  referenced  at the  end  of 9 . 2 .4  [36] .  

1 0.2 .5  Commentary 

Un l ike  the  performance evaluation  standard  I EC  61 391 -2: 201 0,  7 . 1 . 3 ,  th is  measurement of 
relative  depth  of penetration  in to  an  attenuating  phantom  may not be  used  to  compare  
imag ing  performance  of s im i lar systems,  un less  the  tests  are  performed  on  the  same phantom  
or wi th  a  phan tom  meeting  the  speci fications  i n  that standard .  I f the  same  phantom  i s  
employed ,  the  maximum relative  depth  of penetration  may be  used  to  evaluate  effects  of 
system  upgrades,  and  i n  some  cases  help  i den ti fy fau l ty transducers  when  the  fau l t  resu l ts  i n  
subtle  loss  of sensi ti vi ty.  Measuring  the  maximum  relative  depth  of penetration  can  be  
usefu l  du ring  acceptance  tests  on ly when  comparing  wi th  pre-purchase  tests  performed  wi th  
the  same  phantom.  However,  sometimes,  added  performance  i n  depth  of penetration  i s  
accompan ied  by decrease  i n  l ateral  resolu tion  because  of preferen tia l  attenuation  of h i gher 
frequency components  of pu lsed -u l trasound  beams  i n  ti ssue  and /or i f l ow-pass  fi l ters  are  used  
i n  the  receiver of the  u l trasound  i nstrument.  Thus,  the  maximum relative  depth  of 
penetration  reveals  on ly one  aspect of image  performance  because  i t  provides  no  
i n formation  on  spatia l -  and  con trast-resolu tion  at the  depths  considered .  Thus,  relati ve  depth  
of penetration  shou ld  be  considered  as  a  s imple  bu t va luable  tool  for estimating  a  “best case”  
of imag ing ,  where  on ly loss  of s i gnal  or e lectron ic noise  l im i ts  the  abi l i ty to  visual ize  a  target.   

Some  imag ing  systems,  particu larly those  operating  at l ower frequencies,  provide  depth  of 
imag ing  performance  that exceeds  the  avai lable  path  l eng ths  i n  most phan toms.  When  th is  i s  
the  case,  one  can  on ly determine  that the  maximum  relative  depth  of penetration  exceeds  
the  maximum  path  l ength  avai lable  i n  the  phan tom  and  record  and  track the  s i gnal -to-noise  
ratio  (SNR)  at some speci fic reg ion  of i n terest (ROI )  i n  the  image  fi e ld  over time.   

1 0.3  System-image  d isplay 

1 0.3. 1  General  

Al l  test patterns  referred  to  below are  speci fied  i n  detai l  i n  [35]  and  thei r equ ivalen ts  i n  
I EC  62563-1  [34]  are  avai lable  as  d ig i ta l  images.  Al l  of the  assessments  described  below 
shou ld  be  performed  more  frequently than  speci fied  here  i f so  recommended  by the  
u l trasound  (US)  system  and  i n terpretation-station  manufacturers.  Fu l l  tests  for d isplay-system  
performance  evaluation ,  i nclud ing  grey-scale  cal ibration ,  m igh t be  appropriate,  particu larl y for 
d isplays  wi thou t l uminance-stabi l i zation  ci rcu i try.   

1 0.3.2  Level  1  tests  of the  US-system  and  in terpretation-station  d isplay  

The  d isplay shou ld  be  cleaned  prior to  testi ng .   

The  mechan ical  i n tegri ty of the  d isplay shou ld  be  assessed  via  carefu l  i nspection  for problems  
such  as  scratches,  cracks,  pen  marks,  mechan ical  stabi l i ty of the  d isplay support.   

1 0.3.3  Level  2  and  3  tests  

The  tests  for con trast transfer characteristics  associated  wi th  the  d isplay device  shou ld  be  
performed  as  part of Level  3  QC-tests  and  a  qu ick visual  check wi th  same i s  recommended  
for Level  2  tests.  See  Annex C.  Visual  assessments  by l ow-contrast detectabi l i ty,  employing  
the  low-contrast pattern  of TG1 8-CT [35]  (F igure  C. 1 )  shou ld  be  performed  i n  good  l i gh ting  
cond i tions  and  in  the  usual  or worst cond i tions  in  wh ich  the  u l trasound  system  is  used  
typical l y.  The  l atter wi l l  demonstrate  the  bad  effects  of poor viewing  cond i tions  and  perhaps  
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motivate  the  use  of improved  ambien t l i gh t.  The  row/column  numbers  of the  l owest con trast 
b locks  i n  wh ich  both  curved  edges  of the  ci rcu lar hemispheres  in  the  cen tre  can  be  resolved  
visual l y shou ld  be  recorded .   

I t  i s  recommended  to  test the  d isplay for p ixel  defects  (dead /stuck pixels)  and  overal l  d isplay 
un i formi ty by fi rst d i sconnecting  the  power,  to  d rain  static e lectrici ty,  restarting ,  and  viewing  
the  TG1 8-UN1 0  and  TG1 8-UN80  test images  [35]  (Figure  C. 1 ) .  Detected  non-un i formi ties  
shou ld  be  recorded  precisely i n  words,  such  as  “ l ost p ixels  or l arger non-un i formi ty at 
Row (1 -4) ,  Column  (1 -4)”  and  photograph ic record ing  of d isplay defects  wi th  a  d ig i ta l  camera  
i s  recommended .  I EC  62563-1 : 2009,  7 . 2  and  [35]  g ive  speci fics  for more  complete  
evaluations.  The  number of dysfunctional  p ixels  that i s  acceptable  for med ical  d iagnosis  
depends  on  the  d istraction  caused  by the  dysfunction  and  i s  a  function  of the  p ixel  s ize  
compared  wi th  the  s ize  of the  imag ing  poin t spread  function .   

Resu l ts  of these  immed iate  analyses  shou ld  be  recorded  i n  a  database  as  at the  end  of 9 . 2 .4  
[36] .  These  test patterns  are  for mon i tors  cal ibrated  to  the  D ICOM  standard .  Most u l trasound  
system  d isplays  use  the  gamma 2 . 2  cu rve,  wh ich  typical l y wi l l  not a l l ow d iscrim ination  of the  
fu l l  range  of g rey levels  possib le  wi th  8  b i t  image  values.  These  test patterns  wi l l  normal l y 
reveal  those  l im i tations.  

Avai labi l i ty of these  or equ ivalen t test patterns  i n  the  u l trasound  system  shou ld  be  requested  
for existing  systems  and  speci fied  for systems  selected  more  than  two  years  after release  of 
th is  document.   

As  wi th  other QC-tests  herein ,  these  and  more  complete  tests  shou ld  be  performed  upon  
acceptance  of new or refurbished  u l trasound  systems  and  when  s ign i fican t changes  (greater 
than  2  standard  deviations  from  mean  of previous  measurements)  are  detected  i n  these  
measurements.  I deal l y,  quan ti tative  d isplay performance evaluation  shou ld  be  performed  
accord ing  to  I EC  62563-1 .  For example,  the  g rey-scale  cal i bration  shou ld  be  assured  through  
l uminance  measurements  at mu l tiple,  d ig i ta l -driving  levels,  us ing  a  cal ibrated  photometer and  
a  selection  of the  TG1 8-LN  test patterns  [35] .   

A more  pressing  problem  in  l arge  imag ing  services,  those  wi th  read ing  stations  other than  the  
d isplay on  the  u l trasound  system,  i s  that the  d ig i ta l  image  ou tpu t i s  not designed  to  provide  
the  same  image  on  a  standard  D ICOM  reader station  as  that presented  on  the  u l trasound  
system.  I t  i s  cri tical  that the  i n terpreting  physician  see  the  same  features  as  the  person  
acqu i ring  the  study.  Further standard ization  i s  needed .   

1 0.4 Distance  measurements  for mechanical ly scanned  d istances   

1 0 .4.1  General   

To be  performed  for Level  3  tests  and ,  i f need  i s  suspected ,  Level  2  tests.  I n  i n i tia l  QC testing  
of a  system,  testing  of d istance  measurements  in  a l l  d imensions  i s  recommended .  

Performance  of d i stance  measurements  i n  Level  2  QC is  of particu lar importance:   

•  when  d istance  measurement i nstabi l i ty or i naccuracy i s  suspected ;   

•  when  measuring  e levational  d isplacement i n  mechan ical l y swept l i near,  cu rved-l i near and  
phased  arrays;   

•  i n  many i n terven tional  gu idance  systems;   

•  when  measuring  l ateral  d i splacement beyond  the  real  time  fie ld  of view;   

•  i n  mechan ical l y swept s ing le-element,  annu lar-element,  2D-array-  and  s im i lar scanheads.  
Those  systems  are  more  subject to  subtle  errors  than  systems  wi th  d isplayed  d istances  
relying  on ly on  modern  d ig i ta l  clocks  and  spacing  of e lements  i n  a  rig id  array.  Particu larly 
when  d istance  measurements  are  cri ti cal ,  as  i n  obstetrics,  d i stance  measurement 
accuracy i n  mechan ical ly scanned  d i rections  shou ld  be  measured  at l east annual l y.  The  
accuracy of measurements  on  these  l ess  stable  systems  shou ld  be  tested  as  wel l  as  the  
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un i formi ty of the  d istance  scale.  The  fi rst QC-tests  on  a  system  shou ld  i nclude  a  fu l l  set of 
d i stance  measurements,  i f acceptance  or other performance  evaluations  have  not been  
performed ,  and  documentation  of a l l  d i stance  measurements  veri fied .  

1 0.4.2  Apparatus  and  scann ing  system  settings   

Employ a  phan tom  speci fied  for l ateral /e levational -d istance  measurement accuracy,  described  
i n  IEC 61 391 -1 .  Settings  can  be  those  used  for cl i n ical  imag ing  where  absolu te  measurements  
are  cri ti cal ,  for example,  obstetrical ,  or at settings  particu larl y to  m in imize  the  variance  and  
b ias  i n  these  tests.  The  l atter  employ a  re latively h igh  contrast setting ,  for example,  60  dB  
dynamic range,  TGC at reproducible  settings  showing  d istance  targets  at  approximately 
un i form  brigh tness,  and  gain  or ou tpu t to  show the  targets  at moderately l ow brigh tness.   

1 0.4.3  Image  acquisi tion  

I n  a  test object designed  for d istance  measurements,  scan  fi l aments  or other targets  from  the  
window designed  for that g roup  of targets.  The  largest target separation  shou ld  be  su fficien tl y 
l arge  for testing  the  accuracy over nearly the  fu l l  range  used  wi th  the  transducer.  I f a  ru ler i s  
imaged ,  scan  i t  as  described  in  1 0 . 4 .2 .  To  test d i stance  measurement i n  the  e levational  
d i rection  for a  3D-  or 4D-scanhead ,  or even  a  l i near array wi th  some  form  of 3D  tracking ,  a l i gn  
the  transducer assembly so  that each  image  scan  plane  i s  paral l el  to  a  fi l ament or a  d i stance  
marking  on  the  ru ler.  Refine  the  al i gnment by ensuring  that the  d istance  markings  on  the  ru ler 
or the  fi l aments  can  be  vi sual ized  clearly,  producing  the  maximum  s ignal  from  the  target that 
can  be  ach ieved  by ad justing  the  ti l t  of the  transducer assembly.  Set the  gain  so  that these  
targets  are  a l l  vi sible  as  the  3D-sweep  i s  performed ,  bu t not made  larger than  necessary i n  
the  d isplay by use  of a  gain  setting  that i s  too  h igh .  Perform  and  record  a  scan  and  veri fy that 
a l l  targets  i n  the  3D  fie ld -of-view are  seen  clearly and  fu l l y wi thou t coupl ing  arti facts.  For 
d istance  measurement i n  the  l ateral  and  axia l  d i rections,  perform  the  scans  wi th  s im i lar 
a l ignment and  precau tions  as  for e levational  measurements,  bu t a l ign  so  that the  image plane  
i s  perpend icu lar to  the  fi laments  or markings  on  the  ru ler.  

1 0.4.4 Analysis  

Measure  the  fi l ament posi tions  or the  d istance  marker posi tions  at every 1  cm  marker or some 
increment provid ing  at l east 4  measurements.  Spacings  and  the  d istance  between  the  two  
most d istant posi tions  shou ld  not d i ffer from  the  expected  values  by greater than  those  set i n  
the  manufacturer’s  speci fications.  For d istance  measurements  a long  the  axis  of the  
transducer,  the  measurement shou ld  not deviate  from  the  expected  value  by 1  mm  or 2  %,  
wh ichever i s  g reater.   

Resu l ts  of th is  immed iate  analysis  shou ld  be  recorded  i n  a  database  as  at  the  end  of 9 . 2 . 4  
[36] .  
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Annex A 
( informative)  

 
Example  phantoms for image uniformity 

and/or maximum relative depth  of penetration  

A phantom  for l i near arrays  and  curved-l i near arrays  for image-un i formi ty tests  and  a l lowing  
for the  optional  re lati ve-depth-of-penetration  measures  i s  i l l ustrated  i n  F igure  A. 1 .  Th is  
phan tom  i s  a  sol id  b lock of u rethane  wi th  a  homogeneous  d istribu tion  of scatterers.  The  9  cm-
wide  wel l  i n  the  top  aids  coupl i ng  of cu rved-l inear arrays.  A less  expensive  and  more  compact 
phantom,  probably of s im i lar materia ls ,  except h igh  attenuation  to  avoid  reverberations,  i s  
shown  i n  F igure  A.2 .  Two  ci rcu lar wel l s  are  shown  for scann ing  by rotation  of the  transducer 
rather than  a  l i near sweep.  The  large  and  smal l  wel ls  are  for s l i gh tly and  ti gh tly curved  l i near 
arrays,  respectively.  A versati le  phantom  is  shown  in  F igure  A.3  and  a  temporal ly stable,  
i nexpensive  one  in  F igure  A.4 .  

For more  rigorous  measurements,  wi th  l ess  chance  of acoustic-contact problems [3] ,  
scatterers  i n  a  constan tly sti rred  l i qu id  can  be  employed .  No  scann ing  motion  i s  requ i red .  The  
transducer i s  l owered  i n to  the  l i qu id  the  min imum  d istance  to  establ ish  good  acoustic con tact 
and  cine  loops  are  acqu i red .  

 

Figure  A.1  – Example  phantom  for image-un iformity  
and/or maximum-relative-depth-of-penetration  tests  
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Figure  A.2  – Example  compact phantom  for image-un iformity tests  

 

 

Key 

ROC rad i us  of cu rvatu re  

Figure  A.3  – Photograph  and  drawing  of a  three-in-one  phantom  which  provides   
for determination  of d istance  measurement precision  and  bias,  image  un i formity  

and  depth  of penetration  [37]  

Two cone-shaped  scann ing  windows  are  on  opposi te  s ides;  together the  two  windows  a l low 
d i rect con tact of convex (curved)  arrays  wi th  any rad ius  of curvature  (ROC)  from  3, 5  cm  
through  6  cm.  The  scann ing  window that accommodates  ROCs  from  2  cm  through  6  cm  i s  
d i rected  upward  in  the  photograph ;  the  windows  have  a  metal l i c  appearance  because  they 
consist of p lastic-coated  a lumin ium  foi l ,  wh ich  transmi ts  the  u l trasound  beam  bu t suppresses  
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desiccation  of the  ti ssue-mimicking  phan tom  materia l .  The  cork layers  are  for preventing  
s l i d i ng  of the  phan tom  when  on  a  smooth  su rface.  A th i rd  flat  scann ing  window i s  shown  on  
the  s ide  of the  phan tom  for accommodating  other transducer shapes  such  as  l i near arrays  
and  phased  arrays .  

F i gure  A. 4  depicts  a  un i formi ty phantom  of rubber materia l  flexib le  enough  to  fi t  many 
transducer shapes,  bu t too  flexible  for bu i l t- i n  d istance  cal ibration  poin ts  or fi laments  un less  a  
rig id  p late  wi th  ri dges  were  attached  to  the  bottom  and  ri gh t end .  Th is  phantom  wou ld  serve  
better i f a  b i t  th icker.   

 

Figure  A.4  – A compact un iformity phantom  of relatively durable  rubber material  
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Annex B  
( informative)  

 
Avai lable analysis  software 

B.1  Open  source  software  for assessment for QC  of u l trasound  image 
un i formity 

Some examples  of known  software  for QA purposes  are  l i sted  below5  ( from  [1 ] ) :  

•  U l traIQ™  (Cablon  Med ical ,  NL)  

Th is  company has  developed  a  software  appl ication  for au tomated  evaluation  and  
reporting  of u l trasound  systems ded icated  to  Levels  2  and  3  appl ications.  
(h ttp: //www.u l traiq . com);  accessed  29. 6.201 5  

•  QA4US™  

(Radboud  Un iversi ty,  N i jmegen ,  NL)  

a  modu lar software  package  that can  be  used  for Levels  2  and  3  test requ i rements  
(www.qa4us. eu);  accessed  26. 6.201 2  

•  F i rstCheck™  

(U l traSound-Lab,  ZMPBMT,  Med ical  Un iversi ty Vienna,  Austria)  Java-based  software  that 
i s  ded icated  to  support s imple  user tests/documentation  of Level  1   
(h ttp: //www.zmpbmt.medun iwien .ac.at/1 /science/u l trasound-lab/projects/fi rstcheck/) ;  
accessed  30. 6. 201 6  

•  Nottingham  USQC 

(Notti ngham  Un iversi ty Hospi tals,  Med ical  Physics  & Cl in ical  Eng ineering ,  UK)  software  
developed  by the  u l trasound  g roup  to  evaluate  Levels  2  and  3  tests  

One  set of software  i s  described  here  as  an  example  of the  newer quan ti tati ve  measurements  
of image  un i formi ty and  as  a  conven ience  to  users  of th is  document.  Th is  mu l ti -p latform  
software  wi l l  be  avai lable  shortl y as  a  p lug- in  to  N IH  ImageJ 5)    ( free  at 
h ttp: //rsbweb.n ih . gov/i j /) .  TI FF  images  and  stacks  and  uncompressed  DICOM  data  con tain ing  
rectangu lar and  arc scan  reg ions  are  processed .  A med ian  image  of the  image  stack i s  
created  wi th  one  p lug-in  and  the  data  analysed  wi th  e i ther the  l i near array or convex curved-
l i near array p lug-in .  The  operator posi tions  and  resizes  the  analysis  window below the  main  
transducer ri ng -down  and  for a  d istance  of approximately one-eigh th  of the  total  depth  of the  
image.  Add i tional l y,  one  can  reposi tion  the  window to  catch  any variations  of concern .  Ou tpu t 
of the  analysis  i s  shown  i n  F igure  B . 1 .   

Before  exporting  the  profi le  to  a  spreadsheet,  the  threshold  for defect detection  i s  considered .  
The  threshold  shou ld  be  at the  insti tu tion ’s  standard  value  (recommended  3  times  the  median  
absolute  deviations  from  the  data's  med ian ,  3  MADs).  The  MAD  is  s im i lar to  the  standard  
deviation .   

Before  the  profi l e  i s  exported  from  the  p lug-in ,  the  number of transducer e lements  i n  the  
tested  array shou ld  be  set at  the  known  value  (set at  1 28,  i f unknown).  Th is  g i ves,  as  i n  
Table  B . 1 ,  the  normal ized  s ignal  below 3  MAD in tegrated  over a l l  scan  l i nes  i n  each  s ignal  
val ley,  as  wel l  as  the  same  in tegration  over columns  1 -element wide.  Ten tative  recommended  
action  thresholds  are  as  fol lows.   

A s i gnal  va l l ey of area  ( in  columns  one  element wide)/mean  >  0 , 4  i s  worth  coun ting  as  a  
defect of possib le  concern .  More  than  two  such  defects  are  worthy of recommend ing  

___________ 

5)   Th i s  i n formati on  i s  g i ven  for the  conven ience  of u sers  of th i s  documen t and  does  not  consti tu te  an  endorsemen t 
by I EC  of these  products .  
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repai r/replacement or fu rther testing .  A fi nd ing  of normal ized  area  >  0 , 9  i n  a  s ing le  val ley i s  
worthy of an  unacceptable  rating  and  a  request for repai r/replacement or fu rther testi ng  wi th  
strong  j usti fication  of no  fu rther action .  These  recommendations  are  yet to  be  veri fied  on  a  
l arge  number of transducers  and ,  i n  any case,  may be  subject to  the  ind ividual  i nsti tu tion ’s  
assessment of the  importance  of the  defect to  cl in ical  practice.  A classi fication  gu ide  i s  that a  
d ip  >  3  dB  (–3  dB  re lati ve  to  the  mean)  and  more  than  two  e lements  wide  i s  worth  counting  as  
a  defect of possible  concern .  I f the  dynamic range  of the  d isplay i s  not known  and  cannot be  
estimated  reasonably,  "A s ignal  va l ley of area  ( i n  columns  1  e lement wide)/mean  >  0 , 4"  can  
be  used  as  a  gu ide.  Th is  i s  the  area  of the  d ip  i n  p ixel  va lues  in tegrated  over the  number of 
columns  of one  transducer e lement wid th ,  taken  from  the  –3  MAD  level .  Th i s  cri terion  
assumes  correct en try of the  number of transducer e l ements.  I f th i s  n umber i s  unknown ,  a  
reasonable  guess  for h igh-end  systems  in  201 6  i s  (1 28  +  1 92)/2  =  1 60.  Taking  the  area  of th is  
d ip  i n  pixel  va lues  i s  l i ke  taking  a  certain  number of decibels  assuming  a  standard  dynamic 
range  setti ng  and  a  purely logari thmic characteristic curve.  Th is  l atter assumption  i s  most 
accurate  i n  the  m idd le  of the  image  brigh tness  range.  

 

Profi l e  co l umns  be low 3  MADs  (med ian  absolu te  devi ati ons)  are  shown  i n  b l ue.  

Figure  B. 1  – On  the  left  the  profi le  of median  pixel  value  i s  plotted  for each  image  
column  in  the  analysis  box shown  in  the  median  image  on  the  right for the  transducer 

in  F igure  1 ,  but wi thout the  nylon  fi lament obstructing  some central  elements  

After being  made  aware  of these  defects  by th is  procedure  and  having  quan ti tative  measures  
to  test,  the  user can  fol low m inor acceptable  defects  un ti l  replacement,  i f fu rther degradation  
occurs.  Al ternatively,  on  a  servicer con tract a l l owing  a  certa in  transducer replacement rate,  
the  most defective  transducers  currently i n  the  user’s  possession  can  be  replaced  as  the  no-
cost opportun i ty arises.  Below,  see  a  step-by-step  example  of performing  th is  analysis.  

IEC  
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Table  B.1  – Output of analysis  

The  bottom  two  rows  provi de  a  l i s ti ng  and  measured  characteri sti cs  of the  s i gnal  d i ps .  M in  and  S i gnal  a t  ha l f max 
are  i n  p i xe l  va l ues.  Area  i s  i n tegrated  p i xe l  va l ue  i n  the  d i ps  and  mean  i n  Area/mean  i s  the  mean  p i xe l  va l ue  i n  
the  ana l ysed  area  of the  image.  D i p  depth  i n  dB  i s  maximum  depth  ca l cu lated  assum ing  a  pu re l y l ogari thm ic 
compress ion  and  the  en tered  d ynam ic  range  of 70  i n  th i s  case.  D i p  area  (dB  e l ements)  i s  j ust  the  i n teg rated  D i p  
area  i n  dB .  Another col umn  shou l d  be  added ,  g i vi ng  the  d i stance  of each  d i p  from  the  end  of the  transducer that 
has  the  bump  or ri d ge  provi ded  on  i t  to  a i d  ori en tati on  i n  cl i n i ca l  use .  MAD  i s  defined  as  the  med ian  of the  
absol u te  devi ati ons  from  the  data 's  med ian .  These  sheets  can  be  worksheets  i n  a  workbook for the  g i ven  
transducer,  scanner or faci l i ty.  A master spreadsheet  shou l d  keep  the  resu l ts  for a  g i ven  transducer i n  a  co l umn  
for documen tati on  and  anal ys i s  of change.   

 

B.2  Example  of QC  control  chart:  

A con trol  chart can  p lot resu l ts  of a  series  of measurements  over time.  Confidence  or con trol  
l im i ts  or standard  deviations  of the  data  are  p lotted  as  horizon tal  l i nes  showing  the  l i kel ihood  
that a  poin t i s  deviating  from  the  mean  due  to  other than  the  fluctuations  i n  the  data,  
assuming  a  random,  Gaussian  measurement error.  I n  the  example  of F igure  B . 2 ,  the  sudden  
i ncrease  i n  the  area  of the  d ip,  i f reproducible,  i nd icates  transducer,  cable  or e lectron ic 
degradation  that warran ts  repai r,  replacement or fu rther d iagnosis.  The  d ip  i s  shown  as  stable  
for several  months  wi th in  3  standard  deviations  from  the  mean  before  j umping  to  a  more  
serious  defect.  Th is  apparen t change  i s  more  cause  for concern  than  a  modest stable  defect.  
The  d ip  area  i s  l abel led  i n  depth  of the  d ip  i n  decibels  i n tegrated  over the  number of i nvolved  
transducer elements.  [SOURCE:  spreadsheet from  [36] ,  p lotted  wi th  mod i fi cations]  
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Figure  B.2  – Control  chart for a  d ip  in  the  midd le  of the  profi le  for one  transducer (TD)  
mode C9-4 and  the  specified  serial  number (S/N )  
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Annex C  
( informative)  

 
D isplay test patterns  

Two types  of d i splay test patterns,  F igure  C. 1  and  F igure  C.3,  are  chosen  for th is  document 
because  of thei r s impl ici ty for visual  and ,  i f desi red ,  photometric analysis.  Both  of the  test 
patterns  in  F igure  C. 1  are  recommended .  These  are  s imple  dark fi el d  and  l i gh t fi el d  patterns.  
One  i s  shown  wi th  and  one  wi thout a  grid  to  a id  reporting  of sections  of reduced  or 
accentuated  brigh tness.  The  g rid  pattern  i s  recommended  to  s impl i fy data  en try as  i n  
F igure  C. 2  ( l eft) .  I t  i s  importan t that each  pattern  fi l l s  the  screen .  Evaluate  each  for vis ib ly 
acceptable  un i formi ty when  viewed  from  each  s ide,  above  and  below,  and  from  straigh t 
ahead .  Un l ike  most patterns,  i t  i s  not essen tia l  for those  i n  F igure  C. 1  and  F igure  C.3  to  have  
a  one-on-one  relationsh ip  between  the  image  p ixels  and  the  d isplay p ixels.  Patterns  in  
D ICOM  and  1 6-bi t  TI FF  formats  shou ld  be  d isplayed  wi th  a  window and  level  set to  cover the  
range  from  0  to  4  095  (WW =  4  096,  WL =  2  048).  For 8-bi t  patterns,  the  d isplayed  range  
shou ld  be  from  0  to  255  (WW =  256,  WL =  1 28).  

 

Li ned  ( l eft)  or un l i ned  (ri gh t)  patterns  may be  u sed .  

Figure  C. 1  – AAPM  TG1 8-UN1 0  ( left)  and  TG1 8-UN80  (right)  patterns  for luminance 
un i formity,  colour un i formity,  and  angu lar response  evaluations  [35]  

For the  requ i red  assessments  of the  contrast transfer characteristics  associated  wi th  the  
l uminance  response  of a  device,  the  l ow con trast test pattern  [35]  represented  i n  F igure  C. 3  i s  
employed .  The  pattern  i ncludes  1 6  ad jacent reg ions  varying  i n  l um inance  from  l evels  8  to  248  
wi th  an  8-bi t d isplay and  1 28  to  3  968  wi th  1 2  bi ts .  Each  reg ion  d i ffers  i n  p ixel  value  by the  
same amount from  the  ad jacent ones.  Each  patch  con tains  four smal l  corner patches  at ±4  
[±64  wi th  1 2  b i ts]  p ixel  va lue  d i fference  from  the  background ,  i den tical  to  those  i n  the  TG1 8-
QC test pattern .  I n  add i tion ,  at the  cen tre  of each  patch  i s  a  ha l f-moon  target wi th  the  two  
s ides  of the  target at ±2  [±32]  p ixel  va lue  d i fference  from  the  background .  For F igure  C. 2  
(righ t) ,  s tate  the  lowest contrast pattern  i n  each  row at wh ich  the  cen tral  spl i t  ci rcle  can  be  
d istingu ished .  A s im i lar pattern  OIQ ( IEC 62563-1  [34] )  i s  perhaps  even  better for th is  
purpose  for LED  d isplays .  
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Figure  C.2  – Example  data  entry form  for visual  d isplay evaluation:  
l eft  for Figure  C.1 ;  right for F igure  C.3  

 

Figure  C.3  – TG1 8-CT low-contrast test  pattern  for the  evaluation  of  
the  luminance  response  of d isplay systems  [35]  
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Annex D  
( informative)  

 
E lectronic test methods  and  test methods  provided  
by the manufacturers;  relation  to  cl in ical  signi ficance 

Two methods  are  d iscussed  i n  9 . 2 . 4,  i nclud ing  e lectron ic test methods  from  an  i ndependent 
suppl ier and  test methods  provided  by the  manufacturers.  Wri ters  are  unaware  of transducer 
tests  provided  by the  system  manufacturers  wi th  resu l ts  provided  to  the  users,  bu t th i s  testi ng  
i s  done  in ternal l y i n  some  systems.  A device  for complete  e lectrical  tests  of the  transducer 
cable  and  the  e lements  (Fi rstCal l  aPerio™ 6))  was  sold  commercia l l y bu t has  s ince  been  
restricted .  A system  for imag ing  the  surface  vibrations  of a  transducer array can  fu l l y check 
the  transmission  capabi l i ties  of even  a  2D  imag ing  array wi thou t requ i ring  e lectrical  
connections  and  p in -to-element knowledge. 7)   

The  test methods  in  th is  document for transducer element and  channel  malperformance  are  
qu i te  sensi tive,  bu t thei r connection  to  image  qual i ty at the  depths  of i n terest i n  the  image  
p lane  are  not fu l l y understood .  Professional  j udgement i s  used  to  determine  actual  th resholds  
for various  actions  to  improve  the  system  performance  after defects  and ,  possibly,  evolu tion  
thereof have  been  documented  by these  tests.  When  questionable  defects  are  detected ,  
fu rther testing  wi th  existing  performance  evaluation  standards  and  Techn ical  Speci fication  i s  
recommended  ( I EC 61 391 -1 ,  I EC  61 391 -2 ,  and  I EC  TS  62791  [1 5]  or I EC  TS  62558  [24] ).  
More  speci fi c image-qual i ty performance-evaluation  methods  can  help  e lucidate  the  
importance  of various  transducer defects  i n  relation  to  the  various  costs  of transducer 
replacement or repai r.  A fu l l -b lown  cl i n ical  tri a l  i n  various  cl i n ical  appl ications  wi th  defective  
and  properly function ing  transducers  i s  not worth  the  cost.  A usefu l  test method ,  however,  
cou ld  i nvolve  use  of the  s imu lated  i deal  observer and  s imu lated  image  arti facts  on  databases  
of borderl ine  patholog ies  wi th  ad justable  lesion  con trast and  s imu lated  e lement/channel  
d ropout.  

  

___________ 

6)   F i rstCal l  aPerio™  i s  the  trademark of a  product  suppl i ed  by Un i syn  Med ical  Technolog i es ,  Gol den ,  CO,  USA.  
Th i s  i n formati on  i s  g i ven  for the  conven ience  of u sers  of th i s  documen t and  does  not  consti tu te  an  endorsemen t 
by I EC  of th i s  product.   

7)   Au reon™  i s  an  example  of a  su i tabl e  product  avai l ab le  commercia l l y  (suppl i ed  by Acertara  Acousti c  
Laboratori es ,  Longmont,  CO,  USA,  h ttp : //www. acertaral abs. com/products/for-hospi ta l s/au reon /) .  Th i s  
i n formati on  i s  g i ven  for the  conven ience  of u sers  of th i s  documen t and  does  not consti tu te  an  endorsemen t  by 
I EC  of th i s  product.  
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