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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
ULTRASONICS – PULSE-ECHO SCANNERS – LOW-ECHO  
SPHERE PHANTOMS AND METHOD FOR PERFORMANCE  

TESTING  OF GRAY-SCALE MEDICAL ULTRASOUND SCANNERS  
APPLICABLE TO A BROAD RANGE OF TRANSDUCER TYPES 

 
FOREWORD 

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

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

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

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Publ i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond ing  national  or reg ional  publ i cation  shou l d  be  cl earl y i nd icated  
i n  the  l atter.  

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

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

7)  No  l i abi l i ty shou ld  attach  to  I EC or i ts  d i rectors,  employees,  servan ts  or agents  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Comm i ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

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

The  main  task of I EC  techn ical  committees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ica l  committee  may propose the  publ ication  of a  Techn ica l  
Speci fication  when  

•  the  requ ired  support cannot be  obta ined  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subj ect i s  sti l l  u nder techn ical  development or where,  for any other reason ,  there  is  the  
fu ture  bu t  no  immed iate  poss ib i 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  in to  I n ternational  Standards.  

Techn ical  Speci fication  I EC  TS  62791  has  been  prepared  by I EC techn ical  committee  87  
U l trason ics.  

  

Copyright International  Electrotechnical  Commission  



I EC TS  62791 : 201 5  © I EC 201 5  – 7  – 

The  text of th is  Techn ical  Speci fication  is  based  on  the  fo l l owing  documents:  

DTS  Report  on  voti ng  

87/554/DTS  87/570/RVC  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  Techn ica l  Speci fication  can  be  found  in  
the  report  on  voting  i nd icated  i n  the  above  tab le.  

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

Terms  in  bold  i n  the  text are  defined  i n  C lause  3.  

The  committee  has  decided  that  the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  unti 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  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be  

•  transformed  in to  an  I n ternational  s tandard ,  

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

 
 

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

 

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

Ul trason ic pu lse-echo  scanners  are  widel y used  i n  med ical  practice  to  produce images  of soft  
tissue  organs  throughou t the  human  body.  Most u l trason ic pu lse-echo  scanners  produce real -
time images  of ti ssue  in  a  scan  p lane  by sweeping  a  narrow,  pu lsed  beam  of u l trasound  
through  the  ti ssue  section  of i n terest and  detecti ng  the  echoes  generated  by reflection  at 
tissue  boundaries  and  by scattering  wi th in  tissues.  General l y,  the  sweep  that  generates  an  
image  frame is  repeated  at  l east  20  times  per second ,  g iving  rise  to  the  rea l - time  aspect of 
the  d isplayed  image.  The  axes  of the  pu lsed  beams  general l y l i e  i n  a  p lane  that defines  the  
scan  plane.  

Various  transducer types  are  employed  to  operate  i n  a  transm i t/receive  mode to  
generate/detect  the  u l trason ic  s i gnals.  Li near arrays,  in  wh ich  the  beam  axes  are  a l l  paral l e l  
to  one  another,  resu l ti ng  i n  a  rectangu lar image,  consist  of a  l i ne  of hundreds  of paral le l  
transducer e lements  wi th  a  subset of ad jacent  e lements  producing  one  pu lse  at  a  time.  
Convex arrays  are  s im i l ar to  l i near arrays  bu t the  e lement arrangements  define  part  of the  
surface  of a  short  ri ght  ci rcu lar cyl i nder wi th  the  array e lements  para l le l  to  the  axis  of the  
cyl i nder.  The  rad ius  of curvature  of the  cyl i nder (and  therefore  the  array)  can  have  va lues  
between  0 , 5  cm  and  7  cm .  The  convex array generates  a  sector image s i nce  the  beam  axes  
fan  ou t over the  scan  p lane.  A phased  array has  a  l i near arrangement of e lements,  where  a l l  
e lements  act  together to  form  a  pu lse  and  the  d i rection  and  focus  of an  em i tted  pu lse  i s  
determ ined  by the  tim ing  of exci tations  of the  e lements.  The  phased  array generates  a  sector 
image.  Another type  of sector scanner i s  the  mechan ica l  sector scanner i n  wh ich  a  s ing le  
e lement transducer or an  annu lar array transducer i s  rotated  abou t a  fixed  axis  during  pu lse  
em issions.  Al l  the  foregoing  transducer types  commonl y operate  wi th in  the  frequency range  
2  MHz to  1 5  MHz,  to  wh ich  th is  Techn ical  Speci fication  appl ies.  

A 2-d imensional  array (2-D  array)  i s  restricted  to  an  array of transducer e lements  d istribu ted  
over a  square  area  or a  spherical  cap.  Such  an  array receives  echoes  from  a  3-D  volume and  
can  produce images  correspond ing  to  any p lanar surface  in  that volume.  A 3-D  mechan ical l y 
d riven ,  convex array (3-D  MD  convex array)  means  a  convex array that acqu i res  images  as  i t  
i s  rotated  mechan ical l y about an  axis  l ying  i n  i ts  image p lane  or an  extens ion  of that p lane.  
A 3-D  mechan ical l y d ri ven ,  l i near array (3-D  MD  l i near array)  i s  s im i l ar to  a  3-D  MD  convex 
array,  where  the  array rad ius  of curvature  i s  i n fin i te  and  the  array i s  e i ther rotated  abou t an  
axis  or i s  translated  perpend icu larl y to  the  scan  p lane  of the  l i near array.  For an  overview of 

curren t 3-D  and  4-D  systems,  see  sections  1 . 5  and  1 0. 2. 2  of [1 ] 1 .  

One  means  for testing  the  imag ing  performance  of an  u l trasound  pu lse-echo scanner is  to  
quanti fy the  degree  to  wh ich  a  smal l  cyst-l ike  ( l ow-echo)  obj ect  i s  d isti ngu ished  from  the  
surround ing  soft tissue,  i . e .  the  degree  to  wh ich  a  smal l  cyst- l ike  ( low-echo)  obj ect  i s  
detectable  in  the  surround ing  soft  ti ssue.  I t  i s  reasonable  to  assume  that  the  smal l er the  low-
echo sphere  that can  be  detected  at some pos i ti on ,  the  better the  resolu tion  of the  scanner,  
i . e .  the  better i t  wi l l  d e l i neate  the  boundary of an  abnormal  obj ect,  such  as  a  tumour.  There  

are  three  components  of resolu tion  defined  i n  pu lse-echo  u l trasound :  

– axia l  resolu tion  (paral le l  to  the  l ocal  pu lse  propagation  d i rection) ;   

–  l ateral  resolu tion  (perpend icu lar to  the  local  pu lse  propagation  d i rection  and  para l l el  to  the  
scan  plane);  and   

– e levational  resolu tion  (perpend icu lar to  the  l oca l  pu lse  propagation  d i rection  and  a lso  to  
the  scan  p lane).   

Axia l  resolu tion  usual l y – bu t not a lways  – i s  better than  l ateral  and  e levational  resolu tions.  
Thus,  a l l  th ree  componen ts  shou ld  be  g i ven  equal  weigh t in  measuring  detectabi l i ty.  A 
sphere  has  no  preferred  orientation  and  is  therefore  the  best shape for a  cyst-l ike  obj ect for 
two reasons.  F i rst,  a l l  three  components  of resolu tion  are  weighted  equal l y no  matter what the  
beam ’s  i ncident d i rection  i s .  Second ,  the  inciden t beam ’s  propagation  d i rection  wi l l  vary 

____________ 

1  The  numbers  i n  square  brackets  refer to  the  B ibl i og raphy.  
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cons iderabl y i n  the  case  of convex and  phased  arrays  depend ing  on  where  the  object exists  
i n  the  imaged  volume.  

I t  i s  importan t that the  phan tom  a l lows  quanti fication  of detectabi l i ty  to  be  carried  ou t over 
the  en ti re  depth  range  imaged ;  thus,  i t  i s  importan t that the  l ow-echo spheres  exist up  to  the  
en ti re  scann ing  window.  A phantom  l im i ted  to  a  fl at scann ing  surface  i s  acceptable  for a  l i near 
array,  phased  array,  or a  fl at  2-D  array,  bu t  not for the  remain ing  types  of arrays.  Each  of the  
phantoms  described  in  th is  Techn ica l  Speci fication  conta ins  a  random  d istribution  of equal  
d iameter [2] ,  l ow-echo spheres  existing  at  a l l  depths,  i ncl ud ing  the  case  of those  designed  for 
testing  convex (curved)  arrays.  

Th is  Techn ical  Speci fication  summarizes  the  requ irements  for a  phan tom  to  provide  for 
determ ination  of detectabi l i ty  of low-echo  (cyst-l ike)  obj ects  for any type  of pu lse-echo  

transducer,  except (perhaps)  a  2-D  array wi th  a  spherica l -cap surface.  

The  I n ternational  E lectrotechn ica l  Commission  ( I EC)  d raws  attention  to  the  fact  that i t  i s  
cla imed  that compl iance  wi th  th is  document may i nvolve  the  use  of US Patents 5,574,21 2 and  
8, 887,552,  concern ing  an  “Au tomated  System  and  Method  for Testi ng  Resolu tion  of 
U l trasound  Scanners”  and  an  “U l trasound  Phan tom  Having  a  Curved  Surface” ,  respectivel y,  
g i ven  i n  8 . 2  and  8. 3 ,  and  Annexes  A and  D.  

IEC takes  no  pos i ti on  concern ing  the  evidence,  va l i d i ty and  scope  of th is  paten t  ri gh t.  

The  holder of th is  paten t ri gh t has  assured  the  I EC that he/she  i s  wi l l i ng  to  negotiate  l i cences  
under reasonable  and  non-d iscrim inatory terms  and  cond i ti ons  wi th  appl ican ts  th roughout  the  
world .  I n  th is  respect,  the  statement of the  holder of th is  paten t right  i s  reg istered  wi th  I EC.  
I n formation  may be  obtained  from :  

Wisconsin  Alumni  Research  Foundation ,  
61 4  Walnu t Street.  1 3th  F loor,   
Mad ison ,  WI  53726,  
USA 

Atten tion  is  d rawn  to  the  possibi l i ty that some of the  e lements  of th is  document may be  the  
subj ect  of patent ri gh ts  other than  those  i den ti fied  above.  I EC shal l  not be  he ld  responsib le  for 
i denti fying  any or a l l  such  paten t ri gh ts .  

I SO (www. iso. org/patents)  and  I EC  (h ttp: //patents . iec.ch)  main tain  on- l i ne  data  bases  of 
paten ts  re levant to  the ir standards.  Users  are  encouraged  to  consu l t  the  data  bases  for the  
most up  to  date  i n formation  concern ing  patents.  
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ULTRASONICS – PULSE-ECHO SCANNERS – LOW-ECHO  
SPHERE PHANTOMS AND METHOD FOR PERFORMANCE  

TESTING  OF GRAY-SCALE MEDICAL ULTRASOUND SCANNERS  
APPLICABLE TO A BROAD RANGE OF TRANSDUCER TYPES 

 
 
 

1  Scope 

This  Techn ical  Speci fication  defines  terms  and  speci fies  methods  for quan ti fying  the  imag ing  
performance of real -time,  u l trasound  B-mode  scanners.  The  types  of transducers  used  (see  
sections  7. 6  and  1 0 . 7  of [1 ] )  wi th  these  scanners  i nclude  

a)  phased  array,  

b)  l inear arrays,  

c)  convex arrays,  

d )  mechan ica l  sector scanners,  

e)  3-D  probes  operati ng  i n  2-D  imag ing  mode  (see  Annex K),  

f)  3-D  probes  operating  i n  3-D  imag ing  mode for a  l im i ted  number of sets  of reconstructed  
2-D  images  (see  Annex K).  

The  test  methodology i s  appl icable  for transducers  operating  in  the  2  MHz to  1 5  MHz 
frequency range.  

2  Normative references  

The fo l l owing  documents,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl i es .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

IEC 60050-802 ,  International Electrotechnical Vocabulary – Ultrasonics  (available 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  

IEC 61 391 -2: 201 0,  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 tions  g iven  i n  IEC 60050-802,  
I EC 61 391 -1  and  the  fol lowing  appl y.  

3. 1   
active  area of a  transducer  

area  over wh ich  transducer transm itting  and/or receiving  elements  are  d is tribu ted  
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3.2   
backscatter coefficient   
in trinsic  backscatter coefficient  
BSC 

i n trinsic  property of a  materia l  a t some frequency,  equal  to  the  d i fferen tia l  scattering  cross-
section  per un i t  volume for a  scattering  ang le  of 1 80°  

Note  1  to  en try:  See  [4] ,  [5] ,  [6 ] .  

[SOURCE:  I EC 61 391 -1 : 2006,  3 . 6,  mod i fied ]  

3.3   
low-echo sphere   
spherica l  i ncl us ion  in  a  phantom  wi th  backscatter coefficient  much  l ower than  that of the  

background  tissue-m im icking  materia l   

Note  1  to  en try:  Al l  l ow-echo spheres  i n  a  phan tom  have  the  same  d iameter wi th  a  to l erance  of ±1  % .  

3.4   
low-echo sphere d iameter  
D 

d iameter of the  l ow-echo spherical  i ncl us ions  in  a  phantom   

Note  1  to  en try:  I t  i s  genera l l y assumed  that  a l l  low-echo spheres  i n  a  parti cu l ar phantom  have  the  same  

d iameter D .  The  d i ameter to l erance  i s  ±1  % .  

3.5   
pixel   
smal lest  spatia l  un i t  or cel l  s i ze  of a  d i g i ti zed  2-d imensional  array representation  of an  image   

Note  1  to  en try:  Each  p i xel  h as  an  address  correspond ing  to  i ts  posi ti on  i n  the  array.  

Note  2  to  en try:  Pixel  i s  a  con traction  of ‘ p i ctu re  e l ement’ .   

[SOURCE:  I EC 61 391 -1 : 2006,  3 . 23,  mod i fied ]  

3.6   
pixel  value  
i n teger value  of a  processed  s ignal  l evel  or i n teger va lues  of processed  colour l evels,  
provided  to  the  d isplay for a  g iven  pixel  

Note  1  to  en try:  I n  a  g ray-scale  d i sp l ay the  p i xel  va l ue  i s  converted  to  a  l um inance  by some,  usual l y monoton ic,  

function .  The  set  of i n teger val ues  representi ng  the  g ray scal e  runs  from  0  (b lack)  to  2 (M –  1 )  (wh i te),  where  M i s  a  
posi ti ve  i n teger,  common ly cal l ed  the  b i t  depth .  Thus,  i f M =  8 ,  the  l argest pixel  value  i n  the  set  i s  255.  

3.7   
d ig i tized  image data   
two-d imensional  set  of pixel  values  derived  from  the  u l trasound  echo  s i gnals  that form  an  
ultrasound image 

3.8   
mean  pixel  value   
MPV 

mean  of pixel  values  d etected  over an  area  A  i n  a  phan tom  image,  where  A  i s  somewhat 
smal l er than  the  area  of a  ci rcle  of d iameter D  

Note  1  to  en try:  The  phrase  “somewhat l ess  than ”  i s  i n troduced  as  parti a l  compensati on  for the  parti a l  vol ume  
effect  i n  the  e l evational  d imension  [3] .   

Note  2  to  en try:  The  parti a l  vol ume effect i s  a  term  common  i n  CT and  MR imag ing ,  namely i f an  object  i s  smal l er 
than  the  s l i ce  th i ckness,  then  the  s i gnal  wi l l  i ncl ude  the  contribu tion  of that  obj ect  and  the  materia l  around  i t.  For 
example,  i f the  object  i s  a  sphere,  then  con tri bu tion  to  the  s i gnal  wi l l  occur from  materia l  surround i ng  the  sphere  
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and  i n  a  cyl i nder wi th  rad ius  equal  to  that  of the  sphere  and  perpend icu l ar to  the  s l i ce.  I n  the  u l trasound  case,  the  
s l i ce  corresponds  to  the  e l evati onal  beam  profi l e.  

3.9   
depth  in terval  
i n terval  i n  depth  of area  segments  i n to  wh ich  an  image area  is  subd ivided  for computation  of 
LSNRm -values  as  a  function  of depth   

Note  1  to  en try:  Experi ence  determ in ing  LSNR
m
-values  for n umerous  cases  has  l ed  to  the  conclus ion  that  a  5  mm- 

depth  i n terval  i s  adequate  for the  phan toms  con tain i ng  3 , 2  mm-d iameter and  4  mm-d iameter,  l ow-echo spheres,  
and  a  2  mm-depth  i n terval  i s  adequate  for the  phan toms  con tain i ng  2  mm-d iameter,  l ow-echo spheres.  

Note  2  to  en try:  The  maximum  depth  (depth  of fi e l d )  i s  the  sum  of a  set  of con ti guous  depth  i n terval s ;  thus ,  i f the  
depth  of fi e l d  i s  1 4  cm  and  each  depth  i n terval  spans  5  mm  =  0 , 5  cm ,  then  there  are  1 4  cm /0, 5  cm  =  28  depth  
i n tervals .  

Note  3  to  en try:  A rectangu l ar scan  area  wi l l  be  subd i vi ded  i n to  hori zontal  bands;  a  sector scan  area  wi l l  be  
subd i vi ded  i n to  annu l ar ri ng  segments,  the  angu lar l im i ts  being  determ ined  by the  sector ang le  [see  F i gu re  B . 2  d )] .  
Recti l i near projecti on  of these  area  segments  i n  the  e l evational  d i rection  wi l l  create  vol ume  segments  analogous  to  
s l abs  and  parti a l  cyl i nd ri cal  shel l s  wi th  th i ckness  equa l  to  the  depth  i n terval ,  respecti vely.  

Note  4  to  en try:  Depth  i n terval  i s  expressed  i n  m i l l imetres  (mm).  

3. 1 0   
detectabi l i ty  
numerical  va lue  quan ti fyi ng  the  probabi l i ty that a  human  observer wi l l  detect an  object i n  an  
image having  background  speckle  

3. 1 1   
lesion  signal -to-noise  ratio  for the  nth  low-echo sphere   
LSNRn  

numerical  value  quan ti fyi ng  the  detectabi l i ty  of a  macroscopical l y un i form,  l ow-echo  sphere  
i n  a  macroscopical l y un i form ,  surround ing-background  materia l  and  having  i ts  cen tre  i n  a  
vo lume segment determ ined  by a  g i ven  depth  in terval  i n  the  phantom  

Note  1  to  en try:  Low-echo  spheres  wi th  cen tres  l ocated  l ess  than  a  d i s tance,  2D,  from  a  l ateral  image  boundary 
are  excl uded .  

3. 1 2   
mean  l es ion  signal -to-noise  ratio   
LSNRm   

mean  va lue  of lesion  s ignal-to-noise  ratios  for low-echo  spheres  whose  centres  l i e  i n  a  
vo lume segment determ ined  by a  g i ven  depth  in terval  i n  the  phantom  

Note  1  to  en try:  Low-echo  spheres  wi th  cen tres  l ocated  l ess  than  a  d i stance,  2D,  from  a  l ateral  image  boundary 
are  excl uded .  

4 Symbols  

Symbol  Mean ing  Clause  

A  area  i n  an  image  p lane  selected  for calcu lation  of MPV 3 . 8  

BSCobj ,  BSCbkg  backscatter coefficien t  3 . 2  

D  l ow-echo  sphere  d iameter  3 . 4  

d i n teger for coun ting  depth  i n tervals   E. 1  

i,  j,  k i n tegers  correspond ing  to  rows  and  columns  and  the  
e levational  d i rection  of the  cubic  array,  respectively  

8 . 2  

i   ( i n  Annex F)  i ndex taking  va lues  1  or 2  to  i nd icate  one  s ide  or opposi te  
s i de  of a  phan tom ,  where  a  reflector i s  s i tuated   

Formu la  
(F. 1 )  
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Symbol  Meaning  Clause  

LSNRm   mean  l es ion  s i gnal -to-noise  ratio   3. 1 2  

LSNRn  l esion  s ignal - to-noise  ratio  for the  n th  low-echo  sphere  3. 1 1  

Md mean  of a l l  MPVs  wi th  centres  l yi ng  wi th in  volume segment ,  d,  

us ing  the  en ti re  image  set  

E. 1  

MPV mean  p ixel  value   3. 8  

(MPV) ijk  MPV at the  ijk-s i te  of the  cubic  array   8 . 2  

(MPV)n  =  SLn  MPV calcu lated  over area  A  centred  at  the  projection  of 
(xCMn ,  yCMn)  onto  the  image  plane  nearest  to  zCM  

   8 . 2  

N tota l  number of detected  l ow-echo spheres  wi th  centres  i n  the  
volume segment determ ined  by a  depth  i n terval   ( i ncl ud ing  
a l l  image  frames)  

   8 . 3 . 2  

 

n  i n teger for coun ting  l ow-echo  spheres   3 . 1 1  

P(u)  probabi l i ty of there  being  u  l ow-echo  sphere  centres  i n  an  

arbi trari l y chosen  1  m l  volume  
6 . 2. 4  

q exponent of the  frequency dependence  of the  backscatter 
coefficien t  

6. 3  

R i  and  Ni  mean  pixel  values  on  the  reflector s i de  and  non-reflector 
s i de  of phan tom  

Formula  
(F. 1 )  

SLn  =  (MPV)n  MPV calcu lated  over area  A  centred  at  the  projection  of 
(xCMn ,  yCMn)  onto  the  image  plane  nearest  to  zCM  

8 . 3. 2  

SmBn  mean  of a l l  MPVs  i n  the  speci fied  image p lane  whose centres  
are  wi th in  the  annu lus  defined  by rad i i  equal  to  (3/4)D  and  2D  
and  centred  at  the  coord inates  of SLn  

8 . 3 . 2  

SDd standard  deviation  of a l l  MPVs  wi th  centres  l ying  wi th in  
volume segment,  d,  us ing  the  en ti re  image  set   

E. 1  

xCMn ,  yCMn ,  zCMn  coord inates  of the  cen tre  of mass  of the  n th  l ow-echo  sphere  E. 1  

xn ,  yn  proj ections  on to  the  nearest image  p lane  of the  x-  and  y-  
coord inates  of the  centre  of mass  of the  n th  low-echo  sphere  
(xCMn ,  yCMn)  

8. 2  

v mean  number of l ow-echo sphere  centres  per m i l l i l i tre   6 . 2 . 4  

σBn  s tandard  deviation  of a l l  MPVs  con tribu ti ng  to  SmBn  8 . 3 . 2  

 

NOTE  Add i ti onal  symbols  used  on l y i n  re l ati on  to  F i gure  F . 4  are  defi ned  i n  the  text  below that  fi gu re.  

5 General  and  environmental  condi tions  

The manufacturer’s  speci fication  shou ld  a l l ow comparison  wi th  the  resu l ts  obtained  from  the  
tests  described  i n  th is  Techn ical  Speci fication .  
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Al l  measurements  shou ld  be  performed  wi th in  the  fol l owing  ambien t cond i ti ons:  

– temperature,  23  °C  ±  3  °C;  

– re lati ve  hum id i ty,  1 0  %  to  95  %;  

– atmospheric pressure,  66  kPa  to  1 06  kPa.  

Properties  of u l trasound  phantoms,  such  as  speed  of sound  and  attenuation  coefficien t,  can  
vary wi th  temperature.  Consu l t  the  speci fications  publ ished  by the  phantom  manufacturer to  
determ ine  whether the  expected  acoustic properties  are  main tained  under the  above  
environmental  cond i tions.  I f not,  the  environmental  cond i tions  over wh ich  expected  and  
reproducib le  resu l ts  can  be  obtained  from  the  phan tom  or test  object shou ld  be  adopted  for 
tests  described  be low.  

6 Equipment required  

6.1  General  

The test procedures  described  i n  th is  Techn ical  Speci fication  shou ld  be  carried  ou t us ing  
tissue-m im icking  phan toms wi th  dig i tized  image  data  acqu ired  from  the  u l trasound  scanner.  

6.2  Phantom  geometries  

6.2. 1  Phantoms for use  in  the  frequency range 2  MHz to  7  MHz 

The phantom  shou ld  a l l ow imag ing  to  a  depth  of at l east 1 6  cm  and  provide  for d isplay of the  
en ti re  B-scan  image  frame.  Low-echo spheres  shou ld  be  avai l able  for detectabi l i ty  
assessment over the  enti re  image frame and  the  d iameter of these  spheres  shou ld  be  

speci fied  by the  manufacturer wi th in  ±1  %.  The  mean  number of spheres  per un i t  volume  
shou ld  be  at  l east 1  per m i l l i l i tre,  bu t  the  volume fraction  consisting  of spheres  shou ld  not  
exceed  3, 3  %.  Scann ing  windows shou ld  provide  for con tact of the  en ti re  em i tti ng  surface  of 
the  transducer (active  area of a  transducer) ,  wh i l e  a l l owing  e levational  translation  of the  
transducer over a  sufficien t d istance  that  the  most l ikel y number of spheres  traversed  by the  
scan  p lane  at or near the  focal  d istance(s)  i s  25  or more  i n  a  5-mm  depth  i n terval .  
A low-echo  sphere  d iameter  between  3  mm  and  4  mm  is  recommended  for adequate  

performance  assessment i n  the  2  MHz to  7  MHz range.  

NOTE  One  l ow-echo  sphere  can  serve  as  two  such  spheres  i f total  i n ternal  refl ection  at  a  p l anar su rface  provi des  
an  i n dependent  image.  See  Annex A for an  example  of geometry.  

6.2.2  Phantoms for use  in  the  frequency range 7  MHz to  1 5  MHz includ ing  "micro-
convex"  arrays  

The phantom  shou ld  a l l ow imag ing  to  a  depth  of at  l east 1 0  cm  and  provide  for d isp lay of the  
en ti re  B-scan  image  frame.  Low-echo  spheres  shou ld  be  avai lable  for detectabi l i ty  
assessment over the  enti re  image frame and  the  d iameter of these  spheres  shou ld  be  

speci fied  by the  manufacturer wi th in  ±1  %.  The  mean  number of spheres  per un i t  volume  
shou ld  be  at l east 8  per m i l l i l i tre ,  bu t the  volume fraction  consisting  of such  spheres  shou ld  
not exceed  3, 3  %.  Scann ing  windows  shou ld  provide  for con tact  of the  en ti re  em i tting  surface  
of the  transducer wh i l e  a l l owing  e levational  translation  of the  transducer over a  sufficient  
d istance  that the  most l i kel y number of spheres  traversed  by the  scan  p lane  at or near the  
focal  d is tance(s)  i s  25  or more  in  a  2  mm-depth  in terval .  A low-echo  sphere  d iameter  
between  1  mm  and  2  mm  is  recommended  for adequate  performance  assessment i n  the  
7  MHz to  1 5  MHz range.  

NOTE  One  l ow-echo  sphere  can  serve  as  two  such  spheres  i f total  i n ternal  refl ection  at  a  p l anar su rface  provi des  
an  i n dependent  image.  See  F igure  D. 1  for an  example  of geometry.  
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6.2.3  Total  in ternal -reflection  surfaces  

For phan toms  wi th  l ow-echo  spheres  having  d iameters  of 3  mm  to  4  mm,  two paral l e l ,  p l ate-
g lass  surfaces  causing  tota l  i n ternal  refl ection  are  acceptable  i n  the  phantom ,  as  shown  in  
F igu res.  A. 1  and  A.2 .  For phantoms wi th  low-echo spheres  having  d iameters  of 1  mm  to  2  mm ,  
two para l l e l ,  p l anar,  a l um ina  surfaces  caus ing  tota l  i n ternal  refl ection  are  acceptable  i n  the  

phantom ,  as  shown  i n  F igure  D. 1 ;  a  su rface  roughness  of the  a lum ina  of 6  µm  or l ess  is  
sufficient.  

6.2.4  Spatial ly random  d istribution  of l ow-echo spheres  

Though  the  posi ti on ing  of l ow-echo  spheres  i n  the  phan tom  may be  precisel y defined ,  
manufacturing  costs  wi l l  l i kel y be  much  l ower i f the  spheres  are  spatia l l y random ly d istributed .  

The  spatia l l y random  d istribution  of l ow-echo  spheres  in  a  phan tom  is  cl osel y approximated  
by the  Poisson  probabi l i ty d i stribution  function ,   

 ( )
!u

ve
uP

uv−

=  (1 )  

where  

v   i s  the  mean  number of l ow-echo sphere  centres  per m i l l i l i tre .   

For example,  i f v  =  1  and  P(u)  i s  the  probabi l i ty of there  being  u  l ow-echo  sphere  centres  i n  an  

arbi trari l y chosen  1  m l  volume,  the  s tandard  deviation  i s  σ  =  v1 /2  =  1 .  

6.3  U l trasonic properties  of the  tissue-mimicking  (TM )  phantoms  

For any phan tom ,  the  fol lowing  u l trason ic property ranges  are  speci fi ed  to  appl y at 23  °C.  

NOTE  Property val ues  and  tolerances  speci fi ed  here  are  general l y s im i l ar,  bu t  not  i den ti ca l ,  to  those  speci fi ed  i n  
I EC 61 391 -1 : 2006  and  I EC 61 391 -2 : 201 0 .  

Mass  dens i ty:  (1 , 05  ±  0 , 02)  g  m l−1  

Attenuation  coefficien t d i vided  by the  frequency:  (0 , 50  ±  0 , 04)  dB  cm−1  MHz−1  for the  low-

echo  sphere  materia l  OR (0, 70  ±  0 , 04)  dB  cm−1  MHz−1  for the  background  materia l  
(surround ing  the  low-echo spheres)  AND  the  value  for the  low-echo sphere  materia l  shou ld  be  
wi th in  0 , 04  dB  cm−1  MHz−1  of the  background  va lue.  

Propagation  speed :  ( 1  540  ±  1 0)  m  s−1  

Backscatter coefficient  for the  2  MHz to  1 5  MHz case:  For the  background  materia l  3  ×  1 0 -4  

(sr cm)−1  ±  3  dB  at  3  MHz and  frequency dependence  of (frequency)q ,  where  3  ≤  q≤  4 ,  and  for 

the  l ow-echo sphere  materia l ,  no  h igher than  −20  dB  re lati ve  to  the  background  materia l .  

Long-term  stabi l i ty:  W i th  appropriate  atten tion ,  a  phantom  shou ld  main ta in  i ts  orig i na l  values  

of backscatter coefficient  wi th in  ±5  dB,  a ttenuation  coefficien t/frequency wi th in  ±8  % ,  

propagation  speed  ±1  %  and  dens i ty ±2  %  for at  least 5  years .  For water-based  ti ssue-
m im icking  materia ls  th is  requ i rement can  be  assured  via  period ic  mon i toring  of the  phan tom  
weigh t as  speci fi ed  by the  manufacturer.  When  the  weigh t has  decreased  by a  speci fied  
amount,  the  phantom  can  be  returned  to  the  manufacturer for transfusion  wi th  sufficien t 
aqueous  solu tion  to  return  the  phantom  to  i ts  weight  (and  presumabl y u l trason ic  properti es)  at  
the  time of manufacture.  
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7 Data acquisi tion  assuming  a  spatial ly random distribution  of low-echo 
spheres  

7. 1  Methodology 

The bas ic un i t  for data  acqu is i tion  for transducer types  a)  through  d )  of C lause  1  i s  a  d ig i ti zed  
gray-scale  image i nclud ing  the  enti re  selected  fie ld  of view.  Typical l y,  at  l east 8  b i ts  
(256  l evels)  of d isti nct  g ray l evels  are  real i zed .  For transducer types  e)  and  f)  of Clause  1 ,  
see  Annex K.  

NOTE  1  I t  i s  customary that  software  and  hardware  wi l l  be  made  avai l abl e  that  s impl i fy acqu is i ti on ,  record ing  and  
l ong -term  storage  of these  data.  

Figure  1  shows  a  flow chart  of the  methodology.  

The  measurement protocol  i nvolves  acqu i ring  images  wh i le  the  transducer under test  i s  
trans lated  i n  the  e levational  d i rection  over a  section  of the  speci fied  phan tom .  For those  
systems  i n  wh ich  the  beam  axes  correspond ing  to  the  image  frame l ie  i n  a  p lane  (defin ing  the  
"scan  p lane"),  the  transducer shou ld  be  held  i n  contact wi th  a  section  of the  scann ing  window 
(wi th  adequate  coupl i ng  gel )  by an  apparatus  wh ich  a lso  a l l ows  translation  i n  the  elevational  
d i rection ,  thereby a l l owing  acqu is i ti on  of image  frames  wi th  scan  p lanes  paral l e l  to  one  
another [7] .  

NOTE  2  E i ther the  transducer or the  phantom  can  be  translated .  

The maximum  translational  i ncrement between  acqu i red  frames  i s  a  function  of the  l ow-echo 
sphere  d iameter and  a l l ows  the  p lane  of symmetry (scan  p lane)  of at  least one  frame to  l i e  
wi th in  1 /8  of the  sphere  d iameter from  the  centre  of a  detected  sphere;  i . e.  the  maximum  
increment shou ld  be  equal  to  1 /4  of the  sphere  d iameter.   

NOTE  3  I f an  a l ternati ve  method  for determ ination  of l ow-echo  sphere  cen tres  were  shown  i n  a  peer-reviewed  
publ i cation  to  be  at  l east  as  accurate  as  the  method  i n  Cl ause  7  and  Annex E ,  and  a l ternati ve  software  were  a l so  
made  ava i l ab le  for computi ng  LSNR

m
-values  as  a  function  of depth ,  wh ich  agree  wi th  val ues  obtained  i n  reference  

[7] ,  then  employment of such  an  a l ternati ve  method  wou ld  not  be  i n  confl i ct  wi th  th i s  Techn ical  Speci fi cation .  
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Figure 1  – Flow chart  

7. 2  Storage of d ig i tized  image data   

Image  data  i n  a  DICOM  (D ig i ta l  Imag ing  and  Communications  i n  Med icine  [8] )  format are  
avai l able  on  most scanners.  Software  capable  of transferring  and  open ing  D ICOM-formatted  

IEC  

START  

END  

1 .  Acqu i ri ng  images  wh i l e  the  transducer under test  i s   
translated  i n  the  e l evational  d i recti on  over a  section  of  

the  speci fi ed  phantom  – 7 . 1  

2 .  Computati ng  mean  pixel  val ues  (MPVs)  by steppi ng   

a  square  area  A  i n  a  raster pattern  – 8 . 2  

3 .  Defi n i ng  (MPV)ijk  to  be  the  MPV at  the  ijk-s i te  i n  a   
cubic array – 8 . 2  

4 .  Determ in ing  coord inates  of cen tres  of a l l  detectabl e  
l ow-echo  spheres  i n  vol ume segments  determ ined   

by depth  i n tervals  – 8 . 3 . 1  

5 .  Determ in ing  means  and  standard  devi ations  of 
background  s i gnal  l evel s  i n  vo l ume segments   

determ ined  by depth  i n tervals  – 8 . 3. 1  

6 .  Computation  of mean  pi xe l  va l ues  (MPVn )  after re-
centeri ng  square  areas  A  at cen tres  of l ow-echo  
spheres  projected  on  nearest image  p lanes  – 8 . 2  

7 .  Computation  of the  LSNRn -values  i n  a  g i ven   

depth  i n terval  –  8 . 3 . 2  

8.  Computati ng  the  LSNRm-val ues  i n  a  g i ven   

depth  i n terval  –  8 . 3 . 1  

9 .  P lotti ng  of LSNRm-values  and  numbers  of  

l ow-echo  spheres  as  functions  of  

depth  i n  the  phantom  – Annex B   

1 0 .  I n terpretati on  of p l ots  of LSNRm-values  and   

numbers  of l ow-echo spheres  as   

functions  of d epth  – Annex J  
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images  is  avai lab le.  When  b i tmap images  are  avai lable  from  the  scanner,  those  a lso  can  be  
used .  Factors  described  i n  6. 4  of I EC  61 391 -2: 201 0  appl y.  

7.3  Dig i tal  image fi les  avai lable  from  the scanner i tself 

This  method  is  used  by most scanner manufactu rers  for i n -house  qual i ty-con trol  testing  and  
image-process ing  development.  Capabi l i ti es  exist  to  extend  the  method  for use  by cl in ica l  
personnel  us ing ,  for example,  fi l e- transfer protocol  (ftp)  resources.  Al ternativel y,  many 
scanners  provide  image  fi l es  on  removable  med ia ,  such  as  USB  thumb d ri ves,  magneto-
optical  d isks,  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 l able  on  many systems.  

7.4  Image arch iving  systems  

Many imag ing  centres  use  commercia l l y avai lable  P icture  Arch iving  and  Communication  
Systems  (PACS)  for viewing  and  storing  u l trasound  image data.  Manu facturers  of PACS  
systems usual l y provide  means  to  acqu ire  images  in  an  uncompressed  format,  such  as  a  ' t i ff'  
(Tagged  Image  F i l e  Format)  or a  D ICOM  (D ig i ta l  Imag ing  and  Communications  i n  Med icine  [8] )  
format,  by workstations  that have  access  righ ts  to  the  image  data.  

8 Automated  data analysis  for quanti fying  low-echo sphere detectabi l i ty 

8. 1  General  

Using  the  image data  obtained  as  described  i n  C lause  7  and  assum ing  neg l i g ible  grad ients  i n  
background  MPVs,  the  human-observer-related  detectabi l i ty  equals  the  mean  l esion  s ignal -
to-noise ratio  (LSNRm )  i n  each  one  of conti guous  volume segments  determ ined  by the  depth  
in tervals  spann ing  the  enti re  depth  range  avai l able  [3 ] ,  [7] .  

Recal l  from  Clause  3. 1 1  that the  l es ion  signal -to-noise  ratio  for the  nth  low-echo  sphere  
(LSNRn)  i s  a  numerical  va lue  quan ti fying  the  detectabi l i ty  of a  macroscopical l y un i form ,  l ow-
echo  sphere  i n  a  macroscopical l y un i form ,  surround ing-background  material ,  wi th  i ts  cen tre  
l yi ng  i n  a  volume segment determ ined  by a  g i ven  depth  in terval .  Low-echo  spheres  and  
background  materia l  have  i n trinsic  backscatter coefficients ,  namely,  BSCobj  and  BSCbkg ,  
respectivel y.  For a  spherical  i ncl us ion ,  LSNRn  has  been  defined  and  d iscussed  extensivel y [9 ] .   

NOTE  The  "obj ect  contrast"  i n  decibel s  equal s  1 0  l og
1 0  
[BSC

ob j
/BSC

bkg
] ,  and  th i s  val ue  i s  −20  dB  or l ower for the  

l ow-echo  spheres  i n  compari son  to  background  material  i n  the  speci fi cations  above.  Subscripts  L  (“Lesi on ”)  and  B  
(“Beads”)  are  speci al  cases  of subscri pts  “obj ”  and  “bkg ” ,  respecti vely.  

8.2  Computation  of mean  pixel  values  (MPVs)  

MPV,  as  defi ned  in  3 . 8,  i s  the  mean  of p ixel  va lues  detected  over an  area  A  i n  a  phantom  
image,  where  A  i s  somewhat smal l er than  the  area  of a  ci rcle  of d iameter D ;  th is  defi n i ti on  

a l l ows  for partia l  compensation  for the  partia l  volume effect i n  the  e levational  d imension  [3] .   

I n  th is  Techn ical  Speci fi cation  A  i s  a  square  wi th  s ide  2D/3  [3] .  For each  image  obtained  
accord ing  to  7 . 1 ,  a  set of MPVs  is  computed  over areas  A ,  s tepped  i n  a  raster pattern  i n  the  
image p lane,  wi th  cen tres  compris ing  a  s imple,  square  array and  nearest neighbour spacing  
of D/4 .  Thus,  for  al l  images  obtained  by trans lati ng  the  transducer under test i n  the  e levational  
d i rection  i n  successive  s teps  of D/4,  each  MPV i n  a  set  i s  associated  wi th  one  of the  s i tes  i n  a  

s imple  cubic array.  

Define  (MPV) ijk  to  be  the  MPV at the  ijk-s i te,  where  i,  j  and  k are  in tegers  and  (D/4) i  i s  the  x-
coord inate  value,  (D/4) j  i s  the  y-coord inate  value,  and  (D/4)k i s  the  z-coord inate  value  of the  
s i te .  Also,  i  and  j  correspond  to  rows  and  columns,  and  k to  the  e levational  d i rection ,  

respectivel y,  of the  cubic  array.  
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Next,  the  coord inates  (xCM ,  yCMn ,  zCMn )  of the  centres  of l ow-echo spheres  shou ld  be  
determ ined  (see  fi rst paragraph  i n  8. 3. 1  and  E . 1 ).  Then ,  for each  n ,  the  mean  pixel  value  i n  
the  image  plane  nearest  to  the  n th  low-echo  sphere  cen tres  for the  s i te  having  x-  and  y-
coord inates  equal  to  those  of the  centre  (xCMn  and  yCMn)  i s  computed ,  g ivi ng  rise  to  a  new set 

of MPV-values  (MPVn ,  a lso  des ignated  as  the  s i gnal  SLn) ;  i n  general ,  these  xn-  and  yn-  
coord inates  wi l l  not  coincide  wi th  the  coord inates  of any (MPV)ijk.  When  computing  these  
MPVn ,  the  on l y s i gn i ficant  pixels  l i e  wi th in  the  i nner ci rcle  shown  i n  F igure  2 ;  therefore  the  
cross-hatch ing ,  wh ich  otherwise  denotes  an  exclus ion  zone,  does  not appl y to  compu tations  
of MPVn .  See  a lso  Formu la  (2)  regard ing  the  role  of SLn .  

F igure  2  i s  a  schematic of an  image p lane  showing  the  specia l  case  of an  i n -p lane,  l ow-echo  
sphere  centre  ( ) ,  concentric  ci rcles  of rad i i  defined  i n  8 . 3 ,  and  examples  of stepping  square  

areas  A ,  de l i neated  for computing  mean  pixel  values  (MPV) ijk  that  are  assigned  to  the  array 

s i tes  (■ )  cen tred  i n  each  square.  

 

I n  F i gure  2  MPVs  at image-plane  s i tes  i n  the  cen tral  cross-hatched  area  

are  excluded  from  ca lcu lations  of the  background  means  and  s tandard  
deviations,  wh i le  MPVs  at image-plane  s i tes  i n  the  d iagonal l y hatched  
annu lus  are  i ncluded ,  un less  they are  wi th in  a  sphere  of rad ius  3D/4  
concentric wi th  a  d i fferent l ow-echo sphere  centre  (e. g .  at  l ower ri gh t)  or 
are  wi th in  l im i ts  (dashed  l ines)  ad jacent to  a  l i near-array or sector-scan  
image  boundary (vertica l  or obl i que,  fu l l  l i nes,  respectivel y)  – 8. 3 . 1 .  
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Key 

  (MPV) -array s i tes  (i, j, k)  i n  the  image  p lane  wi th  g ri d -spacing  D/4  – C l ause  7  

  n th  low-echo sphere  cen tre,  wh ich  i s  a l so  i n  the  image  pl ane  i n  th i s  special  case:   

 (x =  x
CMn

,  y =  y
CMn

,  z  =  z
CM n

) ;  i n  general  (x ≠  x
CMn

,  y ≠  y
CMn

,  z ≠  z
CMn

)  

The  i nner ci rcle  i s  a  l ow-echo sphere  boundary (physical ) ,  h avi ng  (speci al -case)  rad ius  D/2  at  i ts  i n tersecti on  wi th  

the  image  p l ane;  i n  general  the  i n tersection  rad i us  i s  ≤D/2  – see  3 . 4 .  

The  m idd le  ci rcle  (mathematical )  i n  the  image  pl ane  has  (specia l -case)  rad ius  3D/4;  i n  general  the  i n tersection  

rad ius  i s  ≤3D/4  – see  8. 3. 1 .  

The  ou ter ci rcle  (mathematical )  i n  the  image  pl ane  has  (special -case)  rad ius  2D ;  i n  general  the  i n tersection  rad ius  

i s  ≤2D – see  8. 3. 2 .  

The  fu l l - l i ne  squares  (examples)  denote  areas  A  i n  the  image  p lane,  having  s i des  of l ength  2D/3  and  used  to  

compute  (MPV)
i jk
-values  that  are  assigned  to  the  array s i tes  (■ )  at  the  centres  of those  squares  – see  8. 2 ;  when  

ci rcles  i n tersect  such  squares,  software  makes  choices  to  i ncl ude  or exclude  some pi xel s  (cross-hatch ing  i n d icates  
an  exclus ion  zone)  – see  8. 3.  

The  dashed -l i ne  square  (top)  denotes  the  previ ous,  s tepped  area  A  i n  the  image  pl ane  for computi ng  (MPV)
i jk
 – 

see  8. 2 .  

The  dotted -l i ne  square  (centre)  d enotes  area  A  i n  the  image  p l ane  for computi ng  MPV
n
 (excl us ion  and  cross-

hatch ing  are  not  appl i cab le)  – see  8. 3. 2 .  

The  ci rcu lar cross-hatched  area  ( l ower ri gh t)  has  rad ius  ≤3D/4  and  denotes  the  i n tersected  area  of the  image  pl ane  
wi th  the  “m idd le  ci rcle  (mathematical )”  su rround i ng  another,  ou t-of-p lane,  l ow-echo  sphere,  having  i ts  cen tre  at  z ≠  
z
CMn  – see  8. 3 . 1 .  

1   Verti cal ,  fu l l  l i n e  and  paral l e l  dashed  l i ne  denote  the  l ateral  boundary of a  l i near-array image  and  the  boundary 

of the  exclus ion  zone  of breadth  D/3  i d enti fi ed  by crosses  (X) .  

2   Obl i que,  fu l l  l i n e  and  paral l e l  dashed  l i ne  denote  the  l ateral  boundary of a  sector-scan  image  and  the  boundary 

of the  exclus ion  zone  of bread th  2 1 /2D/3  i d enti fi ed  by  crosses  (X);  the  chosen  bread th  of the  exclus ion  zone  i s  

dependent on  the  sector ang le  and  the  speci fi c  bread th  for a  90° -sector i s  shown .  

Al so  X  denotes a square array site that does not have an associated  (MPV)
ijk
 and  therefore does not contribute to calculations 

of S
mBn

 or σ
Bn

 in  Formula (2).  

Figure 2  – Schematic  of an  image  plane  
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8.3  Determination  of the  LSNRm-value  for a  g iven  depth  in terval  

8. 3. 1  Prel iminaries  

Firstl y,  the  Cartes ian  coord inates  of the  centres  of a l l  detectable  l ow-echo  spheres  i n  the  
volume segment determ ined  by the  depth  in terval  shou ld  be  determ ined .  A preferred  method  
for accompl ish ing  th is  i s  described  in  Clause  7  and  Annex E,  and  th is  i s  a l so  the  method  used  
i n  determ in ing  LSNRm -values  as  a  function  of depth  i n  other annexes.  

Second l y,  a l l  MPVs  that m ight be  s ign i fican tl y i n fl uenced  by the  presence  of a  neighbouri ng  
l ow-echo  sphere  shou ld  be  e l im inated  for computation of background means and standard 
deviations  i n  subclause  8. 3. 2 ;  that i s ,  for th is  computation ,  do  not use  any MPVijk  at  cubic  
array s i tes  that  l i e  wi th in  a  rad ius  equal  to  3D/4  of any l ow-echo  sphere  centre,  the  

coord inates  of wh ich  were  determ ined  accord ing  to  the  l ast paragraph  above.   

8.3.2  Computation  of the  LSNRn-values  and  LSNRm-value  in  a  g iven  depth  in terval  

The LSNRn  for the  n th  low-echo  sphere  i s  defi ned  by 

 
( )

n

nn
n

SS
LSNR

B

mBL

σ

−
=  (2)  

where,  i n  terms  of the  coord inates  of l ow-echo  sphere  centres  as  determ ined  in  Annex E  [7] ,  

SLn  i s  an  MPV (ca l l ed  MPVn  i n  last paragraph  of 8 . 2)  wi th  x-  and  y-coord inates  equal  to  xCMn  
and  yCMn ,  respectivel y,  for the  n th  sphere  and  z  (e levational )  coord inate  correspond ing  to  the  
image p lane  closest to  zCMn .  

SmBn  i s  the  mean  of a l l  MPVs  in  the  speci fied  image  p lane  whose  cen tres  are  wi th in  the  
annu lus  defined  by rad i i  equal  to  3D/4  and  2D  and  centred  at  the  coord inates  of SLn ;  see  8 . 3. 1  

and  F igure  2  for geometric cl ari ty.   

σBn  i s  the  s tandard  deviation  of a l l  MPVs  contributi ng  to  SmBn .  

The  LSNRm -value  for the  volume segment determ ined  by the  depth  in terval  i s  then  

 ∑
=

=
N

n

nLSNR
N

LSNR

1

m
1

 (3)  

where  

N i s  the  tota l  number of detected  l ow-echo  spheres  wi th  cen tres  in  the  volume segment 

determ ined  by the  depth  i n terval  ( i nclud ing  al l  image frames)  bu t  exclud ing  those  l yi ng  
wi th in  2D  of a  phantom  boundary (see  3. 1 1 ) .  

8.3.3  Standard  error corresponding  to  each  LSNRn-value  

The standard  error correspond ing  to  each  LSNRn-value  is  g i ven  by N
−1 /2  t imes  the  standard  

deviation  of the  LSNRn-values  correspond ing  to  the  depth  in terval  i nvolved .  
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Annex A 
(informative)  

 
Example of a  phantom for performance  testing  

in  the 2  MHz to  7  MHz frequency range  

Figures  A. 1  and  A. 2  below i l l ustrate  a  phantom  con tain ing  l ow-echo  spheres  that meets  the  
speci fications  in  th is  Techn ical  Speci fication .  F i gure  B. 1  shows  an  image  of a  prototype  
phantom  having  nearl y the  same d imensions  as  are  depicted  i n  F igures  A. 1  and  A. 2 .  A flat 
a lum ina  reflector exists  i n  p l ace  of one  of the  p late  g l ass  reflectors.  The  a lum ina  reflector has  
a  s l i gh tl y rough  surface,  g i ving  rise  to  d i ffuse  echoes  at  i ts  surface.  

 

Key 

1  7  cm  rad ius  of cu rvatu re  scan  window at  TM  materi al  boundary 

2  3  cm  rad ius  of cu rvatu re  scan  window at  TM  materi al  boundary 

3  anechoic sphere   

4  6  cm  ×1 1  cm  fl at  scann ing  window  

5  p l ate-g l ass  refl ector  

6  1  cm  th i ck acryl i c  p l ate   

7  background  material  wi th  speed  of sound  =  1  540  m  s−1  and  (attenuation  coeffi cien t)/frequency =   
0 , 5  dB  cm−1  MHz−1  and  one  4  mm  d iameter,  anechoic  sphere  per m i l l i l i tre  

Figure A. 1  – End  view of the  phantom  appl icable  for 2  MHz to  7  MHz showing  the 
spatial ly random  d istribution  of 4-mm  d iameter low-echo spheres   
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I n  F igure  A. 1  the  ends  of a  con ical  scann ing  window are  depicted  at  the  top  of the  phantom .  
The  fl at,  scann ing  window accommodates  l inear arrays,  phased  arrays  and  fl at  2-D  arrays  [2 ] .   

The  paral l e l  p late-g lass  rectang les  provide  −  via  tota l  i n ternal  refl ection  −  for extens ion  of the  
image outs ide  of the  volume occupied  by tissue-m im icking  material .  

 

 

Key 

1  anechoic  sphere  

2  6  cm  ×  1 1  cm  fl at  scann ing  window 

3  1  cm  th i ck acryl i c  p l ate  

4  p l ate-g l ass  refl ector 

5  background  material  wi th  speed  of sound  =  1  540  m  s−1  and  (attenuation  coeffi cien t)/frequency =   
0 , 5  dB  cm−1  MHz−1  and  one  4  mm  d iameter,  anechoic  sphere  per m i l l i l i tre  

Figure A.2  – Top  view of phantom  with  4  mm-d iameter,  low-echo  spheres   
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Annex B  
(informative)  

 
I l lustrations  of the  computation  of LSNRm-values  

as  a  function  of depth  

 

Figure  B. 1  – Convex-array image  of a  prototype  4  mm-diameter 
low-echo sphere phantom  for use  in  the  2  MHz to  7  MHz frequency range  

I n  F igure  B . 1  one  of the  p lane  reflectors  (on  the  l eft)  i s  a l um ina  i nstead  of p late  g l ass  and  a  
vertica l  l i ne  of e l evated  echoes  occurs  at the  s l i gh tl y rough  surface  of that a lum ina  p late.  A 
paral le l ,  3  mm-th ick,  p l ate-g lass  reflector exists  1 0  cm  to  the  ri gh t of the  a lum ina  p late.  The  
maximum  wid th  of the  sector image is  1 8 , 6  cm .  Rigorous  testi ng  for the  effecti veness  of e i ther 
p late  g lass  or a l um ina  p lates ,  regard ing  tota l  i n ternal  refl ection  and  the  effect of surface  
d i ffuse  scattering ,  i s  presented  in  Annex F .   

Figu res  B .2  through  B . 8  show auxi l i ary images,  and  resu l ts  of anal ys is ,  as  described  i n  more  
detai l  i n  the  fi gure  and  sub-fi gu re  captions.   
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a)  Cropped  image from  Figure  B. 1  wi th  the  vertical  
l i ne  of l ow-level ,  d i ffuse  echoes  at  the  fl at,  al umina  

plate’ s  surface  removed  

b)  Mapping  of MPVs  in  gray-scale  

c)  Sets  of 7  s i tes  i den ti fi ed  wi th  a  l ow-echo  sphere  
centre  i n  F igure  B. 1  

d )  5  mm-depth  i n terval s  d istingu ished  wi th  
d i fferen t gray l evels  

Figure B.2  – Auxi l i ary figures  relating  to  F igure  B. 1   

  

a)  Mean  LSNR (LSNR
m
) -values  as  a  function  of 

depth  as  determined  wi th  two independent sets  of 
25  images  corresponding  to  F igures  B. 1  and  B. 2  

b)  Number of l ow-echo sphere  centres  detected  
in  each  5  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3. 2 ,  read  LSNR
m
 for Mean  LSNR at  the  ord i nate  l abel  of the  l eft  g raph .  

Figure B.3  – Resu lts  corresponding  to  F igures  B. 1  and  B.2,  
demonstrating  reproducibi l i ty  
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I n  F igure  B . 4  a)  a l l  50  images  are  used  in  one  set;  such  use  i s  recommended .  F igure  B .4  b)  
shows  that  the  number of low-echo spheres  in  the  5  mm-depth  i n tervals  i n  the  focal  range  is  
about  25.  

 

  

a)  Mean  LSNR (LSNR
m
) -values  as  a  function  of 

depth  using  al l  50  images  corresponding  to  those  
i n  F igure  B.3  

b)  Number of l ow-echo sphere  centres  detected  
in  each  5  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3. 2 ,  read  LSNR
m
 for Mean  LSNR at  the  ord i nate  l abel  of the  l eft  g raph .  

Figure B.4 – Resu lts  corresponding  to  F igures  B. 1 ,  B .2  and  B.3    

 

 

Figure  B.5 – One of 80  paral lel  l inear-array images  of the  phantom  
contain ing  4 mm-d iameter,  l ow-echo spheres,  at  4  MHz with  focus  at 3  cm  
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I n  F igure  B. 6  the  g reen  x's  i den ti fy the  determ ined  cen tres  of the  low-echo  spheres  identi fi ed  
wi th  the  respective  images.  Where  there  i s  no  x,  the  l ow-echo  sphere  centre  was  i den ti fied  
wi th  a  nearby image.  

I n  F igure  B. 7  the  image  set 1  to  40  i s  i ndependent of the  image  set 41  to  80 .  The  agreement 
for the  two  sets  of data  p lotted  i n  panel  a)  i s  reasonable  bu t  shou ld  be  better.  Panel  b)  shows 
the  mean  number of low-echo spheres  i n  a  depth  i n terval  i s  abou t 7 .  

 

Figure B.6  – Three  successive images  of the  set of 80,  separated  by D/4  equal  to  1  mm  

  

a)  Mean  LSNR (LSNR
m
) -val ues  as  

a  function  of depth  

b)  The  number of l ow-echo spheres  detected  
i n  each  5  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3 . 2 ,  read  LSNR
m
 for Mean  LSNR at  the  ord i nate  l abel  of the  l eft  g raph .  

Figure B.7  – Resu l ts  for the  4 cm-wide,  3  cm-focus,  
l inear array addressed  in  Figures  B.5  and  B.6   

I n  F igure  B. 8  a)  the  curve-fi t  i s  much  better for the  doubl ing  of the  number of low-echo 
spheres  per cen timetre  depth  i n terval .  Doubl ing  the  number of detected  low-echo spheres  i n  
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the  3  cm-focal  zone  wou ld  better defi ne  the  m in imum  (most negative)  value  of the  LSNRm ,  bu t  

the  l im i ted  area  of the  window i n  th is  phan tom  precluded  obtain ing  more  than  80  images.  

 

  

a)  Mean  LSNR (LSNR
m
)-values  

as  a  function  of depth  

b)  The  number of low-echo spheres  detected  
i n  each  5  mm-depth  i n terval  i s  shown  

I n  the  notation  adopted  i n  8 . 3. 2 ,  read  LSNR
m
 for Mean  LSNR at  the  ord i nate  l abel  of the  l eft  g raph .  

Figure  B.8  – Resu lts  for the  4 cm-wide,  3  cm-focus,  l inear array addressed  in  
Figures  B.5,  B.6  and  B.7,  using  al l  80  image frames  corresponding  to  Figure B.7   
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Annex C  
(informative)  

 
Sufficient number of data images  to assure  

reproducibi l i ty of resul ts  

C.1  General  

I n  Annex C  evidence  is  g iven  that  the  m in imum  number of data  images  needed  to  assure  
adequate  accuracy of LSNRm -values  i s  abou t 25  i n  the  focal  zone.  Reproducibi l i ty us ing  

i ndependent (non-overlapping)  parts  of the  phan tom  is  assessed .  

C.2  Phantom wi th  low-echo  sphere d iameter 3, 2  mm,  having  2  spheres  per 
mi l l i l i tre 

The fi rst example  is  for a  l inear array operating  at 4  MHz wi th  a  focus  at 3  cm .  The  elevational  
i n terval  between  images  i s  D/4  =  3 , 2  mm/4  =  0 , 8  mm .  An  image  i s  shown  i n  F igure  C. 1 .  
Resu l ts  for two  cases  i n  wh ich  there  is  no  overlap  between  imaged  volumes  are  shown  in  
F igu re  C.2 .  Both  sets  contain  70  images  correspond ing  to  a  net  el evational  d isp lacement of 

70  ×  0 , 8  mm  =  5, 6  cm .  Here  the  mean  number of l ow-echo  sphere  cen tres  per 5  mm-depth  
in terval  i s  abou t 1 5,  i nstead  of 25,  bu t  reproducib i l i ty i s  s ti l l  good .  F igu re  C.3  shows  the  resu l t 
when  the  enti re  1 40  images  are  used  and  the  average  number of l ow-echo  sphere  centres  per 
volume  segment determ ined  by the  depth  i n terval  i s  abou t  30 ;  the  cu rve  fi t  i s  excel l ent  

i nd icati ng  excel lent reproducibi l i ty.  The  net el evational  d isp lacement is  1 40  ×  0 , 8  mm  =  
1 1 , 2  cm .  

 

 

Figure C. 1  – One image  obtained  from  a  phantom  contain ing  3,2  mm-diameter,  
low-echo spheres  by using  a  4  MHz l inear array focused  at 3  cm  
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a)  Mean  LSNR (LSNR
m
) -values  as  

a  function  of depth  
b)  Number of l ow-echo sphere  centres  detected  

in  each  5  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3 . 2 ,  read  LSNR
m
 for Mean  LSNR at  the  ord i nate  l abel  of the  l eft  g raph .  

Figure C.2  – Reproducibi l i ty resu l t  for two independent  sets  of 70  images  wi th  a  mean  
number of l ow-echo sphere  cen tres  that  i s  about 1 5  per 5  mm-depth  in terval  

I n  F igure  C. 3  b)  the  number low-echo  spheres  per 5  mm-depth  i n terval  at  the  focal  depth  i s  
about 25,  correspond ing  to  the  recommended  number i n  6. 2 . 1 ,  and  the  cu rve-fi t  i n  a)  i s  good ,  
as  expected .  

  

a)  Mean  LSNR (LSNR
m
) -values  as  

a  function  of depth  
b)  Number of l ow-echo sphere  centres  detected  

in  each  5  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3 . 2 ,  read  LSNR
m
 for Mean  LSNR at  the  ord i nate  l abel  of the  l eft  g raph .  

Figure C.3  – Resu lts  obtained  by using  both  sets  of 70  i ndependent  
images  correspond ing  to  Figure  C .2   

The next reproducibi l i ty s tudy i nvolves  a  convex array operating  at  4 , 5  MHz and  i l l ustrates  the  
abi l i ty to  d i fferen tiate  performance  for d i fferen t focusing  choices.  F igure  C. 4  shows  an  image  
wi th  mu l tip le  foci  at  4  cm ,  8  cm  and  1 2  cm ;  F igure  C. 5  shows  the  correspond ing  
reproducib i l i ty resu l ts.  F i gure  C. 6  shows  reproducibi l i ty resu l ts  correspond ing  to  a  s ing le,  
deep focus  at 1 0  cm ,  whereas  F igure  C. 7  corresponds  to  a  s i ng le ,  shal low focus  at 4  cm .  
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Figure C.4 – Sector image (curved  array)  at  4,5  MHz wi th  multiple  foci  at  4  cm,  
8  cm  and  1 2  cm  depths;  the  low-echo spheres  are  3,2  mm  in  d iameter 

I n  F igure  C. 5  a)  reproducibi l i ty i s  excel l en t at a  mean  number of l ow-echo sphere  cen tres  per 
5  mm-depth  i n terval  of 25.  The  lateral  focus ing  at  8  cm  and  1 2  cm  is  barely evident,  focusing  
presumabl y being  strong ly dom inated  by fixed  e levational  focus ing  at  abou t 4  cm  depth .  

 

  

a)  Mean  LSNR (LSNR
m
)-values  

as  a  function  of depth  

b)  The  number of l ow-echo spheres  detected   
i n  each  5  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3. 2 ,  read  LSNR
m
 for Mean  LSNR at  the  ord i nate  l abel  of the  l eft  g raph .  

Figure C.5  – Reproducibi l i ty resu l ts  for a  mu l tiple-lateral -focus  
(4  cm ,  8  cm  and  1 2  cm)  case  corresponding  to  F igure C.4   

I n  F igure  C.6  a)  reproducibi l i ty i s  excel l en t at  a  mean  number of l ow-echo sphere  cen tres  per 
5  mm-depth  i n terval  of 25.  The  l atera l  focus ing  at 1 0  cm  is  not evident,  focus ing  presumabl y 
being  s trong l y dom inated  by fixed  elevational  focusing  at abou t 4  cm  depth .  Notice  that there  
i s  a  d istinction  between  these  resu l ts  and  the  mu l tip le-focus  case  in  F igure  C. 5,  namely a  

shal l ower m in imum  of LSNRm  a t  about −7, 9  i nstead  of about  −8,7  for the  mu l tip le-focus  case.  
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a)  Mean  LSNR (LSNR
m
) -values  as  

a  function  of depth  
b)  Number of l ow-echo sphere  centres  detected  

in  each  5  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3 . 2 ,  read  LSNR
m
 for Mean  LSNR at  the  ord i nate  l abel  of the  l eft  g raph .  

Figure  C.6  – Reproducibi l i ty resu l ts  for the  case corresponding  to  F igure C.5,  
except that there is  a  sing le  focus  at  1 0  cm  depth   

I n  F igure  C.7  a)  reproducibi l i ty i s  excel l en t at a  mean  number of l ow-echo sphere  cen tres  per 
5  mm-depth  i n terval  of 25.  The  1 0  cm -  and  4  cm-focus  cases  are  a lmost i nd isti ngu ishable,  the  
4  mm  case  having  a  s l i gh tl y deeper m in imum  (negative  value) .  

  

a)  Mean  LSNR (LSNR
m
) -val ues  as  

a  function  of depth  

b)  Number of l ow-echo sphere  cen tres  detected  
i n  each  5  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3 . 2 ,  read  LSNR
m
 for Mean  LSNR at  the  ord i nate  l abel  of the  l eft  g raph .  

Figure  C.7  – Reproducibi l i ty resu l ts  for the  case corresponding  to  F igure C.5,  
except that there is  a  s ing le  focus  at  4  cm  depth   

C.3  Phantom wi th  2  mm-diameter,  low-echo spheres  and  8  spheres  per 
mi l l i l i tre 

Figure  C. 8  shows  an  image  of the  phantom  con tain ing  2  mm-d iameter,  l ow-echo  spheres,  
made  wi th  a  curved  array having  1 , 5  cm  rad ius  of curvature,  wi th  i ts  focus  at  3  cm .  The  C8-5  
transducer designation  impl ies  that the  pu lse  spectrum  l i es  i n  the  5  MHz to  8  MHz range.   
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Figure C.8  – Image  of the  phantom  contain ing  2  mm-d iameter,  low-echo spheres,  made 
with  a  curved  array having  1 ,5  cm  rad ius  of curvature,  wi th  i ts  focus  at  3  cm   

Figu res  C. 9  and  C. 1 0  show correspond ing  reproducibi l i ty resu l ts.  (See  Annex D  for d iagrams 
of th is  phantom . )  

Al though  LSNRm  reproducibi l i ty i s  reasonable  i n  F igure  C.9  a),  the  plotted  poin ts  are  spread  

more  than  des ired  and  error bars  are  rather l arge.  Images  1  to  50  are  i ndependent of images  
51  to  1 00 .  Note  from  panel  b)  that the  number of l ow-echo  spheres  detected  per 2  mm-depth  
i n terval  in  the  focal  range  i s  about  1 5,  wh ich  is  fewer than  the  recommended  m in imum  of 25.   

  

a)  Mean  LSNR (LSNR
m
) -val ues  as  

a  function  of depth  

b)  Number of low-echo sphere  centres  detected  
i n  each  2  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3 . 2 ,  read  LSNR
m 
for Mean  LSNR at  the  ord i nate  l abel  of the  l eft  g raph .  

Figure  C.9  – Reproducibi l i ty resu l ts  corresponding  to  F igure  C .8  
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I n  F igure  C. 1 0  a)  the  number of l ow-echo  spheres  per depth  i n terval  in  the  focal  reg ion  ( 1  cm  
to  1 , 5  cm  depth  range)  i s  abou t 30.  The  number of detected ,  l ow-echo  spheres  per 2  mm-
depth  in terval  in  the  depth  range  2 , 5  cm  to  3 , 5  cm  is  l ess  than  20,  comprom ising  the  accuracy 
i n  that range.  

  

a)  Mean  LSNR (LSNR
m
) -values  as  

a  function  of depth  
b)  Number of l ow-echo sphere  centres  detected  

in  each  2  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3 . 2 ,  read  LSNR
m 
for Mean  LSNR at  the  ord i nate  l abel  of the  l eft  g raph .  

Figure C. 1 0  – Resu l ts  using  al l  1 00  images  in  the  image set that  gave  ri se  to  F igure  C.9  

Figure  C. 1 1  shows  an  image  of the  phantom  conta in ing  2  mm-d iameter,  l ow-echo  spheres,  
made  wi th  a  h i gh-frequency (1 5  MHz)  l i near array,  l a teral l y focused  at  4  cm .  F igures  C. 1 2  
and  C. 1 3  show correspond ing  reproducibi l i ty resu l ts .  

 

Figure  C. 1 1  – Image of the  phantom  contain ing  2  mm-d iameter,  low-echo spheres,  made 
with  a  h igh-frequency (1 5  MHz)  l inear array,  lateral ly focused  at  4  cm  
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I n  F igure  C. 1 2  a)  images  1  to  1 00  are  independent of images  1 01  to  200.  Reproducibi l i ty i s  
demonstrated  wi th  abou t 35  detected  l ow-echo spheres  per 2  mm-depth  i n terval  i n  the  focal -
depth  range,  wh ich  again  is  at the  elevational  focus  of about 1 , 5  cm .  

  

a)  Mean  LSNR (LSNR
m
) -values  as  

a  function  of depth  
b)  Number of l ow-echo sphere  centres  detected  

in  each  2  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3 . 2 ,  read  LSNR
m 
for Mean  LSNR at  the  ord i nate  l abel  of the  l eft  g raph .  

Figure  C. 1 2  – Reproducibi l i ty resu l ts  corresponding  to  Figure  C. 1 1  

I n  F igure  1 3  b)  the  number of low-echo  spheres  per 2  mm-depth  in terval  i n  the  focal  reg ion  
(1  cm  to  1 , 5  cm  depth  range)  i s  about 70 .   

  

a)  Mean  LSNR (LSNR
m
) -values  as  

a  function  of depth  
b)  Number of low-echo sphere  centres  detected   

i n  each  2  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3. 2 ,  read  LSNR
m 
for Mean  LSNR at  the  ord i nate  l abel  of the  l eft  g raph .  

Figure C. 1 3  – Resu lts  using  al l  200  images  in  the  image set that  gave  rise  to  F igure C. 1 2   
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Annex D  
(informative)  

 
Example of a  phantom for performance  testing  

in  the  7  MHz to 1 5  MHz frequency range  

Figure  D. 1  i l l ustrates  a  phan tom  contain ing  low-echo  spheres,  wh ich  meets  the  speci fications  
i n  th is  Techn ical  Speci fication .  F i gure  D . 2  shows  an  image  made wi th  the  phantom ,  i n  wh ich  
l ow-echo  spheres  are  clearl y vis ib le  as  b lack spots  wi thou t i n ternal  refl ections .  
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Key 

1  3 , 5  cm  rad ius  of cu rvatu re  

2  0 , 5  cm  rad ius  of cu rvatu re  

3  6-mm  th ick acryl i c  p l ate  

4  fl at  scann ing  wi ndow 

5  p l ate-g l ass  refl ector 

6  a l um ina  refl ector 

7  2 -mm  d iameter anechoic spheres  (8  per m i l l i l i tre)   

Figure  D. 1  – End- and  top-view d iagrams  of the  phantom  contain ing  2  mm-diameter,  
low-echo spheres  for use  i n  the  7  MHz to  1 5  MHz frequency range   

This  prototype  phantom  was  produced  wi th  one  p late-g lass  reflector and  one  para l l e l ,  a lum ina  
(Al2O3)-plate  reflector.  The  a lum ina  reflector has  a  very h igh  dens i ty and  acoustic propagation  
speed ,  provid ing  tota l  i n ternal  refl ection  for ang les  of i ncidence as  smal l  as  1 6° ,  as  compared  
to  about 30°  for g lass.  

I n  F i gure  D. 2  the  C8-5  transducer des ignation  impl ies  that the  pu lse  spectrum  l i es  in  the  
5  MHz to  8  MHz range.  The  vertica l  set  of echoes  occur at the  surface  of the  al um ina  reflector.  
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Figure D.2  – Image  obtained  by using  the phantom  contain ing  2  mm-diameter,  low-echo  
spheres  and  a  ped iatric  transducer wi th  a  rad ius  of curvature  of about 1 ,5  cm  
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Annex E  
(informative)  

 
Determination  of low-echo sphere posi tions  

to  wi th in  D/8  in  x,  y  and  z  Cartesian  coordinates  

E.1  Procedure  

With  reference  to  3 . 9 ,  defin ing  depth  in terval ,  F i gure  1  and  F igu re  B . 2  d ) ,  the  determ ination  
of l ow-echo  sphere  posi ti ons  to  wi th in  D/8  i n  x,  y  and  z  Cartesian  coord inates  can  be  
accompl ished  via  the  fol l owing  steps  [7 ] ,  repeating  for a l l  va l ues  of n .  

NOTE  The  subscri pt  i n dex n  i s  suppressed  i n  Annex E .  

1 )  For each  d ig i ti zed  image  and  for each  volume segment determ ined  by the  depth  in terval ,  
d,  compute  the  mean  Md  and  standard  deviation  SDd of a l l  MPVs  wi th  cen tres  l ying  wi th in  
each  volume segment ,  u s i ng  the  en ti re  image set.  

2)  For each  MPVijk,  i denti fy s ix nearest  MPVs  and  determ ine  whether a l l  seven  MPVs,  
i nclud ing  i tsel f,  are  at  l east 1 , 5  standard  deviations  below the  mean  establ i shed  i n  s tep  1 .  
Each  such  set of seven  MPVs  i s  taken  to  be  associated  wi th  a  s i ng le  l ow-echo sphere.  
See  E. 2 .  

3)  Typical l y,  a  set of seven  MPVs  determ ined  in  s tep  2  wi l l  have  common  pos i tions  wi th  other 
such  sets  of seven  MPVs  found  in  step  2 .  Associate  a l l  such  sets  wi th  one  l ow-echo  

sphere.  

4)  For sets  of seven  MPVs  correspond ing  to  s tep  3 ,  compute  the  best estimate  for the  
pos i tion  of the  l ow-echo  sphere  centre  by computing  the  Cartesian  coord inates  of the  
"cen tre  of mass"  (xCM ,  yCM  and  zCM )  as  i n  Formu lae  (E . 1 ) ,  (E . 2)  and  (E. 3).  
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where  

d   i s  a  runn ing  i n teger denoting  the  depth  in terval  of i n terest,  d  =  1 ,  2 ,  3  …  .  

D   i s  the  d iameter of the  l ow-echo  spherical  i nclus ions,  as  defined  i n  3 . 4 ;  
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Md   i s  the  mean  of a l l  MPVs  wi th  cen tres  l ying  wi th in  a  volume segment ,  d eterm ined  
by the  depth  in terval ,  d,  u s ing  the  en ti re  image  set,  as  defi ned  above;  

(MPV) ijk   i s  the  MPV at the  ijk-s i te,  as  defined  in  8. 2.  

E.2  Argument for the choice of seven  MPV nearest-neighbour si tes  for 
determining  the centres  of low-echo  spheres  

Given  that the  s i tes  i nvolved  shou ld  approximate  a  sphere  wi th  a l l  s i tes  l ying  i ns ide  a  sphere  
of d iameter D  and  al l  s i tes  are  at  least  1 , 5  standard  deviations  (SDd)  below the  mean  (Md)  of 
a l l  MPVs  wi th  cen tres  l yi ng  wi th in  the  volume segment determ ined  by the  depth  in terval  d  

(see  steps  1  and  2  i n  Annex D) ,  the  poss ib i l i ties  are  

1 )  a  s ing le  s i te,  

2)  e ight s i tes  at the  corners  of a  cube  wi th  s i de  D/4,  

3)  seven  s i tes  defin ing  the  cen tre  and  corners  of a  tetrahedron  (as  employed),  

4)  n ine  s i tes ,  one  at  the  cen tre  and  e igh t on  the  corners  of a  cube  wi th  s i de  D/2.  

A s ing le  s i te  (option  1 )  i s  unacceptable  because  random  fl uctuations  i n  the  background  
speckle  wou ld  trigger an  overwhelm ing  number of fa lse  posi ti ves.  

Option  2  i s  a  possib le  choice  wi th  the  greatest  d istance  between  two  s i tes  (at  opposi te  
corners  of the  cube)  being  (3/1 6)1 /2  D  =  0 , 43  D .  

For option  3  (the  one  used  i n  the  software) ,  the  maximum  d istance  between  s i tes  is  D /2,  

s l igh tl y g reater than  for option  2 .  

The  maximum  d istance  between  s i tes  for option  4  i s  (3/4)1 /2  D  =  0 , 87  D.  Th is  d istance  is  

cons idered  to  be  too  l arge  when  cons idering  fin i te  beam  wid ths  i n  the  l ateral  and  e levational  
d imensions  and  fi n i te  pu lse  l eng th  i n  the  axial  d imension  – p lus  partia l  volume effects  due  to  
the  spherical  geometry of the  l ow-echo i nclus ions  and  the  s tatistica l  nature  of the  speckle  

pattern ;  thus,  i t  i s  un l ikely that the  MPVs  at  a l l  8  corner s i tes  wou ld  be  less  than  Md  −  1 , 5  SDd  

for l ess  detectable  l ow-echo  spheres.  

Using  option  3 ,  i t  was  found  that the  number of l ow-echo  spheres  detected  in  any volume 
segment determ ined  by the  depth  in terval  g eneral l y agrees  wi th  the  mean  number expected .  
Thus,  a lmost  al l  spheres  detected  by human  observers  i n  the  image sets  were  detected  by the  
software.  Option  2  m ight be  addressed  i n  fu ture  work for comparison  wi th  option  3.  
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Annex F  
(informative)  

 
Test of total  internal  reflection  produced  by alumina  

and  plate-glass,  plane reflectors  

To test the  effectiveness  of the  p late-g lass  and  a l um ina  reflectors  at producing  tota l  i n ternal  
refl ection  such  that  – for sufficien tl y smal l  ang les  of i ncidence  (90°  being  perpend icu lar 
i ncidence)  – mode conversion  to  shear waves  or Rayleigh  waves  does  not  occur,  a  phan tom  
was  constructed  wi th  paral l e l  a l um ina  and  p late-g lass  reflectors  at  opposi te  ends.  The  
phantom  was  fi l led  wi th  ti ssue-m im icking  background  materia l  (no  low-echo  spheres).  The  
surfaces  of the  vertical  p l ates  were  abou t 23  cm  apart,  and  two  scann ing  windows  existed  on  
the  top  of the  phantom .  One scann ing  window had  a  1  cm  rad ius  of curvature  (ROC),  hal f-
cyl indrica l  shape centred  5  cm  from  the  p late-g lass  reflector and  the  other was  flat and  had  

d imensions  5  cm  ×  1 0  cm  wi th  i ts  centre  l i ne  5  cm  from  the  al um ina  reflector.  The  curved  
window provided  for coupl i ng  of a  1  cm  ROC curved  array wi th  a  sector ang le  of abou t  1 53°  
and  the  fl at  wi ndow a l lowed  coupl i ng  of a  phased  array wi th  a  sector ang le  of about 90° .  Thus,  
images  cou ld  be  created  in  wh ich  on l y one  reflector was  involved  and  the  other s ide  of the  
phantom  consisted  en ti re l y of ti ssue-m im icking  materia l .  

NOTE  1  The  a l um ina  refl ector i n  the  phan tom  described  had  a  su rface  roughness  of 6  µm,  accord ing  to  the  
manufacturer.  

Regard ing  the  ti ssue-m im icking  materia l  i n  the  phantom ,  the  componen t materia ls  were  the  
same as  i n  the  phantoms  con tain ing  low-echo  spheres,  except that  the  volume percentage  of 
3: 1  u l tra-fi l tered  m i lk  was  reduced  by a  factor of 4 /5  to  yie ld  an  (attenuation  
coefficien t)/frequency va lue  of α/f ≈  0 , 39  dB  cm −1  MHz−1  i nstead  of 0 , 5  dB  cm−1  MHz−1 ,  so  
that the  penetration  depth  was  greater,  assuring  avai l abi l i ty of su fficient data  for anal yses.  
Measurements  were  carried  ou t at 22  °C  and  5  MHz us ing  a  previous l y described  
procedure  [1 0] .  The  propagation  speed  was  c  =  1  539  m  s−1 ,  and  α/f =  0 , 39  dB  cm−1  MHz−1 .  

An  average  over 1 0  images  obta ined  by us ing  the  phased  array i s  shown  in  F igure  F . 1 .  Two  
rectangu lar areas  1 0  mm  wide  represent  areas  where  mean  p ixel  va lues  over 5  mm  vertica l  
depth  increments  were  computed .   

NOTE  2  The  mean  pi xel  val ue  i n  Annex F  does  not  refer to  MPV defined  i n  3 . 8.  

The two  rectang les  have  equal  d imensions  and  are  at the  same pos i ti ons  vertical l y;  however,  
one  i s  j ust to  the  l eft  of the  vertical  l i ne  of bare l y vis ib le,  d i ffuse  reflections  aris i ng  at the  
surface  of the  p late-g lass  reflector ( l eft s ide  i n  the  image),  and  both  rectang les  are  d isplaced  
by the  same d istance  from  the  vertica l  axis  of symmetry of the  image.  Thus,  i f tota l  i n ternal  
reflection  were  perfect – and  the  imag ing  were  perfect,  then  graphs  of the  mean  p ixel  va lues  
over 5  mm  vertica l  depth  i ncrements  versus  vertica l  depth  wou ld  be  i dentica l .  S ince  there  may 
be  asymmetry of the  phased  array sensi ti vi ty,  the  two graphs  may not  be  i den tical .  Thus,  the  
transducer was  rotated  1 80°  abou t a  vertical  axis  and  another set of 1 0  images  was  obtained  
and  averaged .  Wi th  rotation  of the  transducer,  the  p late-g lass  reflector appears  on  the  ri ght  
s i de  of the  image.  

F igure  F . 2  shows graphs  of the  mean  p ixe l  values  for the  left  and  right  rectang les.  Note  that  
the  mean  p ixe l  values  over 5  mm  deep rectang les  are  zero  except between  about 5  cm  and  
1 6  cm  (vertica l  d istances).  F i gu re  F. 3  shows  the  correspond ing  graphs  after rotation  of the  
transducer.  

I n  F i gure  F. 1  the  p late-g lass  reflector i s  on  the  left  (fa in t  vertical  l i ne  of d i ffuse  reflections  at 
the  surface  of the  reflector).  Green  rectang les  show where  mean  p ixe l  va lues  were  computed  
over 5  mm  vertica l  i ncrements.  
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Figure F . 1  – Average  of 1 0  images  obtained  by using  a  phased  array 

 

The  ord i nate  l abel  i s  mean  pi xel  va l ue,  and  the  abscissa  l abe l  i s  verti cal  d epth .  P i xel -value  s tandard -devi ation  bars  
for each  5  mm-depth  i n terval  are  a l so  shown.  

Figure F .2  – Plot of the  data wi th  blue  data  computed  i n  the  l eft  rectangle  
in  F igure F. 1  and  red  data computed  in  the  righ t rectangle  
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The  ord i nate  l abel  i s  mean  pi xel  va l ue,  and  the  abscissa  l abe l  i s  verti cal  d epth .  P i xel -value  s tandard -devi ation  bars  
for each  5  mm-depth  i n terval  are  a l so  shown.  

Figure  F .3  – Plot of the  data when  the reflector is  on  the  right s ide wi th  blue  computed  
in  the  l eft  rectangle  and  red  computed  in  the  right rectang le   

The percentage  by wh ich  the  mean  p ixel  va lues  resu l ti ng  from  reflections  d i ffer from  the  mean  
pixe l  va lues  not  i nvolving  reflections,  where  asymmetry of transducer sensi ti vi ty i s  corrected ,  
can  be  derived  from  the  data  in  F igures  F . 2  and  F. 3  us ing  Formu la  (F. 1 ).  The  resu l ts  appear 
i n  F igu re  F. 4 .  
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where  

Ri  and  Ni  are  the  mean  p ixel  va lues  on  the  reflector s ide  and  non-reflector s ide,  respectivel y,  
and  i  =  1  corresponds  to  the  reflector being  on  one  s i de,  and  i  =  2  corresponds  to  the  reflector 
being  on  the  other s i de.  
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Asymmetry of transducer sensi ti vi ty has  been  corrected  us ing  the  data  i n  F i gures  F . 2  and  F . 3  and  Formu la  (F . 1 ).  
The  ord i nate  l abel  i s  d i fference  (%),  and  the  abscissa  l abel  i s  verti cal  d epth  (cm).  

Figure F .4 – The  percentage by wh ich  the mean  pixel  values  resu l ting  from  reflections  
d i ffer from  the mean  pixel  values  not involving  reflections   

What i s  add ressed  i n  F igure  F. 4  is  the  smal l  con trast  between  the  mean  p ixel  va lue  (corrected  
for transducer asymmetry)  wi th  the  reflector involved  (CMPVr)  and  the  mean  p ixel  va lue  
(corrected  for transducer asymmetry)  wi thou t i nvolvement of the  reflector (CMPVo) .  The  

re lation  between  CPMV and  mon i tor lum inance µ  i s  not known  to  the  au thors.  A conservative  

guess  regard ing  the  re lation  i s  that (CPMV)2  i s  proportional  to  µ;  thus,   

1 0  log 1 0  (µr /µo)  =  20  l og 1 0  (CMPVr /CMPVo) ,   

where   

µr  i s  the  mean  pixel  l um inance wi th  i nvolvement of the  reflector,  and   

µo  i s  the  mean  pixel  l um inance wi thou t i nvolvement of the  reflector.   

From  Table  1  i n  reference [1 1 ]  image contrast equals  obj ect contrast at  1  dB  and  2  dB,  and  
obviousl y when  the  obj ect con trast  i s  0  dB,  image contrast  and  corrected  mean  p ixel  va lue  
con trast  are  0  dB.  (See  pages  1 1 9  and  1 20  of reference  [1 1 ]  for defin i tions  of obj ect contrast 
and  image  contrast. ) .  Again  referri ng  to  Table  1  of reference  [1 1 ] ,  when  the  image  contrast  

l i es  between  1  dB  and  −1  dB,  the  image  contrast was  not detectable  by human  observers .  

From  F igure  F . 4 ,  −0, 22  dB  ≤  20  l og 1 0  (CMPVr /CMPVo)  ≈  1 0  l og 1 0  (µr /µo)  ≤  0 , 59  dB,  and  the  

con trasts  are  not detectable  by human  observers.   

F i gu res.  F . 5,  F . 6  and  F. 7  correspond  to  F igures.  F . 1 ,  F . 2  and  F . 3 ,  where  the  transducer i s  a  
curved  array wi th  a  1  cm-rad ius  of curvature  and  the  reflector i s  made of a l um ina.  The  sector 

ang le  i s  abou t 1 53° .  Tota l  i n ternal  reflection  fa i l s  for sector ang les  g reater than  abou t 1 38° ,  

correspond ing  to  ang les  of incidence  between  69°  and  90° ,  as  evidenced  i n  the  upper left  s ide  
of the  image  i n  F igure  F . 5,  d is ta l  to  the  reflector.  
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Total  i n ternal  refl ection  fa i l s  for sector ang les  greater than  about  1 38° ,  correspond ing  to  ang les  of i ncidence  
between  69°  and  90° ,  as  evidenced  i n  the  upper l eft  s i de  of the  image,  d i s ta l  to  the  refl ector.  

Figure F .5  – Wide  sector (1 53°) ,  1  cm-rad ius-of-curvature transducer 
wi th  alumina reflector on  the  left  

 

The  ord i nate  l abel  i s  mean  pi xel  va l ue,  and  the  abscissa  l abe l  i s  verti cal  d epth .  P i xel -value  s tandard -devi ation  bars  
for each  5  mm-depth  i n terval  are  a l so  shown .  N ote  that  for the  verti cal  depth  from  0  cm  th rough  1  cm ,  tota l  i n ternal  
refl ection  fai l s .  

Figure F .6  – Plot of the  data wi th  blue  computed  in  the  l eft rectangle  
in  F igure F.5  and  red  computed  in  the  right rectang le   
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Again ,  for the  depth  from  0  cm  th rough  1  cm ,  total  i n ternal  refl ecti on  fai l s .  The  ord inate  l abel  i s  mean  pi xel  va l ue,  
and  the  abscissa  l abel  i s  verti cal  depth .  

Figure  F .7  – Plot of the  data when  the reflector is  on  the  right s ide  wi th  blue  computed  
in  the  l eft  rectangle  and  red  computed  in  the  right rectang le   

Figure  F .8  shows the  percentage  by wh ich  the  mean  p ixel  va lues  resu l ti ng  from  reflections  
d i ffer from  the  mean  p ixel  va lues  not  i nvolving  reflections,  where  asymmetry of transducer 
sens i ti vi ty has  been  corrected ;  corrections  were  derived  from  F igures  F . 6  and  F .7  by us ing  
Formu la  (F. 1 ) .  

 

Asymmetry of transducer sensi ti vi ty has  been  corrected  us ing  the  data  i n  F i gu res  F . 6  and  F . 7  and  Formu la  (F . 1 ) .  
The  ord i nate  l abel  i s  d i fference  (%),  and  the  abscissa  l abel  i s  verti cal  d epth  (cm).  

Figure F .8  – The  percentage by wh ich  the mean  pixel  values  resu l ting  from  reflections  
d i ffer from  the mean  pixel  values  not involving  reflections  
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Referring  to  the  d iscussion  i nvolving  F igure  F . 4  above,  and  employing  the  resu l ts  shown  in  

F igu re  F. 8,  we  fi nd  −0,63  dB  ≤  20  l og 1 0  (CMPVr  /CMPVo)  ≈  1 0  log 1 0  (µr  /µo)  ≤  0 , 1 7  dB  and  the  
con trasts  are  again  not  detectable  by human  observers.   
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Annex G  
(informative)  

 
Resul ts  of a  test of reproducibi l i ty of LSNRm  versus  depth  

for a  phantom with  4  mm-diameter low-echo spheres  
and  2  spheres  per mi l l i l i tre  

The fol l owing  resu l ts  are  presented  for comparison  wi th  those  presented  in  Annex B,  wh ich  
were  obtained  wi th  a  phan tom  wi th  4  mm-d iameter,  l ow-echo  spheres  bu t on l y one  such  
sphere  per m i l l i l i tre.  F i gu re  G . 1  i s  an  image using  a  curved  array operating  at  4 , 2  MHz wi th  a  
phantom  having  two  p late-g lass  reflectors.  There  are  two  l ow-echo  spheres  per m i l l i l i tre  
i nstead  of one  such  sphere  per m i l l i l i tre.  Rather good  reproducibi l i ty resu l ts  are  shown  i n  
F igure  G . 2 .  

 

Figure G .1  – Example  image  of the  phantom  with  a  4,2  MHz curved  array 
and  two low-echo  spheres  per m i l l i l i tre  
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a)  Mean  LSNR (LSNR
m
) -values  as  

a  function  of depth  
b)  Number of l ow-echo sphere  centres  detected  

in  each  5  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3 . 2 ,  read  LSNR
m 
for Mean  LSNR at  the  ord i nate  l abel  of the  l eft  g raph .  

Figure G .2  – Reproducibi l i ty resu l ts  corresponding  to  the  image set,  
one  of which  i s  shown  in  F igure  G .1  
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Annex H  
(informative)  

 
Resul ts  for low-echo sphere-concentration  dependence of LSNRm   

versus  depth  for phantoms with  4  mm-diameter spheres  

One phantom  made i n  J u l y 201 1  has  an  average  of one  4-mm  d iameter,  low-echo  sphere per 
m i l l i l i tre  and  a  second  phan tom  made i n  October 201 2  has  an  average  of two such  spheres  
per m i l l i l i tre.  Example  images  from  the  data  sets  are  shown  in  F igures  H . 1  and  H . 3,  and  p lots  
of LSNRm -values  versus  depth  and  number of detected  low-echo spheres  i n  each  5  mm-
depth  in terval  are  shown  in  F igures  H . 2  and  H . 4.  Image  acqu is i tion  parameters  were  the  
same for 1  m l−1  and  2  m l−1  cases,  and  those  parameters  correspond  to  ord inary B -scans  wi th  
no  specia l  process ing  such  as  spatia l  compound ing  or ti ssue  harmon ic imag ing .  The  focus  
was  at 4  cm .  

 

Figure H . 1  – Example  of an  image  from  the image set g iving  rise  
to  the  resu l ts  in  Figure  H .2;  the  phantom  contained  an  average  

of one 4  mm-diameter,  low-echo  sphere  per m i l l i l i tre  

I n  F igure  H . 2  R2  i s  the  coefficien t of determ ination .  R2  =  0  i f the  data  va lues  and  curve-fi t  
va lues  at the  correspond ing  depths  are  complete ly uncorrelated ,  and  R2  =  1  i f the  two sets  of 

va lues  are  completel y correlated  [1 2] .  
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a)  Mean  LSNR (LSNR
m
) -values  versus  depth  

for an  average of one  4  mm-diameter,  
l ow-echo sphere per m i l l i l i tre  

b)  Number of l ow-echo sphere  centres  detected  
in  each  5  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3. 2 ,  read  LSNR
m 
for Mean  LSNR at  the  ord i nate  l abel  of the  l eft  g raph .  

Figure H .2  – Resu l ts  corresponding  to  an  image set,  
one  of which  i s  shown  in  Figure  H . 1  

 

Figure  H .3  – Example of an  image  from  the data  set g iving  rise  
to  the resu l ts  in  F igure  H .4;  the  phantom  contained  an  average  

of two 4  mm-d iameter,  low-echo  spheres  per m i l l i l i tre  
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a)  Mean  LSNR (LSNR
m
) -val ues  versus  depth  

for an  average of two 4  mm-diameter,  
l ow-echo spheres  per m i l l i l i tre  

b)  Number of l ow-echo sphere  centres  detected   
i n  each  5  mm-depth  i n terval  

I n  the  notati on  adopted  i n  8 . 3. 2 ,  read  LSNR
m 

for Mean  LSNR at  the  ord inate  l abel  of the  l eft  g raph .  R2  i s  the  
coeffi ci en t  of d eterm inati on ,  d efi ned  i n  the  text  above  F igure  H . 2 .  

Figure H .4 – Resu l ts  corresponding  to  an  image set,  
one  of which  i s  shown  in  Figure  H .3  

A concentration  dependence  is  apparen tl y demonstrated  wi th  the  m in imum  LSNRm -va lue  for 

the  1  m l−1  phantom  at abou t −6, 7  and  for the  2  m l−1  phantom  at abou t −6, 0.  The  number of 
images  employed  for the  1  m l−1  case  is  twice  that of the  2  m l−1  case,  wh ich  means  the  
expected  number of l ow-echo  spheres  for each  volume segment determ ined  by the  depth  
in terval  i s  the  same for each .  At  4  cm  depth ,  based  on  the  average  number of spheres  per 
m i l l i l i tre,  the  volume addressed  is  about 45  m l  for both  1  m l−1  and  2  m l−1  phan toms.  Notice  
that the  observed  number at  4  cm  depth  for the  1  m l−1  case  i s  about 35  and  for the  2  m l−1  
case  is  about 28.  The  d i fference  cou ld  be  attribu ted  to  pai rs  of spheres  be ing  close  enough  
together that they are  assumed  to  be  one  sphere  and  the  "centre  of mass"  i s  somewhere  
between  the  two  spheres’  centres  resu l ti ng  in  an  LSNRn-va lue  that i s  l ess  negative  than  i s  
appropriate.  I nvestigati on  of th is  concentration  dependence is  ongoing  and  may resu l t  i n  
a l teration  of the  software  to  detect  such  pai ri ngs  of spheres,  so  they can  be  e l im inated  from  
cons ideration .  

See  Annex I  where  a  much  better con trol l ed  experiment was  done  to  assess  concentration  
dependence  us ing  three  phantoms conta in ing  3, 2  mm-d iameter,  l ow-echo  spheres.  
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Annex I  
(informative)  

 
Resul ts  for low-echo  sphere-concentration  dependence of LSNRm  

versus  depth  for phantoms with  3,2  mm-diameter spheres  

A set of th ree  phan toms was  made  wi th  fl at  scann ing  windows  and  average  low-echo  sphere  
concentrations  of 1  m l−1 ,  2  m l−1  and  4  m l−1 .  Al l  spheres  were  made  at the  same time.  Care  
a lso  was  taken  to  ensure  that  the  background  materia ls  in  a l l  phantoms were  i den tical .  Thus,  
no  materia l  b ias  shou ld  exist  between  phan toms.  

Data  images  for a l l  three  phan toms were  obtained  wi th  identical  equ ipment and  scan  
parameters,  i nclud ing  the  TGC setti ngs.  Image acqu is i ti on  parameters  were  the  same for the  
1  m l−1 ,  2  m l−1  and  4  m l−1  cases  and  those  parameters  correspond  to  ord inary B-scans  wi th  no  
specia l  processing ,  such  as  spatia l  compound ing  or ti ssue  harmon ic  imag ing .  The  focus  was  
at  9  cm .  

Resu l ts  are  shown  in  F igures  I . 1  to  I . 6 .  280  images  were  used  for the  1  m l−1  phantom ,  1 40  
images  for the  2  m l−1  phan tom  and  75  images  for the  4  m l−1  phantom .  (Recal l  that  the  l ow-
echo  sphere  dens i ty i s  2  m l−1  for the  phan tom  con tain ing  3 , 2  mm-d iameter spheres,  for wh ich  
resu l ts  are  shown  i n  F igures  C. 1  to  C. 7. )  

I n  terms  of the  most negative  LSNRm  curve-fi tted  values,  the  4  m l−1  phan tom  has  a  m in imum  

at  −1 1 , 3 ,  the  2  m l−1  phan tom  has  a  m in imum  at −1 1 , 6,  and  the  1  m l−1  phan tom  shows  a  

m in imum  at  −1 2 ,6 .  Thus,  the  most negative  LSNRm -values  span  a  range  of on l y 1 1 , 5   %  wi th  a  
decrease  in  low-echo sphere  concentration  by a  factor of 1 /4,  i nd icating  that there  i s  l i ttl e  
dependence  of even  the  most extreme LSNRm -values  on  such  sphere  concen tration ;  therefore,  
i t  i s  reasonable  to  assume  that  the  2  m l−1  sphere  concentration  wi l l  yi e ld  acceptable  accuracy.  
Note  a lso  that the  correlation  coefficien t of LSNRm -values  for 2  m l−1  (see  F igure  I . 4)  and  
correspond ing  LSNRm  -va lues  for 1  m l−1  (see  F igure  I . 6)  was  computed ,  and  is  0 , 985.   

 

Figure I . 1  – Example of an  image from  the  4 ml−1  data  set producing  
the  resu l ts  shown  in  F igure I . 2  
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a)  Mean  LSNR (LSNRm)-values  versus  depth  
for an  average of fou r 3 , 2  mm-diameter,  

l ow-echo spheres  per m i l l i l i tre  

b)  Number of low-echo sphere  centres  detected  
i n  each  5  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3. 2 ,  read  LSNR
m 

for Mean  LSNR at  the  ord inate  l abel  of the  l eft  g raph .  R2  i s  the  
coeffi ci en t  of d eterm inati on ,  d efi ned  i n  the  text  above  F igure  H . 2 .  

Figure  I . 2  – Resu lts  for the  phantom  contain ing  four 
3,2  mm-diameter,  low-echo  spheres  per m i l l i l i tre  

 

 

Figure I . 3  – Example of an  image from  the  2  ml−1  data  set producing  
the  resu l ts  shown  in  F igure I . 4  
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a)  Mean  LSNR (LSNR
m
) -values  versus  depth  

for an  average  of two 3,2  mm-diameter,  
l ow-echo spheres  per m i l l i l i tre  

b)  Number of low-echo sphere  centres  detected  
i n  each  5  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3. 2 ,  read  LSNR
m 

for Mean  LSNR at  the  ord inate  l abel  of the  l eft  g raph .  R2  i s  the  
coeffi ci en t  of d eterm inati on ,  d efi ned  i n  the  text  above  F igure  H . 2 .  

Figure I . 4  – Resu l ts  for the  phantom  contain ing  two 
3,2  mm-diameter,  low-echo  spheres  per mi l l i l i tre  

 

 

Figure  I . 5  – Example of an  image from  the  1  ml−1  data  set producing  
the  resu l ts  shown  in  F igure I . 6  
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a)  Mean  LSNR (LSNR
m
) -values  versus  depth  

for an  average of one  3, 2  mm-d iameter,  
l ow-echo sphere per m i l l i l i tre  

b)  Number of l ow-echo sphere  centres  detected  
in  each  5  mm-depth  i n terval  

I n  the  notation  adopted  i n  8 . 3 . 2 ,  read  LSNR
m 

for Mean  LSNR at  the  ord inate  l abel  of the  l eft  g raph .  R2  i s  the  
coeffi ci en t  of d eterm inati on ,  d efi ned  i n  the  text  above  F igure  H . 2 .  

Figure I . 6  – Resu l ts  for the  phantom  contain ing  one  
3,2  mm-diameter,  low-echo  sphere per m i l l i l i tre  
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Annex J  
(informative)  

 
Comparison  of two d ifferent makes  of scanner 
with  simi lar transducers  and  console  settings  

Standard  B-mode  images  obtained  wi th  two  d i fferen t commercia l  u l trasound  med ica l  
d iagnostic systems were  assessed  for a  focus  at 4  cm  and  convex arrays  wi th  nearl y the  
same sector ang le .  Also,  the  console  setti ngs  were  the  same except  for a  smal l  d i fference  in  
nom inal  frequency.  F igu re  J . 1  i l l ustrates  resu l ts  for the  System  A scanner and  7CF2  3-D  
transducer operated  at 4 , 5  MHz i n  2-D  mode,  and  F igu re  J . 2  i l l ustrates  resu l ts  for the  System  
B  scanner wi th  a  4DC7-3  3-D  transducer operated  at 4  MHz i n  2-D  mode.  System  A appears  
to  ou tperform  System  B  to  a  cons iderable  extent.  

  

Figure J . 1  – Resu l ts  for System  A scanner and  7CF2  3-D  (swept convex array)  
transducer focused  at 4  cm  and  operated  at 4, 5  MHz in  2-D  mode  

  

Figure J .2  – Resu l ts  for System  B  scanner wi th  a  4DC7-3  3-D  (convex array)  transducer,  
operated  at 4  MHz in  2-D  mode and  focused  at 4  cm.  The  sector angle  and  al l  other 

console  settings  mimicked  those  for the  System  A case (F igure J . 1 )  

Keeping  i n  m ind  that the  more  negative  a  Mean  LSNR (LSNRm )  va lue  is ,  the  better the  

detectabi l i ty of the  l ow-echo  sphere,  u l trasound  System  A ou tperforms System  B  at  a l l  depths.  
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Also,  the  backscatter coefficient  of the  materia l  composing  the  low-echo  spheres  is  about  

−30  dB  re lati ve  to  that of the  material  composing  the  background .  

Al l  LSNRm  va lues  wou ld  be  i ncreased  (made  l ess  negative)  i f the  backscatter coefficient of the  

materia l  composing  the  l ow-echo-spheres  were  increased .  Cons ider an  LSNRm  value  of −2  to  
be  a  threshold  for human  observer detection  of the  low-echo spheres.  Then  the  i ncrease  i n  

l ow-echo  sphere  backscatter coefficien t needed  to  cause  an  i ncrease  of −2  −  (−7,8)  =  5, 8  for 
System  A at a  4  cm  depth  wou ld  be  greater than  the  i ncrease  in  l ow-echo  sphere  backscatter 

coefficien t needed  to  cause  an  i ncrease  of −2  −  (−5)  =  3  for System  B  at  a  4  cm  depth .  The  
impl ication  is  that System  A wou ld  a l low detectabi l i ty for l ow-echo spheres  having  a  h igher 
backscatter coefficient  than  wou ld  System  B.  

Cons ider,  for example,  a  tumour wi th  d imensions  greater than  the  l ow-echo  sphere  d iameter 
D.  For a  range  of va lues  of (tumour backscatter coefficient) /(background  backscatter 
coefficien t),  the  tumour wou ld  be  detectable  by a  human  observer us ing  System  A,  bu t not 
detectable  us ing  System  B.  Also,  when  the  tumour i s  detectable ,  i ts  boundary wou ld  be  
de l i neated  wi th  a  resolu tion  of D .  
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Annex K 
(informative)  

 
Special  considerations  for 3-D  probes  

K.1  3-D  probes  operating  in  2-D  imaging  mode  

For 3-D  mechan ica l l y d ri ven  probes,  the  scan  p lane  shou ld  be  at  a  known  posi ti on  and  
orientation  re lati ve  to  the  hous ing  of the  l i near array or convex array so  that  the  scan  p lane  
can  be  made  perpend icu lar to  the  d i rection  of translation  ( i n  D/4  increments)  of the  transducer 

or phantom .  

For 2-D  arrays  [2 ]  the  scan  p lane  shou ld  be  at a  known  pos i ti on  and  orien tation  re lative  to  the  
transducer and  be  such  that the  scan  p lane  can  be  perpend icu lar to  the  d i rection  of 
translation  ( in  D/4  i ncrements)  of the  transducer or phantom  wh i le  the  transducer surface  

remains  enti re l y acoustical l y coupled  to  the  phan tom  scann ing  window.  

K.2  2-D  arrays  operating  in  3-D  imaging  mode for determining  LSNRm-values  
as  a  function  of depth  for reconstructed  images  

The en ti re  em i tti ng  su rface  of the  probe  shou ld  be  acoustical l y coupled  to  the  scann ing  
window at a l l  times  during  D/4  trans lations  of the  probe or phan tom ,  and  a  complete  3-D  data  
set  shou ld  be  recorded  at  each  posi tion .  Sets  of reconstructed  images  wi th  "scan  planes"  
perpend icu lar to  the  translation  d i rection ,  a l l  of wh ich  are  at  the  same pos i tion  re lati ve  to  the  
transducer,  can  then  be  anal ysed  to  yie l d  LSNRm -values  as  a  function  of depth .   

NOTE  The  l arge  amount  of d ata  that  needs  to  be  stored  may make  th i s  procedu re  impracti cal .  

K.3  Mechanical ly driven  3-D  probes  operating  i n  3-D  imaging  mode  

I t  i s  un l ike l y that  LSNRm -values  versus  depth  can  be  generated  because  i t  i s  un l ike l y that the  

en ti re  em i tti ng  surface  of the  probe  can  be  acoustical l y coupled  to  the  scann ing  window at  a l l  
times  during  D/4  translations  of the  probe  or phan tom .  
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