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LASER DISPLAY DEVICES –  

 
Part  5-2:  Optical  measuring  methods of speckle contrast  

 
FOR E WOR D  

1 )  Th e  I n t e rn ati o n al  E l e c tro te c h n i c al  C o m m i s s i o n  ( I E C )  i s  a  wo rl d wi d e  o rg an i z at i o n  fo r  s ta n d ard i z ati o n  c o m p ri s i n g  
al l  n ati o n al  e l e c tro te ch n i c al  c o m m i tte e s  ( I E C  N ati o n al  C o m m i t te e s ) .  Th e  o b j e ct  o f  I E C  i s  to  p ro m o te  
i n t e rn ati o n al  c o - o p e rati o n  o n  al l  q u e s ti o n s  c o n c e rn i n g  s t an d a rd i z a ti o n  i n  th e  e l e c t ri c al  an d  e l e c t ro n i c  f i e l d s .  To  
th i s  e n d  a n d  i n  ad d i t i o n  to  o th e r ac ti vi t i e s ,  I E C  p u b l i s h e s  I n te rn ati o n al  S ta n d ard s ,  Te c h n i c al  S p e ci fi cati o n s ,  
Te c h n i c al  R e p o rt s ,  P u b l i cl y  Avai l ab l e  S p e c i f i cat i o n s  ( P AS )  a n d  G u i d e s  ( h e re a fte r  re f e rre d  t o  as  “ I E C  
P u b l i c a ti o n ( s ) ” ) .  Th e i r  p re p arat i o n  i s  e n t ru s t e d  to  te c h n i c al  co m m i tt e e s ;  an y I E C  N ati o n a l  C o m m i tt e e  i n te re s te d  
i n  th e  s u b j e c t  d e al t  wi th  m ay p art i ci p at e  i n  t h i s  p re p arato ry  wo rk.  I n t e rn ati o n al ,  g o ve rn m e n t al  an d  n o n -
g o ve rn m e n t al  o rg an i z at i o n s  l i ai s i n g  wi th  th e  I E C  al s o  p a rti c i p a te  i n  th i s  p re p arati o n .  I E C  c o l l ab o rat e s  cl o s e l y  
wi t h  th e  I n te rn at i o n al  O rg an i z ati o n  fo r S t an d a rd i z at i o n  ( I S O )  i n  acc o rd an ce  wi th  co n d i t i o n s  d e t e rm i n e d  b y 
ag re e m e n t  b e twe e n  th e  t wo  o rg an i z ati o n s .  

2 )  Th e  f o rm al  d e ci s i o n s  o r  ag re e m e n ts  o f  I E C  o n  te c h n i c al  m atte rs  e x p re s s ,  as  n e arl y  as  p o s s i b l e ,  an  i n te rn ati o n al  
c o n s e n s u s  o f  o p i n i o n  o n  t h e  re l e van t  s u b j e c ts  s i n c e  e ach  t e c h n i c al  c o m m i tt e e  h as  re p re s e n t ati o n  fro m  al l  
i n te re s te d  I E C  N ati o n al  C o m m i tt e e s .   

3 )  I E C  P u b l i c ati o n s  h ave  t h e  f o rm  o f  re c o m m e n d a ti o n s  fo r  i n t e rn ati o n al  u s e  an d  a re  ac ce p t e d  b y  I E C  N ati o n al  
C o m m i tte e s  i n  th at  s e n s e .  Wh i l e  al l  re as o n ab l e  e f fo rts  a re  m ad e  to  e n s u re  t h at  th e  te ch n i c al  c o n te n t  o f  I E C  
P u b l i c ati o n s  i s  acc u rate ,  I E C  c an n o t  b e  h e l d  re s p o n s i b l e  fo r  th e  wa y i n  wh i ch  th e y are  u s e d  o r  fo r  an y 
m i s i n te rp re ta ti o n  b y  an y e n d  u s e r.  

4 )  I n  o rd e r  to  p ro m o te  i n t e rn ati o n al  u n i f o rm i ty,  I E C  N ati o n al  C o m m i tte e s  u n d e rtake  to  ap p l y  I E C  P u b l i cati o n s  
tran s p are n tl y  to  th e  m ax i m u m  e x te n t  p o s s i b l e  i n  t h e i r  n at i o n al  an d  re g i o n al  p u b l i c ati o n s .  A n y d i ve rg e n c e  
b e twe e n  an y I E C  P u b l i c at i o n  an d  th e  c o rre s p o n d i n g  n ati o n al  o r  re g i o n al  p u b l i cati o n  s h al l  b e  cl e arl y  i n d i cat e d  i n  
th e  l atte r.  

5 )  I E C  i ts e l f  d o e s  n o t  p ro vi d e  an y atte s tat i o n  o f  c o n f o rm i ty.  I n d e p e n d e n t  ce rt i f i ca ti o n  b o d i e s  p ro vi d e  co n f o rm i ty  
a s s e s s m e n t  s e rvi c e s  an d ,  i n  s o m e  are as ,  ac ce s s  to  I E C  m a rks  o f  c o n fo rm i t y.  I E C  i s  n o t  re s p o n s i b l e  fo r  an y 
s e rvi c e s  c arri e d  o u t  b y i n d e p e n d e n t  c e rti f i c at i o n  b o d i e s .  

6 )  Al l  u s e rs  s h o u l d  e n s u re  th at  th e y h ave  t h e  l at e s t  e d i t i o n  o f  th i s  p u b l i c ati o n .  

7 )  N o  l i ab i l i ty  s h al l  att ac h  to  I E C  o r  i ts  d i re c t o rs ,  e m p l o ye e s ,  s e rvan ts  o r  ag e n t s  i n cl u d i n g  i n d i vi d u al  e x p e rts  an d  
m e m b e rs  o f  i ts  te c h n i c al  c o m m i tt e e s  an d  I E C  N ati o n al  C o m m i tte e s  fo r  an y p e rs o n al  i n j u ry,  p ro p e rty  d a m ag e  o r  
o t h e r d am ag e  o f  an y n atu re  wh ats o e ve r,  wh e t h e r d i re ct  o r  i n d i re ct,  o r  fo r  co s ts  ( i n c l u d i n g  l e g al  f e e s )  a n d  
e x p e n s e s  a ri s i n g  o u t  o f  th e  p u b l i cati o n ,  u s e  o f ,  o r  re l i an ce  u p o n ,  t h i s  I E C  P u b l i ca ti o n  o r  an y o th e r I E C  
P u b l i ca ti o n s .   

8 )  Att e n t i o n  i s  d rawn  to  t h e  N o rm ati ve  re f e re n c e s  ci te d  i n  th i s  p u b l i c at i o n .  U s e  o f  t h e  re f e re n c e d  p u b l i c ati o n s  i s  
i n d i s p e n s ab l e  fo r  th e  c o rre c t  ap p l i cati o n  o f  th i s  p u b l i c a ti o n .  

9 )  Att e n ti o n  i s  d rawn  t o  th e  p o s s i b i l i ty  t h at  s o m e  o f  t h e  e l e m e n ts  o f  th i s  I E C  P u b l i c ati o n  m ay b e  th e  s u b j e c t  o f  
p at e n t  ri g h ts .  I E C  s h al l  n o t  b e  h e l d  re s p o n s i b l e  fo r  i d e n ti fyi n g  an y o r  al l  s u ch  p ate n t  ri g h ts .  

I n te rn ati o n al  S tan d ard  I E C  6 2 9 0 6 - 5 - 2  h as  b e e n  p re pare d  by I E C  te ch n i cal  co m m i tte e  1 1 0 :  
E l e ctro n i c  d i s p l ay d e vi ce s .  

Th e  te xt  o f  th i s  s tan d ard  i s  bas e d  o n  th e  fo l l o wi n g  d o cu m e n ts :  

F D I S  R e p o rt  o n  vo ti n g  

1 1 0 /7 6 0 /F D I S  1 1 0 /7 6 8 /R V D  

 
Fu l l  i n fo rm ati o n  o n  th e  vo ti n g  fo r  th e  appro val  o f  th i s  s tan d ard  can  be  fo u n d  i n  th e  re po rt  o n  
vo ti n g  i n d i cate d  i n  th e  abo ve  tabl e .  

Th i s  pu bl i cati o n  h as  b e e n  d rafte d  i n  acco rd an ce  wi th  th e  I S O/I E C  D i re cti ve s ,  P art  2 .  

A l i s t  o f  al l  p arts  i n  th e  I E C  6 2 9 0 6  s e ri e s ,  pu bl i s h e d  u n d e r th e  g e n e ral  t i t l e  Laser display 
devices,  can  be  fo u n d  o n  th e  I E C  we bs i te .  
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Th e  co m m i tte e  h as  d e ci d e d  th at  th e  co n te n ts  o f  th i s  pu b l i cati o n  wi l l  re m ai n  u n ch an g e d  u n ti l  
th e  s tab i l i ty  d ate  i n d i cate d  o n  th e  I E C  we bs i te  u n d e r " h ttp: //we bs to re . i e c. ch "  i n  th e  d ata 
re l ate d  to  th e  s pe ci fi c  pu bl i cati o n .  At  th i s  d ate ,  th e  pu b l i cati o n  wi l l  b e   

•  re co n fi rm e d ,  

•  wi th d rawn ,  

•  re p l ace d  b y a  re vi s e d  e d i ti o n ,  o r  

•  am e n d e d .  

A bi l i n g u al  ve rs i o n  o f  th i s  pu b l i cati o n  m ay be  i s s u e d  at  a  l ate r  d ate .  

 

IMPORTANT – The “colour inside”  logo  on  the  cover page of  th is  publ ication  ind icates  
that  i t  contains  colours  which  are  considered  to  be  usefu l  for  the  correct  understanding  
of  i ts  contents.  Users  should  therefore print  th is  publ ication  using  a  colour printer.  
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LASER DISPLAY DEVICES –  
 

Part  5-2:  Optical  measuring  methods of speckle contrast  
 
 
 

1  Scope 

Th i s  p art  o f  I E C  6 2 9 0 6  s pe ci fi e s  th e  s tan d ard  m e as u re m e n t  co n d i ti o n s  an d  m e as u re m e n t 
m e th o d s  fo r  d e te rm i n i n g  th e  m o n o ch ro m ati c  s pe ckl e  co n tras t  o f  l as e r d i s pl ay d e vi ce s  ( LD D s ) .  
Th e  LD D s  m ay i n cl u d e  h ybri d  type s  u s i n g  bo th  a  l as e r  o r  l as e rs ,  an d  s p o n tan e o u s  e m i s s i o n -
bas e d  l i g h t  s o u rce s ,  s u ch  as  LE D s .  

N O TE  Th e  m o n o c h ro m ati c  s p e ckl e  co n t ras t  m e a s u re m e n ts  d o  n o t  i n cl u d e  i m ag e  q u al i t y  i s s u e s .  

2  Normative references 

Th e  fo l l o wi n g  d o cu m e n ts ,  i n  wh o l e  o r  i n  part,  are  n o rm ati ve l y re fe re n ce d  i n  th i s  d o cu m e n t  an d  
are  i n d i s pe n s abl e  fo r  i ts  app l i cati o n .  F o r d ate d  re fe re n ce s ,  o n l y  th e  e d i ti o n  ci te d  ap pl i e s .  Fo r 
u n d ate d  re fe re n ce s ,  th e  l ate s t  e d i t i o n  o f  th e  re fe re n ce d  d o cu m e n t  ( i n cl u d i n g  an y 
am e n d m e n ts )  app l i e s .  

I E C  6 0 8 2 5 - 1 ,  Safety of laser products – Part 1: Equipment classification and requirements 

I E C  6 2 9 0 6 - 1 - 2 : 2 0 1 5 ,  Laser display devices – Part 1-2: Vocabulary and letter symbols  

3  Terms,  defin i tions  and  abbreviations 

Fo r th e  p u rpo s e s  o f  th i s  d o cu m e n t,  th e  te rm s  an d  d e fi n i ti o n s  g i ve n  i n  I E C  6 2 9 0 6 - 1 - 2 ,  as  we l l  
as  th e  fo l l o wi n g  app l y.  

3.1  Terms and  defin i t ions 

3. 1 .1   
fu l ly developed  speckle 
FDS 
s p e ckl e  wh e n  th e  s p e ckl e  co n tras t  rati o  i s  e q u al  to  o n e  (Cs  =  1 )  

[S OU R C E :  G o o d m an : 2 0 0 6 ]  [1 ] 1  

3.2  Abbreviations 

D N  d i g i tal  n u m be r 

D U T d e vi ce  u n d e r te s t  

LD  l as e r d i o d e  

LM D  l i g h t  m e as u ri n g  d e vi ce  

M TF m o d u l ati o n  tran s fe r  fu n cti o n  

N A n u m e ri cal  ap e rtu re  

P P U T p ro j e cti o n  pl an e  u n d e r te s t  

P S F p o i n t  s pre ad  fu n cti o n  

___________ 

1  N u m b e rs  s q u are  b racke ts  re fe r  to  th e  b i b l i o g ra p h y.  
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S N R  s i g n al  to  n o i s e  rati o  

4 Standard  measuring  condi tions 

4.1  General  

An  LD D  i s  fe atu re d  b y u s i n g  co h e re n t  o r  parti al l y- co h e re n t  l i g h t  s o u rce s .  S pe ckl e  i s  cre ate d  
parti cu l arl y  by co h e re n ce  o f  th e  l i g h t  s o u rce s .  Th e re fo re ,  m e as u ri n g  m e th o d s  an d  e q u i pm e n t  
parti cu l arl y  d e s i g n e d  fo r s p e ckl e  are  n e ce s s ary.  

Wh e n  carryi n g  o u t  o pti cal  m e as u re m e n ts  o f  LD D ,  th e  m e as u ri n g  e n vi ro n m e n t,  e q u i p m e n t  an d  
m e th o d s  s h al l  be  co m pl i an t  wi th  I E C  6 0 8 2 5 - 1  fo r h u m an  s afe ty.  

4.2  Standard  measuring  environmental  condi tions 

O pti cal  m e as u re m e n ts  re l ate d  to  s pe ckl e  s h al l  be  carri e d  o u t  u n d e r th e  s tan d ard  

e n vi ro n m e n tal  co n d i ti o n s ,  at  a  te m p e ratu re  o f  2 5  ° C  ±  3  ° C ,  a  re l ati ve  h u m i d i ty  o f  2 5  % to  
8 5  %,  an d  pre s s u re  o f  8 6  kP a to  1 0 6  kP a.  Wh e n  d i ffe re n t  e n vi ro n m e n tal  co n d i ti o n s  are  u s e d ,  
th e y s h al l  be  n o te d  i n  th e  re po rt.  

4.3  Measurement  coordinate  system 

Th e  pro j e cti o n  d i re cti o n  i s  th e  d i re cti o n  o f  a  be am  co m i n g  fro m  th e  LD D  to  th e  pro j e cti o n  
pl an e  u n d e r te s t  ( P P U T) .  Th e  pro j e cti o n  d i re cti o n  i s  d e fi n e d  b y two  an g l e s :  th e  an g l e  o f  

i n cl i n ati o n  θ  ( re l ati ve  to  th e  s u rface  n o rm al  o f  th e  P P U T)  an d  th e  an g l e  o f  ro tati o n  φ  ( al s o  
cal l e d  az i m u th  an g l e )  as  i l l u s trate d  i n  Fi g u re  1  a) .  Al th o u g h  th e  az i m u th  an g l e  i s  m e as u re d  i n  

th e  co u n te r- cl o ckwi s e  d i re cti o n ,  i t  i s  re l ate d  to  th e  d i re cti o n s  o n  a  cl o ck face  as  fo l l o ws :  φ  =  0 °  

i s  th e  3  o ' cl o ck d i re cti o n  ( " ri g h t" ) ,  φ  =  9 0 °  th e  1 2  o ' cl o ck d i re cti o n  ( " to p" ) ,  φ  =  1 8 0 °  th e  

9  o ' cl o ck d i re cti o n  ( " l e ft" )  an d  φ  =  2 7 0 °  th e  6  o ' cl o ck d i re cti o n  ( " bo tto m " ) .  

Th e  vi e wi n g  d i re cti o n  i s  th e  d i re cti o n  u n d e r wh i ch  th e  o bs e rve r l o o ks  at  th e  po i n t  o f  i n te re s t  
o n  th e  d e vi ce  u n d e r te s t  ( D U T) ,  i n cl u d i n g  th e  pro j e cti o n  p l an e  u n d e r te s t  ( P P U T) .  D u ri n g  th e  
m e as u re m e n t,  th e  l i g h t- m e as u ri n g  d e vi ce  ( LM D )  s i m u l ate s  th e  o bs e rve r,  b y  ai m i n g  th e  LM D  at  
th e  po i n t  o f  i n te re s t  o n  th e  D U T fro m  th e  vi e wi n g  d i re cti o n .  Th e  vi e wi n g  d i re cti o n  i s  d e fi n e d  b y 
two  an g l e s :  th e  an g l e  o f  i n cl i n ati o n  θ  ( re l ati ve  to  th e  s u rface  n o rm al  o f  th e  D U T)  an d  th e  an g l e  

o f  ro tati o n  φ  ( al s o  cal l e d  az i m u th  an g l e )  as  i l l u s trate d  i n  F i g u re  1 .  Al th o u g h  th e  az i m u th  an g l e  
i s  m e as u re d  i n  th e  co u n te r- cl o ckwi s e  d i re cti o n ,  i t  i s  re l ate d  to  th e  d i re cti o n s  o n  a  cl o ck face  

as  fo l l o ws :  φ  =  0 °  i s  th e  3  o ' cl o ck d i re cti o n  ( " ri g h t" ) ,  φ  =  9 0 °  th e  1 2  o ' cl o ck d i re cti o n  ( " to p" ) ,  

φ  =  1 8 0 °  th e  9  o ' cl o ck d i re cti o n  ( " l e ft" )  an d  φ  =  2 70 °  th e  6  o ' cl o ck d i re cti o n  ( " b o tto m " ) .  
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a)  P P U T ( s c re e n )  f o r  fro n t  p ro j e c ti o n  b )  P P U T ( s c re e n )  fo r  f ro n t  p ro j e ct i o n ,   
o r  D U T ( L D D )  fo r  re ar  p ro j e c ti o n  

Figure  1  – Coordinate  system  for projection  d i rection  and  viewing  d i rection  

4.4  Darkroom  condi tions 

Th e  LD D  s h o u l d  be  m e as u re d  u n d e r co n tro l l e d  l i g h ti n g  co n d i ti o n s .  U n wan te d  backg ro u n d  
i l l u m i n ati o n  e xce pt  th e  l i g h t  g e n e rate d  b y th e  LD D  i ts e l f  s h al l  be  m i n i m i z e d ,  typ i cal l y  b y 
i l l u m i n ati n g  th e  d i s pl ay i n  a  d arkro o m .  Th e  d arkro o m  l u m i n an ce  co n tri bu ti o n  fro m  th e  
b ackg ro u n d  i l l u m i n ati o n ,  wh i ch  i s  th e  m e as u re m e n t  i l l u m i n ati o n  re fl e cte d  o ff  th e  D U T,  s h al l  be  

≤  1 /2 0  o f  th e  l o we s t  b l ack l e ve l  o f  th e  d i s p l ay.  I f  th i s  co n d i ti o n  i s  n o t  s ati s fi e d ,  th e n  
b ackg ro u n d  s u b tracti o n  i s  re q u i re d  an d  i t  s h al l  be  n o te d  i n  th e  re p o rt.  I t  i s  re co m m e n d e d  th at  
th e  backg ro u n d  fo r  e ach  p i xe l  o f  th e  i m ag i n g  d e vi ce  b e  s u btracte d .  I n  ad d i ti o n ,  i f  th e  
s e n s i ti vi ty o f  th e  LM D  i s  i n ad e q u ate  to  m e as u re  at  th e s e  l o w l e ve l s ,  th e n  th e  l o we r l i m i t  o f  th e  
LM D  s h al l  be  n o te d  i n  th e  re p o rt.  

U n l e s s  s tate d  o th e rwi s e ,  th e  s tan d ard  backg ro u n d  l i g h ti n g  co n d i ti o n s  s h al l  be  th e  d arkro o m  
co n d i ti o n s .  

4.5  Standard  condi tions  of  measuring  equ ipment  

4.5.1  General  

I t  i s  as s u m e d  th at  al l  m e as u re m e n ts  are  pe rfo rm e d  by pe rs o n n e l  s ki l l e d  i n  th e  g e n e ral  art  o f  
rad i o m e tri c  an d  e l e ctri cal  m e as u re m e n ts  as  th e  pu rpo s e  o f  th i s  s tan d ard  i s  n o t  to  g i ve  a 
d e tai l e d  acco u n t  o f  g o o d  p racti ce  i n  e l e ctri cal  an d  o pti cal  e xp e ri m e n tal  p h ys i cs .  Fu rth e rm o re ,  
i t  i s  n e ce s s ary to  e n s u re  th at  al l  e q u i p m e n t  i s  s u i tab l y cal i brate d  as  i s  kn o wn  to  s ki l l e d  
p e rs o n n e l  an d  th at  re co rd s  o f  th e  cal i brati o n  d ata an d  trace abi l i ty  are  ke p t.  

I t  i s  ass u m e d  th at  al l  m e as u re m e n ts  are  pe rfo rm e d  u n d e r n o rm al  o pe rati o n  co n d i t i o n s  as  
u s e d  i n  th e  fi n i s h e d  pro d u ct  by th e  e n d  u s e r  u n l e s s  re q u e s te d  o th e rwi s e .  

S tan d ard  e q u i p m e n t co n d i t i o n s  are  g i ve n  be l o w.  An y d e vi ati o n s  fro m  th e s e  co n d i ti o n s  s h al l  be  
n o te d  i n  th e  re po rt.  

M e as u re m e n ts  s h al l  be  s tarte d  afte r  th e  LD D ,  th e  l i g h t  s o u rce ,  an d  m e as u ri n g  i n s tru m e n ts  
ach i e ve  s tabi l i ty.  

I f  th e  m e as u re m e n t  i s  n o t  carri e d  o u t  u n d e r th e  d arkro o m  co n d i ti o n s ,  d e p e n d i n g  o n  th e  
app l i cati o n ,  th e  i l l u m i n ati o n /d e te cti o n  g e o m e try an d  th e  l i g h t  s o u rce  s pe ctral  be h avi o u r s h al l  
b e  re po rte d .  

IEC  

Z Z  

Y Y 

X X 

θ  
θ  

φ  
φ  

1 2 : 0 0  

9 : 0 0  

6 : 0 0  

3 : 0 0  

1 2 : 0 0  

9 : 0 0  

6 : 0 0  

3 : 0 0  

D U T ( L D D )  LM D  o r   
h u m a n  e ye  



I E C  6 2 9 0 6 - 5 - 2 : 2 0 1 6  © I E C  2 0 1 6  – 9  –  

4.5.2  Adjustment  of  LDD 

Th e  LD D  s h al l  be  m e as u re d  at  th e  facto ry d e fau l t  m o d e .  Th e  LD D  m ay b e  al s o  m e as u re d  at  
ad d i ti o n al  m o d e s  ( e . g .  bri g h t  o r  m o vi e  m o d e ) .  

4.5.3  Condi tions  of  measuring  equ ipment  

Th e  s p e ckl e  co n tras t  cre ate d  b y th e  LD D  s h al l  be  m e as u re d  u s i n g  th e  s tan d ard  m e as u re m e n t  
co n d i ti o n s  g i ve n  i n  4 . 2 .  

Th e  fo l l o wi n g  co n d i ti o n s  o f  th e  s pe ckl e  co n tras t  m e as u ri n g  e q u i p m e n t  s h al l  be  n o te d  i n  th e  
re co rd :  

a)  LD D  o pe rati o n  m o d e ,  

b)  d i s tan ce  fro m  pro j e cti o n  pl an e  to  LD D  ( e xce p t  re ar pro j e cti o n ) ,  

c)  d i s tan ce  fro m  pro j e cti o n  p l an e  to  LM D ,  

d )  p ro j e cti o n  d i re cti o n  as  g i ve n  i n  4 . 3 ,  

e )  vi e wi n g  d i re cti o n  as  g i ve n  i n  4 . 3 ,  

f)  p o l ari z ati o n  co n d i ti o n s  i f  n o t  o p e rati n g  i n  th e  facto ry d e fau l t  m o d e ,  

g )  ce n tre  wave l e n g th  o f  th e  LD D ,  

h )  s p e ctru m  o f  th e  LD D  i f  n o t  o pe rati n g  i n  th e  d e fau l t  m o n o ch ro m ati c  m o d e ,  

i )  o p ti cal  s ys te m  param e te rs  o f  LM D ,  

1 )  i m ag i n g  l e n s  F- n u m b e r 

2 )  i ri s  d i am e te r 

3 )  s p e ctral  ch aracte ri s ti cs  o f  th e  o p ti cal  f i l te r  o f  th e  LM D  ( wh e n  th e y we re  app l i e d )  

j )  s p e ci fi cati o n s  o f  two - d i m e n s i o n al  i m ag i n g  d e vi ce ,  

1 )  p i xe l  s i z e  

2 )  bi t  d e p th  

3 )  s pe ctral  s e n s i ti vi ty  

4 )  d yn am i c  ran g e  

5 )  l i n e ari ty  o f  i n pu t  s i g n al  to  D N  

6 )  e xpo s u re  t i m e  

Th e  s pe ckl e  o f  e ach  pri m ary co l o u r g e n e ral l y  s h al l  be  m e as u re d  i n  te rm s  o f  th e  s p e ctru m  o f  
th e  LD s  wh i ch  l i n e - wi d th  i s  m u ch  n arro we r th an  LE D s  e i th e r i n  th e  cas e  o f  s i n g l e  l o n g i tu d i n al  
o r  i n  th e  cas e  o f  m u l t i - l o n g i tu d i n al  m o d e  o p e rati o n  ( s e e  An n e x A) .  S pe ctral  m e as u re m e n t  o f  
s u ch  a n arro w l i n e - wi d th  re q u i re s  m u ch  h i g h e r re s o l u ti o n :  a  s pe ctro m e te r,  o r  a  s pe ctru m  
an al ys e r m ay b e  u s e d .  

Th e  m e as u re m e n t s h al l  b e  pe rfo rm e d  co n s i d e ri n g  th e  fo l l o wi n g  as pe cts .  

•  A  s pe ctro m e te r o r  a  s pe ctru m  an al ys e r s h al l  be  capab l e  o f  co ve ri n g  a  wave l e n g th  ran g e  o f  
at  l e as t  3 8 0  n m  to  7 8 0  n m  an d  s h al l  h ave  po l ari z ati o n  s e n s i ti vi ty  l e s s  th an  2  %.  

•  C are  s h al l  be  take n  to  e n s u re  th at  th e  LM D  h as  e n o u g h  s e n s i ti vi ty  an d  d yn am i c  ran g e  to  
p e rfo rm  th e  re q u i re d  tas k.  

•  Th e  re l ati ve  u n ce rtai n ty  an d  re pe atabi l i ty  o f  al l  th e  m e as u ri n g  d e vi ce s  s h al l  b e  m ai n tai n e d  
b y fo l l o wi n g  th e  re co m m e n d e d  cal i brati o n  s ch e d u l e  i n s tru cte d  b y th e  i n s tru m e n t  s u p pl i e r.  

•  Th e  D U T s h al l  be  o pe rate d  at  i ts  i n te n d e d  i m ag e  re fre s h  rate .  
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4.6  Screen  condi tions 

4.6.1  General  

Th e  s cre e n  i s  an  i m po rtan t  co m p o n e n t  o f  th e  LD D  i n  th e  m e as u re m e n t  o f  s p e ckl e .  I f  th e  D U T 
co n tai n s  a  s cre e n  as  o n e  o f  th e  co m p o n e n ts  o f  th e  pro d u ct,  th e  m e as u re m e n t  s h al l  be  carri e d  
o u t  u s i n g  th e  s cre e n .  

4.6.2  Report  

Th e  fo l l o wi n g  s pe ci fi cati o n s  re l ate d  to  s cre e n  g ai n  s h al l  be  n o te d  i n  th e  re po rt:  

•  vi e wi n g  an g l e  ch aracte ri s ti c,  

•  p e ak g ai n ,  

•  h al f- g ai n  an g l e .  

N O TE  1  Th e  d e fi n i t i o n s  an d  m e as u re m e n t  m e th o d s  o f  th e s e  p aram e te rs  are  s h o wn  i n  th e  I C D M  i n fo rm a ti o n  
d i s p l ay m e as u re m e n ts  s tan d ard ,  2 0 1 2 ,  Ap p e n d i x  B 1 7  [ 3 ] .  

Th e  s cre e n  s h o u l d  be  h e l d  ri g i d l y  o r th e  m e as u re m e n t re s u l ts  m i g h t  b e  affe cte d ,  p arti cu l arl y 
fo r  l o n g  e xpo s u re  t i m e s .  

N O TE  2  Th e  I C D M  d o c u m e n t  [ 3 ]  i n  th e  b i b l i o g ra p h y i s  re fe rre d  b e c au s e  th e re  i s  n o  o th e r  ap p ro p ri ate  re f e re n c e  
s o u rc e  fo r  th e  s c re e n  g ai n  fo r  t h i s  d o cu m e n t,  b u t  i n  th e  fu t u re ,  m o re  ap p ro p ri a te  d o c u m e n t  wi l l  b e  re fe rre d .  

5  Measuring  methods of  speckle  contrast  

5.1  Speckle  contrast  measurement  of  sti l l  image 

5. 1 .1  Purpose 

Th e  pu rp o s e  o f  th i s  m e th o d  i s  to  d e te rm i n e  th e  s pe ckl e  co n tras t  o f  an  LD D .  Th e  m ai n  fo cu s  o f  
th i s  m e as u ri n g  m e th o d  i s  to  m e as u re  th e  s cre e n  s pe ckl e  co n tras t.  

5.1 .2  Measuring  condi tions 

Th e  app aratu s  co n s i s ts  o f  th e  fo l l o wi n g :  

•  a  d ri vi n g  p o we r s o u rce ,  

•  a  d ri vi n g  s i g n al  e q u i p m e n t,  

•  an  i m ag i n g  d e vi ce ,  

•  an  i m ag i n g  l e n s  an d  i ri s ,  

•  a  s cre e n  fo r  fro n t  pro j e cti o n  d i s pl ay.  

An  LM D  co n s i s ti n g  o f  an  i m ag i n g  l e n s ,  i ri s  an d  i m ag i n g  d e vi ce  s h o u l d  be  bas e d  o n  th e  M TF  o r  
th e  P S F  o f  th e  h u m an  e ye  p e rce pti o n .  [2 ]  Th e  i m ag i n g  d e vi ce  s u ch  as  a  C C D  o r a  C M O S  
o u tpu t  s i g n al  s h o u l d  h ave  a  l i n e ar re s po n s e  to  th e  i n ci d e n t  l i g h t  abo ve  th e  d ark cu rre n t  n o i s e  
l e ve l .  Fu l l  we l l  capaci ty s h o u l d  be  l arg e  e n o u g h  fo r  th e  m e as u re m e n t  n o t  to  be  affe cte d  b y 
s h o t  n o i s e .  Th e  S N R  i s  m o re  th an  1 0  an d  th e  d ark cu rre n t  n o i s e  i s  l e s s  th an  0 , 1  e l e ctro n s .  
Th e  i m ag i n g  d e vi ce  s h o u l d  h ave  e n o u g h  re s o l u ti o n  to  re s o l ve  th e  m i n i m u m  s u b j e cti ve  s p e ckl e  
g rai n  s i z e  cau s e d  b y th e  i ri s  ( s e e  An n e x B ) .  

N O TE  F o r th e  n o i s e  o f  th e  i m ag i n g  s e n s o r,  re f e r  to  C h ap t e r 3 :  P h o to n  Tran s f e r  N o i s e  S o u rce s  i n  [ 4 ] .  F o r  th e  
c h arac te ri s ti cs  o f  th e  i m a g i n g  s e n s o r,  re fe r  t o  An n e x  D .  

5.1 .3  Measuring  the  monochromatic  speckle  contrast  of  front  projection  

Th e  m e as u re m e n t s h al l  b e  pe rfo rm e d  as  fo l l o ws :  
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a)  P l ace  th e  D U T i n  fro n t  o f  th e  s cre e n .  Th e  p ro j e cti o n  d i s tan ce  s h o u l d  be  th e  s am e  as  th e  
n o m i n al  pro d u ct  d e s i g n  val u e s .  

b)  P l ace  th e  LM D  as  i n d i cate d  i n  F i g u re  2 .  Th e  m e as u re m e n t d i s tan ce  s h o u l d  be  th e  s am e  
as  th e  i n te n d e d  au d i e n ce  vi e wi n g  d i s tan ce .  

Th e  m e as u re m e n t  d i s tan ce  s tro n g l y d e pe n d s  o n  th e  D U T.  Fo r e xam pl e ,  a  m e as u re m e n t  
d i s tan ce  o f  th re e  t i m e s  th e  i m ag e  h e i g h t  i s  re co m m e n d e d  fo r  a  fu l l  H D  pro j e cto r.  A 
m e as u re m e n t  d i s tan ce  o f  5  m  i s  re co m m e n d e d  fo r a  ci n e m a p ro j e cto r.  

Th e  i m ag i n g  d e vi ce  s h al l  b e  p l ace d  at  th e  co n j u g ate  fo cal  p l an e  o f  th e  s cre e n .  

c)  Th e  p ro j e cti o n  i m ag e  o f  th e  D U T i s  a  s pati al l y  u n i fo rm  p atte rn  ( typ i cal l y  a  p ri m ary co l o u r R ,  
G  o r  B ) .  Th e  s p e ckl e  s h o u l d  be  m e as u re d  fo r  al l  pri m ari e s ,  wh e n  m u l t i - pri m ary s ys te m s  
are  m e as u re d .  Th e  i m ag e  s i z e  s h al l  b e  l arg e r  th an  th e  fi e l d  o f  vi e w o f  th e  LM D .  

d )  S e t  th e  co l o u r f i l te r i f  n e ce s s ary,  fo r  e xam pl e  avo i d i n g  an  u n n e ce s s ary o p ti cal  s i g n al .  Th e  
fi l te r  s h o u l d  tran s m i t  th e  p ri m ary co l o u r ch an n e l  o f  th e  pro j e cte d  i m ag e .  I t  i s  re co m m e n d e d  
to  app l y th e  o p ti cal  fi l te r th at  tran s m i ts  th e  pri m ary co l o u r s e p arate l y  to  m e as u re  th e  
s pe ckl e  co n tras t  o f  e ach  l i g h t  s o u rce .  

e )  F o cu s  th e  LM D  to  th e  pro j e cte d  i m ag e  o n  th e  s cre e n .  

f)  I t  i s  re co m m e n d e d  to  al i g n  th e  D U T an d  LM D  at  an  ap pro pri ate  an g l e  to  avo i d  s p e cu l ar 
re fl e cti o n  to  th e  LM D .  Fo cu s  th e  LM D  o n  th e  s cre e n .  

g )  C ap tu re  th e  i m ag e .  Th e  e xp o s u re  t i m e  s h al l  be  d e te rm i n e d  s o  as  n o t  to  s atu rate  th e  
i m ag i n g  d e vi ce .  

h )  C al cu l ate  th e  s pe ckl e  co n tras t  Cs  u s i n g  th e  fo l l o wi n g  e q u ati o n :  

 
I

C
σ

=s   ( 1 )  

wh e re  σ  i s  th e  s tan d ard  d e vi ati o n  o f  th e  s pe ckl e  patte rn  an d  I  i s  th e  ave rag e  o f  th e  
s p e ckl e  patte rn .  

 

Figure  2  – Example of  measurement  geometries  for   
monochromatic  speckle  contrast  of  front  projection  

N O TE  1  Th e  c o l o u r  f i l t e r  s e t  i n  fro n t  o f  t h e  D U T h as  a  b a n d p as s  p ro p e rty  f o r  e x t rac ti n g  o n l y  th e  ve ry  n a rro w 
“ m o n o ch ro m a ti c ”  b an d wi d th  o f  l as e rs  g e n e rati n g  s p e ckl e  ( s e e  An n e x A) .  I t  i s  o p t i o n al  p art i c u l arl y  wh e n  th e  o th e r  
l i g h t  s o u rc e s  af fe ct  th e  s p e ckl e  c o n tras t  ( s e e  I E C  6 2 9 0 6 - 1 - 2 : 2 0 1 5 ,  2 . 3 . 5 ) .  Th e  c ro s s t al k i n vo l vi n g  t h e  o th e r  l i g h t  
s o u rce s  i s  e l i m i n a te d  d u ri n g  th e  m e as u re m e n t.  

IEC  

S p e cu l ar  re fl e ct i o n  

P P U T  
( s c re e n )  D U T  ( LD D )  

C o l o u r f i l te r  ( o p t i o n al )  

I ri s  

I m a g i n g  l e n s  

NA I r i s - I m a g e  

NAS c re e n - I r i s  

NAD U T - S c re e n  
LM D  

I m ag i n g   
d e vi ce  
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N O TE  2  F o r  a p p l i c ati o n s  u s i n g  s p e ci fi c  e ye p i e c e s ,  s u ch  as  3 D  g l as s e s  wh i c h  h ave  d i ffe re n t  o p ti c al  p ro p e rti e s  
( p o l ari z a ti o n  o r wave l e n g t h - b an d ,  e tc. )  b e t we e n  th e  ri g h t  an d  l e ft  e ye s ,  a p p ro p ri ate  o p ti cs  wh i c h  h a ve  th e  s am e  
o p t i c al  p ro p e rti e s  as  th e  e ye p i e c e s  i s  s e t  i n  fro n t  o f  LM D .  

5.1 .4  Measuring  the  monochromatic  speckle  contrast  of  rear  projection  

I t  i s  as s u m e d  th at  a  s cre e n  i s  a  co m p o n e n t  part  o f  th e  re ar pro j e cto r.  

a)  P l ace  th e  D U T an d  th e  LM D  as  i n d i cate d  i n  Fi g u re  3 .  Th e  m e as u re m e n t  d i s tan ce  s h o u l d  
b e  th e  s am e  as  th e  i n te n d e d  au d i e n ce  vi e wi n g  d i s tan ce .  

b)  Th e  p ro j e cti o n  i m ag e  o f  th e  D U T i s  a  s pati al l y  u n i fo rm  p atte rn  ( typ i cal l y  a  p ri m ary co l o u r R ,  
G  o r  B ) .  Th e  i m ag e  s i z e  s h al l  be  l arg e r th an  th e  fi e l d  o f  vi e w o f  th e  LM D .  

c)  S e t  th e  co l o u r f i l te r i f  n e ce s s ary,  fo r  e xam pl e  avo i d i n g  an  u n n e ce s s ary o p ti cal  s i g n al .  Th e  
fi l te r  s h o u l d  tran s m i t  o n l y  th e  p ri m ary co l o u r ch an n e l  o f  th e  p ro j e cte d  co l o u r.  I t  i s  
re co m m e n d e d  to  ap p l y th e  o p ti cal  f i l te r  th at  tran s m i ts  th e  pri m ary co l o u r s e p arate l y  to  
m e as u re  th e  s p e ckl e  co n tras t  o f  e ach  l i g h t  s o u rce .  

d )  F o cu s  th e  LM D  o n  th e  s cre e n .  

e )  C ap tu re  th e  i m ag e .  Th e  e xpo s u re  t i m e  s h al l  be  d e te rm i n e d  s o  as  n o t  to  s atu rate  th e  
i m ag i n g  d e vi ce .  

f)  C al cu l ate  th e  s pe ckl e  co n tras t  Cs  i n  th e  s am e  m an n e r as  i n  5 . 1 . 3  g ) .  

 

Figure  3  – Example of  measurement  geometries   
for  monochromatic  speckle  contrast  of  rear  projection  

5.2  Cal ibration  and  d iagnosis  of  the  LMD 

5.2.1  General  

To  ach i e ve  an  accu rate  an d  re p e atabl e  Cs  m e as u re m e n t,  cal i brati o n  an d  d i ag n o s i s  o f  th e  
LM D  are  i m p o rtan t.  Th e  s ch e d u l e d  cal i brati o n  an d  d i ag n o s i s  are  re co m m e n d e d .  

Th e  e n ti re  cal i brati o n  s h al l  be  carri e d  o u t  b y  fro n t  pro j e cti o n ,  n o t  by  re ar pro j e cti o n .  

Th e  apparatu s  co n s i s ts  o f  th e  fo l l o wi n g :  

•  a  co n ti n u o u s - wave ,  n arro w- ban d wi d th  an d  l i n e arl y- po l ari s e d  co h e re n t  l i g h t  s o u rce  
s tabi l i s e d  i n  a  s i n g l e  l o n g i tu d i n al  an d  tran s ve rs e  m o d e  s u ch  as  a s tab i l i s e d  H e /N e  l as e r 
wi th  a  fre q u e n cy ban d wi d th  l e s s  th an  2 0  M H z  fo r  h i g h  Cs  cal i brati o n ;  

•  a  po l ari s e r;  

•  an  i n co h e re n t  l i g h t  s u ch  as  i n can d e s ce n t  l am p fo r  l o w Cs ;  

•  a  pro j e cti o n  l e n s ;  

IEC  

N o rm a l  to  
s c re e n  

C o l o u r f i l te r  
( o p ti o n al )  

I r i s  

I m a g i n g  l e n s  

NA I r i s - I m a g e  

NAS c re e n - I r i s  

D U T  

LM D  

I m ag i n g   
d e vi ce  
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•  a  d i ffu s e  re fl e ctan ce  s tan d ard  s cre e n  wh i ch  h as  an  app ro xi m ate  Lam be rti an  s catte ri n g  
p ro p e rty.  

N O TE  Th e  s u rfac e  t e x tu re  o f  re f l e ct an c e  s ta n d ard s  m a y vary  a n d  a ffe ct  th e  ab s o l u t e  s p e ckl e  c o n tras t  val u e .  A  
s i n g l e  re fl e c tan c e  s t an d a rd  s am p l e  i s  d e s i g n at e d  as  th e  re fe re n c e  wh e n  co m p ari n g  re s u l ts .  

5.2.2  Cal ibration  procedure  and  d iagnosis  for  the  h ighest  Cs  

Th e  m e as u rabl e  h i g h e s t  val u e  o f  Cs  o b tai n e d  fro m  an  al m o s t  pe rfe ct  co h e re n t  l i g h t  s o u rce  as  
s p e ci fi e d  i n  5 . 2 . 1  s h al l  be  u s e d  fo r  th e  h i g h e s t  Cs  cal i brati o n  as  th e  Cs  val u e  cl o s e s t  to  th at  fo r 
a  fu l l y  d e ve l o pe d  s pe ckl e  ( FD S ;  Cs  =  1 ,  s e e  3 . 1 ) .  

a)  P l ace  th e  LM D  as  i n d i cate d  i n  Fi g u re  4 .  

b )  S e t  th e  co h e re n t  l i g h t  s o u rce  at  th e  po s i ti o n  o f  th e  “ l i g h t  s o u rce ”  i n  Fi g u re  4 .  

c)  Th e  pro j e cti o n  be am  s h al l  be  co l l i m ate d  an d  th e  pro j e cte d  are a s h al l  be  l arg e  e n o u g h  to  
o ve rfi l l  th e  m e as u re m e n t  are a.  

d )  S e t  a  s cre e n  an d  al i g n  th e  D U T an d  LM D  at  an  ap pro pri ate  an g l e  to  avo i d  s p e cu l ar 
re fl e cti o n  to  th e  LM D .  

e )  S e t  a  po l ari s e r i n  fro n t  o f  th e  i m ag i n g  l e n s .  

f)  Al i g n  th e  po l ari z ati o n  pl an e  o f  th e  po l ari s e r  i n  th e  s am e  d i re cti o n  as  th at  o f  th e  co h e re n t  
l i g h t  s o u rce .  

g )  F o cu s  th e  LM D  o n  th e  s cre e n .  

h )  C ap tu re  th e  i m ag e .  Th e  e xp o s u re  t i m e  s h al l  be  d e te rm i n e d  s o  as  n o t  to  s atu rate  th e  
i m ag i n g  d e vi ce .  

i )  C al cu l ate  th e  s pe ckl e  co n tras t  Cs  i n  th e  s am e  m an n e r as  i n  5 . 1 . 3  g ) .  

j )  R e po rt  th e  o b tai n e d  s pe ckl e  co n tras t  Cs  

 

Figure  4  – Example  of  measurement  geometries  for  Cs  cal ibration  

Th e  m e as u re d  h i g h e s t  Cs  val u e  s h al l  be  l arg e r  th an  0 , 9 7 .  O th e rwi s e ,  th e  LM D  s h al l  be  
ad j u s te d  to  b e  l arg e r  th an  0 , 9 7 .  

5.2.3  Cal ibration  procedure  and  d iagnosis  for  the  lowest  Cs  

Th e  m e as u rabl e  l o we s t  val u e  o f  Cs  o b tai n e d  fro m  an  i n co h e re n t  l i g h t  s o u rce  s u ch  as  an  
i n can d e s ce n t  l am p  o r  a  wh i te  LE D  wi th  u n i fo rm  i l l u m i n ati o n  s h al l  be  u s e d  fo r  th e  l o we s t  Cs  
cal i brati o n  as  th e  Cs  val u e  cl o s e s t  to  th at  fo r  th e  p e rfe ctl y  i n co h e re n t  cas e  o f  Cs  =  0 .  

a)  P l ace  th e  LM D  as  i n d i cate d  i n  F i g u re  4  ( wi th o u t  th e  po l ari s e r) .  
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b)  S e t  th e  i n co h e re n t  l i g h t  s o u rce  at  th e  po s i ti o n  o f  th e  “ l i g h t  s o u rce ”  i n  Fi g u re  4 .  

c)  Th e  pro j e cti o n  be am  s h al l  be  co l l i m ated  an d  th e  pro j e cte d  are a s h al l  be  l arg e  e n o u g h  to  
o ve rfi l l  th e  m e as u re m e n t  are a.  

d )  Al i g n  th e  D U T an d  LM D  at  an  appro pri ate  an g l e  to  avo i d  s p e cu l ar  re fl e cti o n  to  th e  LM D .  

e )  F o cu s  th e  LM D  o n  th e  s cre e n .  

f)  C ap tu re  th e  i m ag e .  Th e  e xp o s u re  t i m e  s h al l  be  d e te rm i n e d  s o  as  n o t  to  s atu rate  th e  
i m ag i n g  d e vi ce .  

g )  C al cu l ate  th e  s pe ckl e  co n tras t  Cs  i n  th e  s am e  m an n e r as  i n  5 . 1 . 3  g ) .  

h )  R e po rt  th e  o btai n e d  s pe ckl e  co n tras t  Cs .  

Th e  m e as u re d  l o we s t  Cs  val u e  s h al l  be  s m al l e r  th an  0 , 0 2 .  O th e rwi s e ,  th e  LM D  s h al l  be  
ad j u s te d  to  be  s m al l e r  th an  0 , 0 2 .  
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Annex A 
( i n fo rm ati ve )  

 
Spectral  behaviour of  the LD 

A.1  Spectral  behaviour of  a  sing le-long i tudinal  mode LD 

A s i n g l e - l o n g i tu d i n al  m o d e  LD  u s u al l y  o pe rate s  wi th  a  ve ry n arro w s i n g l e  s pe ctral  l i n e  
( l o n g i tu d i n al  m o d e )  as  i n  F i g u re  A. 1 .  Th e  re l ati o n s h i p  to  s pe ckl e  co n tras t  i s  d e s cri b e d  i n  d e tai l  
by  G o o d m an  [1 ] .  

 

Figure  A.1  – Example  of  spectral  behaviour of  a  sing le-long i tud inal  mode LD 

A.2  Spectral  behaviour of  a  mul ti - long i tud inal  mode LD 

A m u l ti - l o n g i tu d i n al  m o d e  LD  u s u al l y  o pe rate s  wi th  a  b u n ch  o f  m an y s p e ctral  l i n e s  as  i n  
Fi g u re  A. 2 .  Th e  re l ati o n s h i p  to  s pe ckl e  co n tras t  i s  d e s cri be d  i n  d e tai l  b y  G o o d m an  [1 ] .  

 

Figure A.2  – Example  of  spectral  behaviour of  a  mu l ti - long i tud inal  mode LD 
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Annex B  
( i n fo rm ati ve )  

 
Recommendation  on  imag ing  sensor pixel  size 

Th e  m i n i m u m  s u b j e cti ve  s pe ckl e  g rai n  s i z e ,  ss u b j  i s  g i ve n  as  fo l l o ws :  

 
subj

subj
sin2 θ

λ
=s  ( B . 1 )  

wh e re  λ  i s  th e  wave l e n g th  o f  co h e re n t  b e am  an d  θs u b j  i s  th e  h al f- an g l e  be twe e n  two  co h e re n t  
b e am s  fro m  o ppo s i te  e d g e s  o f  th e  e ffe cti ve  d i am e te r o f  th e  i m ag i n g  l e n s  at  th e  i m ag e  s p ace .  
θs u b j  can  be  g i ve n  b y:  

 )
2

arctan(subj
f

D
=θ  ( B . 2 )  

wh e re  D  i s  th e  i ri s  d i am e te r an d  f i s  th e  fo cal  l e n g th  o f  th e  l e n s .  As s u m i n g  th at  f i s  5 0  m m  an d  
λ  i s  5 3 2  n m ,  ss u b j  at  vari o u s  D  val u e s  i s  g i ve n  i n  Tab l e  B . 1 .  Al s o  ss u b j  i s  p o tte d  as  a  fu n cti o n  
o f  th e  F - n u m be r (f /D)  i n  Tab l e  B . 1  an d  F i g u re  B . 1 .  

Table  B.1  – Example  of  ssubj  

D  ( m m )  s
subj  

(µm )  

0 , 4  6 6 , 5  

0 , 8  3 3 , 3  

1 , 2  2 2 , 2  

1 , 6  1 6 , 6  

2 , 0  1 3 , 3  

2 , 4  1 1 , 1  

2 , 8  9 , 5  

3 , 2  8 , 3  

3 , 6  7 , 4  

4 , 0  6 , 7  
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Figure  B.1  – Min imum subjective  speckle  g rain  size  as  a  function  of  the  F-number 

To  re s o l ve  th e  s pe ckl e ,  th e  C C D  pi xe l  s i z e  i s  re q u i re d  to  be  at  l e as t  h al f  th e  s i z e  o f  ss u b j  
acco rd i n g  to  th e  s am pl i n g  th e o ry [8 ] .  
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Annex C 
( i n fo rm ati ve )  

 
Fundamental  formulation  of speckle contrast   
and  the effects of  measurement  variables 

C.1  Fundamental  formulation  

Th e  fo rm u l ati o n  o f  s pe ckl e  co n tras t  i s  g i ve n  by G o o d m an  [1 ] .  Th e  s pe ckl e  co n tras t,  Cs ,  i s  
b as i cal l y  e xp re s s e d  as  fo l l o ws :  

 
MK

KM
C

1±+
=s  ( C . 1 )  

wh e re ,  M i s  th e  te m po ral  d i ve rs i ty,  an d  K i s  th e  s pati al  d i ve rs i ty.  I n  th e  cas e  o f  M≫K≫1 ,  
E q u ati o n  ( C . 1 )  can  be  app ro xi m ate d  by th e  fo l l o wi n g  e q u ati o n :  

 

ScreenDU T

I ri sScreen
s

−

−≈≈
NA

NA

K
C

1
  ( C . 2 )  

wh e re ,  NAD U T- S c re e n  i s  th e  n u m e ri cal  ap e rtu re  o f  th e  pro j e cto r  i l l u m i n ati o n  l e n s ,  an d  NAS c re e n -

I ri s  i s  th at  o f  th e  i m ag i n g  l e n s  ( s e e  Fi g u re  2 ) .  E q u ati o n  ( C . 2 )  i m pl i e s  th at  Cs  d e pe n d s  o n  th e  
p ro j e cti o n  d i s tan ce ,  th e  o bs e rvati o n  d i s tan ce ,  an d  o th e r  m e as u re m e n t  vari abl e s .  Th e re fo re ,  
s u ch  vari abl e s  s h o u l d  be  care fu l l y  ch o s e n  wh e n  Cs  i s  m e as u re d .  

An  e xam pl e  o f  th e  e ffe cts  o f  s u ch  vari abl e s  i s  s h o wn  i n  C l au s e  C . 2 .  

C.2  Effect  of  observation  d istance and  i ris  radius 

NAS c re e n - I ri s  i s  re d e fi n e d ,  u s i n g  th e  i ri s  d i am e te r D  an d  th e  o bs e rvati o n  d i s tan ce  Lo b s  as  
fo l l o ws :  

 
obs

I risscreen
2/

L

D
NA =−   ( C . 3 )  

Fi g u re  C . 1  s h o ws  an  e xam pl e  o f  m e as u re m e n t  re s u l ts  o f  Cs  fo r  a  l as e r  pro j e cto r.  Cs  i s  p l o tte d  
b y ch an g i n g  th e  i ri s  rad i u s  an d  o bs e rvati o n  d i s tan ce  [9 ] .  Th e  h o ri z o n tal  axi s  i s  th e  n o rm al i z e d  
NAS c re e n - I ri s  re d e fi n e d  as  E q u ati o n  ( C . 3 ) .  
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Figure  C.1  – Measurement  resul t  of  Cs  by chang ing  NAscreen-I ri s  
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Annex D 
( i n fo rm ati ve )  

 
Possible errors and  their sources 

E ve n  b y pe rfo rm i n g  th e  p ro ce d u re  d e s cri be d  i n  th i s  s tan d ard ,  th e re  m i g h t  b e  facto rs  th at  s ti l l  
cau s e  e rro rs  i n  th e  m e as u re m e n t.  Th e  fo l l o wi n g  are  s o m e  e xam p l e s  o f  p o s s i b l e  e rro r s o u rce s :  

a)  Li n e ar o pe rati o n  o f  th e  LM D .  M an y m ach i n e  vi s i o n  cam e ras  d e fau l t  to  g am m a o pe rati o n .  

b)  U s e  o f  a  m o n o ch ro m e  s e n s o r fo r  th e  LM D .  I n  parti cu l ar,  co l o u r  s e n s o rs  o n  co m m e rci al  
cam e ras  i n tro d u ce  a  s pati al  l u m i n an ce  arte fact  d u e  to  patte rn s  o f  co l o u r f i l te r  array o n  th e  

s e n s o r（e . g .  B aye r patte rn ) ,  wh i ch  wi l l  be  m e as u re d  as  s p e ckl e .  

c)  I l l u m i n ati o n  u n i fo rm i ty:  an y n o n - u n i fo rm i ty  i n  th e  i l l u m i n ati o n  fro m  th e  d i s pl ay d e vi ce  o r  i n  
th e  o p ti cal  path  wi l l  be  m e as u re d  as  s p e ckl e  u n l e s s  co rre cte d .  

d )  Th e  S N R  o f  th e  s e n s o r wi l l  co m pro m i s e  th e  ab i l i ty  to  m e as u re  l o w s pe ckl e  val u e s .  M o re  
th an  1 2  b i ts  are  re co m m e n d e d  to  m e as u re  1  % s p e ckl e .  

e )  S cre e n  s u rface  n o n - u n i fo rm i ti e s ,  i n cl u d i n g  p e rfo rati o n s  i n te n d e d  fo r  s o u n d  tran s m i s s i o n  
wi l l  b e  m e as u re d  as  s pe ckl e .  

f)  Th e  pi xe l  s tru ctu re  o f  th e  i m ag e r ( p i xe l i s ati o n )  m ay affe ct  s pe ckl e  co n tras t.  

g )  Lo n g  i n te g rati o n  t i m e s  (>  ≈40  m s )  re q u i re  h i g h l y  ri g i d  m e as u re m e n t  s ys te m s .  
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