
2) 

30th Conference of Experimental Stress Analysis 
30. konference o experimentálnl analýze napiti 
2. - 5. 6. 1992 CWT Praha CzeCh08lovakla 

MEASUREMENT OF D ISP LACEMENT BY SPECKLE CORRELATION . 

MERANIE POSUNUTIA POMOCOU SPECKLE KORELÁC I E . 

B ro zman D .  

v � l an k u  j e  pop í s ané me ran i e  po sunut i a  pomocou speck l e  

kore l ac i e . ve 1 ko s ť  posunut i a  j e  odvodena z po l o h y  max ima 

med z i kore l ačne j  fun k c i e  i n t en z i t ných 

speck l e  p o 1 om p red a po posunut í .  

rezov o b j e k t í vnym 
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Seve r a l  me thods are av a l l ab l e  f o r  me asur i n g  d i sp l acemen t 

by u s i n g  ho l og r aph i c  

( 1 ] , ( 2 ] . S pe c k l e  pat terns , 

and 

wh i ch 

spec k l e  

resu l t  

i n t e rferome t r y  

f ro m  random 

i n t e r ference of l aser l i g h t  s c a t t e red b y  a d i f fus i ve surface , 

e n ab l e  to me asure d i sp l acemen t s  and s t ra i n  i n  a w i de range . 

I n  t h i s  p aper i s  p resen ted a me t h od of me asur i n g  d i sp l acemen t 

f ro m  spe c k l e  d i sp l acemen t ,  wh i c h  was p roposed by Yamaguch i 

( 3 ] . 

Spe c k l e  d i sp l aceme n t  c aused by surface d i sp l aceme n t  ( 4 ]  

c an be t heore t i c a l l y  der i ved f ro m  t h e  peak po s i t i on . o f  t h e  

c ro s s -corre l a t ion func t i on bet ween t h e  i n tens i t y 

d i s t r i but i o n s  at an obse rvat i o n  p l an e  before and a f t e r  the 

d i sp l acemen t . The c r o s s - co r re l at i o n  fun c t ion c an  b e  e xp ressed 

( 5 ] t h rough 
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< I" K l I z  ( K + � I > 

where I. , I. are i n t en s i t y d i s t r i b u t ions before and after t he 

d l sp l acemen t ,  respe c t i ve l y .  C omp l ex amp l i t ude U , at the 

observat i on po i n t  before o b j ec t  d i sp l aceme n t  is g i ven by 

Fresne l -K i rkhoff d i ffrac t ion i n tegral [ 6 J  

Ul l X' l = II .. Io (  x l  exp [ i k ( Lz (  x l  + L p (  x ,  x' l ) J d s  ( 2 )  

and a f t e r  o b j e c t  d i sp l aceme n t  

UZ l X' l = II"IO (  x + A x  I exp [ i k  ( Lz ( x + A X ) + L. P (  x + 6 X , x' + .o X' ) ) J d s  ( 3 )  

I f  we sub s t i t u t e  ( 1 ) , ( 2 ) , ( 3 ) , assume i n t en s i t y f l uc t uat ion 

.o I = I - < I > and as sume that the corre l at ion patch of the 

m i cro scop i c  f l uc t ua t i o n  of comp l e x  amp l i t ude o n  the o b j ect i s  

much sma l l e r  t h e  the beam spo t and t h at the root mean square 

surface roughness is l arger t h an the l aser wave l e n g t h  [ 7 J , 

c ross -corre l a t ion f un c t ion b e c o me s  to re f le c t  f i g . l 

< d I l  ( X' ) d I z (  x' H I > = I IJ .. IO (  x l  I o (  x + .o x ) exp { i k [  x/Lp ( t - dX '> J } d s  1 : 4 ) 
For r ange o f  the corre l at ion i . e . for sma l l v a l ue o f �x ,  the 

cross -corre l at ion f un c t ion g i ve n  by ( 4 )  t akes i t s  max i mum at 

t = .oX' and t h us dX
' 

means the spe c k l e  d i sp l aceme n t  c aused by the 

ob j ec t  d i sp l acemen t . In t h e  c ase of f i g . l ,  t he speck l e  

d i sp l aceme n t  i s  g i ven b y  

A X  ( 5 ) 

An e x amp l e  of the i n t en s i t y d i st r ibut i o n s  i s  shown i n  

f i g . 2 .  The s i gn a l s  rep re se n t d i sp l acement x = l O O�m . I t  was 

measured and ve r i f i ed t h a t  speck l e  d i sp l acemen t i s  
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p ropo r t iona l to ob j e c t  d i sp l acemen t , as shown � i g . 3 .  We c an 

see good p ropo r t i on a l i t y  b e t ween ob j e c t  d i sp l aceme n t  and t he 

peak sh i � t  o� t he c ro s s -corre l at ion �unct ion . 

F i e . 2 .  I n t.n . i t v  d i . t r i bu t i an .  in D� •• �.tiDn p I an. b.for. 

And af ter a b J e c t  d i .p l acemen t . Ba ttam dependence .haw. 

a cro •• -carre l _t1an f un c t ion And 

Autocorre l .tion func tion . 



speck le 
d l.plece .. nt 
[I",d 188 

-188 · · · · · f . . . . . . . .  � . . . . . . . .  : . . . . . . . .  � . . . . . . .  . 

.. ;� . . . . . . . .  · · · · · · · · + · · · · · · · ·1 · · · · · · · · ; · · · · · · · ·  

, :  : :  
-ZB81+---+-���

I
-r

:
---r---r--_

:
r--;r-� 

-288 -188 8 188 288 

object d lsplaceMent �N) 

F i � . 3 .  O.pen d.ne. of tne . p ec k l e  d i ap l ac emen t on tne c b j _ c t  

d i .p l .c emen t f Q �  d i f f e r e n t  Lz . 
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