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PREFACE 

H a d Benjamin Franklin been exposed to the phenomenon of laser 
speckle , and its ensuing growth as a topic of research to eventual applica-
tion as a metrological tool , he might possibly have called upon Poor 
Richard to sententiously document its history thusly: 

Eliminate that which is bo the r some, 
And your work shall be the bet ter for it; bu t— 
Find a use for that which offends thee , 
And thou shalt be twice rewarded . 

Indeed , laser speckle , that granular , often annoying pat tern produced 
upon laser illumination of a diffusely reflecting object, came into promi-
nence as the holographer ' s adversary . While continuing to some degree in 
that role , although several clever proposals and advances have mitigated 
its degrading influence, it has been recognized that straightforward 
speckle photography, quite frequently in double exposure , is extremely 
useful in its own right. Fu r the rmore , of all the many popular ized laser 
character is t ics , such as extremely large peak powers , a high degree of 
monochromat ic i ty , long coherence lengths, and excellent collimation, 
laser speckle is perhaps the easiest to exploit because in the simplest case 
only a camera is required together with the laser . Da ta reduct ion tech-
niques for the resul tant processed specklegrams, or al ternatively, direct 
photoelectr ic measurement of the speckle character is t ics , have been suc-
cessfully developed and applied to the measurement of displacement and 
strain, vibration and deformation, and surface roughness to name jus t 
three major categories . And interestingly enough, a most convenient form 
of da ta reduction for speckle photographs is based upon Thomas Young 's 
demonstrat ion in the early 1800s (just a score of years after Frankl in might 
have set down his fitting maxim) of the interference of light emerging from 
a dual pinhole arrangement . Thus , in the late 1960s, using Young 's work 
of over 150 years earlier in confirming the wave theory of light, a new field 
of measurement , speckle metrology, evolved, which has been properly 
nur tured and sufficiently developed to the point where the present volume 

xiii 
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was felt appropr ia te . The intent, of course , is to gather together in one 
volume representat ive examples of the extremely diverse array of met-
rological speckle techniques and applications that have been successfully 
developed and duly repor ted , albeit in widely scat tered journa ls and in-
stitutional documents . 

The book considers both the theoretical concepts and the experimental 
methods for performing speckle-based measurements , and thus serves the 
research and development communi ty as well as the practicing engineer in 
industry. In this way , it is hoped to provide stimuli to the former in the 
generation of new techniques and applications and further refinement of 
existing methods , while offering the latter the necessary background and 
tools to incorporate speckle measurement sys tems into their instrumenta-
tion, inspection, and quality assurance depar tments . Consequent ly , con-
siderable detail is provided in describing the methodology, system 
geometr ies , data reduct ion p rocedures , and specific applicat ions. Follow-
ing two short chapters that in t roduce speckle terminology, more fully 
outline the b o o k ' s contents , and briefly descr ibe the physical character is-
tics of speckle , the three major areas of application enumera ted above 
are presented in individual chapters . Then comes one chapter devoted to 
a discussion of the adaptat ion of speckle measurement techniques to 
video recording and processing technology, followed by three chapters on 
various specific applications of speckle , including its utility in the area of 
s t ructures inspection. Finally, there is a chapter , intended to serve both 
the designer and potential user , on the speckle interferometer since this 
instrument is one of the most widely used for metrological speckle 
applications. 

The editor wishes to acknowledge and thank all the contributing au-
thors from throughout the world , along with those who provided 
additional illustrative material , for making this book possible. Thanks is 
also due to several members of the Uni ted Technologies Research Center 
staff who aided in various ways throughout the preparat ion and produc-
tion per iods . I wish especially to acknowledge E . C. Wingfield for his 
considerable interest in and encouragement of the project from inception 
to publication. I am also indebted to K. Csaszar and S. Giggey for their 
continuing help with the tasks of figure preparat ion and typing. 



SPECKLE METROLOGY 

C H A P T E R 1 

INTRODUCTION 

Robert K. Erf 

United Technologies Research Center 
East Hartford, Connecticut 

Once the very nemesis of the holographer , speckle has now been profit-
ably exploited and developed into a new optical metrological tool in its 
own right. Indeed , in 1973 Applied Optics recognized the burgeoning 
activity in the field by including " S p e c k l e P a t t e r n s " as a topic heading 
in its annual index, albeit two of the three entries were concerned with 
techniques for reducing speckle in holographic exper iments . In the follow-
ing year , 1974, an identical topic heading was in t roduced in the annual 
index of the Journal of the Optical Society of America, and within two 
years the number of entries was over 75. It should be noted, however , 
that the d iscovery and early pract ical applications of speckle metrology 
occurred in England , followed closely by developments in o ther Euro-
pean countr ies . Consequent ly , the first important papers in the field ap-
peared in well-read foreign publicat ions such as Journal of Physics E: 
Scientific Instruments, Optica Acta, Optik, Optical Communications, and 
Optics and Laser Technology. This will become apparent as the reader 
studies the var ious reference lists throughout the book . 

Fur the r , the universali ty of the work in this emerging technology con-
t inues, with scientists and engineers from countr ies throughout the world 
devoting their energies and resources to its development . An examinat ion 
of the cont r ibutors ' list to the present vo lume , as well as the illustrative 
mater ial , aptly points this out , for it includes wri ters and/or examples of 
work from Belgium, Germany , Great Britain, Japan , N o r w a y , Sweden , 
Switzer land, the Uni ted Sta tes , and Venezuela. Jus t as significantly, 
workers from almost any single one of the aforementioned countr ies could 
have provided the bulk of the material contained herein. Thus , it was by 
design that a multiplicity of nationalities is represented to provide a di-
verse array of viewpoints on the subject. 

Although the phenomenon of speckle is most often associated with the 
" tw ink l ing" appearance of objects i l luminated with a laser , the history of 
speckle , or specklelike phenomena , p reda tes the invention of the laser , in 
the early 1960s, by well over 100 yea r s . N o t surprisingly, such great 
names as Newton and Lord Rayleigh have been associated with the 
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2 ROBERT K. ERF 

phenomenon of speckle [1.1]. Howeve r , the intended purpose of this mul-
t iauthored work is to deal with modern-day applications of the speckle 
process , with an emphas is on actual engineering measurement p rob lems , 
together with extensive reference lists for obtaining further information. 
This is but one of the several current interests in speckle pa t te rns that 
have evolved since the advent of lasers , which include such diverse topics 
as information processing and stellar interferometry as well as the ongoing 
eiforts with regard to speckle reduct ion. 

Certainly, it was the last-noted i tem, reducing the t roublesome effects 
of laser speckle in holography, that spurred the quite intense study of 
speckle and eventually brought it to the stage of practical utilization that it 
enjoys today . Fur ther , it was perhaps with this same considerat ion in 
mind that Stetson, in a review paper [1.2], facetiously quest ioned: 
4 4

. . . how many scholars would be willing to say that the most practical 
thing holography has done is to have called our attention to laser 
spec k l e ? " I would think none , for there are a myriad of engineering mea-
surement tasks amenable to various optical me thods , of which speckle 
and holography are bu t two , and even be tween these a choice must be 
made dependent upon the paramete rs of the problem. Thus , it would 
seem, as Stetson noted later in his paper , that bo th will play important 
roles in the future of optical metrology, most especially because of their 
ability to provide full surface coverage of test componen ts . There a re , 
however , advantages and disadvantages to bo th , and throughout the pre-
sent volume comparisons and trade-offs be tween the two will be pointed 
out where appropr ia te . 

Speckle metrology spans a ra ther wide variety of techniques , all of 
which generally fall into one of two categories: direct laser (speckle) pho-
tography and speckle interferometry. The distinction be tween the two is 
somewhat subt le , since both involve photography (or some al ternate ap-
propria te means of visualization), and both involve interference. Tha t is, 
speckle photography certainly depends on the optical proper t ies of 
speckle , which is itself the result of interference, and , further, utilization 
of ei ther method (speckle photography or speckle interferometry) gener-
ally involves examination of the result in such a way as to yield fringes 
indicative of the object motion. Thus , in actuali ty, it may be said that 
there are no great differences be tween the t w o . In prac t ice , there are 
differences, and these were nicely categorized by Stetson in 1975 [1.2]. H e 
suggested that if there are regions in the two images where the speckle 
pat terns of each are well corre la ted, let the process be referred to as 
speckle photography. If, ins tead, the fringes form as a result of fluctua-
tions in the correlation of the speckle pa t te rns be tween two images, 
whe ther or not there is translation be tween the correlated port ions of the 
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pa t te rns , let the process be called speckle interferometry. There a re , of 
course , differences in the experimental ar rangement of the components 
and additional ways of defining these two general speckle p rocesses . In-
deed , many prefer to think of speckle interferometry as in-line, o r on-axis, 
image plane holography, for the similarity of the setups is clear. More 
important ly , however , bo th methods have been experimental ly adapted to 
metrological p rob lems in a large variety of ways that are descr ibed and 
illustrated throughout the book . 

As a further introduction to the present text , Chapte r 2 reviews some 
basic proper t ies of speckle , and Chapte r 3 presents a brief considerat ion 
of speckle statist ics, together with a detailed discussion of its application 
to the problem of surface roughness measurement . In addit ion, some 
background material relative to the development of speckle technology is 
included in Chapte r 6, in conjunction wi th that chap te r ' s pr ime topic of 
electronic speckle pa t te rn interferometry (ESPI) . 

Perhaps the greatest interest in this new metrological tool lies in its 
ability to detect and measure surface movement . Chapters 4 and 5 set 
down the basic approaches to the measurement of displacement and 
strain, and vibration and deformation, respect ively. The following chapter 
then il lustrates the compatibil i ty of these speckle techniques with video 
sys tems, a development which further indicates the at t ract iveness of 
speckle for pract ical engineering applications in industry . This a rea of 
s tudy, referred to as electronic speckle pa t te rn interferometry (or E S P I , 
as indicated above) , offers the obvious advantages of T V display and 
video tape s torage, coupled with the potential capability for sophist icated 
electronic processing in conjunction with compute r s . 

Fur the r utility and adaptat ion of the var ious basic experimental speckle 
techniques to the s tudy of trajectories (Chapter 7) and to topology and 
s t ructures inspection applications (Chapter 8) are then descr ibed. It is 
especially with regard to the lat ter , where some large s t ructures are con-
sidered, that the compatibil i ty of pulsed lasers with speckle work be-
comes apparent . This brief note is included here in o rder to emphas ize 
this versati le aspect of the technology, since the tendency toward con-
t inuous wave (cw) lasers in discussing methodology might lead one to 
believe that pulsed lasers , as well as large objects , are inappropriate 
sources , and subjects , for speckle application. Fur the r discussion (Chap-
ter 9) of several specialized and unique specific applications of the speckle 
process to metrological p roblems includes a few examples that reem-
phasize the point that pulsed lasers are amenable to speckle photography 
and interferometry. Contained therein (Chapter 9) are discussions and 
illustrative examples of its utility in such areas as crack detect ion in 
concre te , white light speckle methods , detect ion of loose relay contac ts , 


