
Techniques of Optical Spatial Filtering Applied to the 

Processing of Moird-fringe Patterns 

A coherent optical system which forms the image 
of an object in two stages is described. Spatial 
filtering is performed at the first-image plane 

by Fu-pen Chiang 

Introduction 
The  process of  optical  spatial  filtering in a coherent  
light sys tem alters the  input  signal (e.g., the  light 
dis turbance t r ansmi t t ed  through a moir6 pat tern)  
by placing spatial  filters along the optical  pa th  of  
the light in such a way tha t  the ou tpu t  signal is 
modified in a prespecified way. Fil tering can be 
categorized into ampli tude,  phase and  complex 
depending upon whether  it is performed to the  
ampli tude,  phase or both, respectively,  of the  light 
disturbance.  Although spat ial  filtering is not new, 
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major  advancemen t s  have  been made  only recently,  
no tably  by  Vander  Lug t  1 and  Cutrona ,  ~ among  
others. 

Since m a n y  techniques in exper imenta l  stress 
analysis  are optical  methods,  it is na tura l  to find 
applicat ions of spat ia l  filtering to the  processing of 
exper imental  data.  Examples  of  contr ibut ions  
along this direction are the  works of de H a a s  and  
Loof, a Post,4, 5 Sciammarella,6 and  Holister.  7 Pre- 
sented herein are some techniques of  ampl i tude  
filtering applied to the  process of  moir6 pat terns .  

Basic Optical Arrangement 
The  basic optical  a r rangement  used in this note  

is a two-dimensional  optical  filtering sys tem shown 
in Fig. 1, in which the  object  to be filtered is placed 

Fig. 1--Arrangement of 
the components of an 
optical spatial filtering 
system 
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a t  plane P1, filtering is performed at  plane P2, and  
the  final image formed in plane P~. I f  f(x,y) de- 
notes the complex ampl i tude  of the light flux a t  
plane P, f ront  focal plane of lens L1), the  complex 
ampl i tude  of the  light flux a t  plane P2, i.e., the  
diffraction spec t rum of f(x,y) is expressed by  the  
Fourier  t ransform of f(x,y),  i.e., 

= ff: f(x,y)ei(Pz+qY)dxdy (1) F(p,q) 
~ w  

in which (x,y) and (p,q) are the  coordinates a t  the 
f ront  and back  focal planes of lens L1, respectively. 
Since different signals have  different Fourier  
t ransforms and, thus, different spatial  distr ibutions 
of  their  diffraction spectrum, eq (1) renders itself as 
the  basis for spat ial  filtering. Indeed,  if a certain 
signal f rom a moire pa t t e rn  is not  wanted on the  
final picture, it can be el iminated by  prevent ing its 
diffraction spec t rum f rom entering the second imag- 
ing lens, and if a certain signal has too much  a share 
of the  to ta l  energy distribution, its energy can be 
reduced a t  the  spec t rum plane (P2) by  placing 
neutral  densi ty filters along its optical  path.  As a 
demonst ra t ion  of diffraction phenomena  and  for 
use in the  following section, the diffraction spectra  
of  a 300-1pi one-directional grat ing and a 1000-1pi 
crossed grating are shown in Fig. 2. 

Applications of Spatial Filtering 

Separation of u-field and v-field Moird Patterns 

In  applying the  moire method,  both  the  u-field 
moire and the  v-field moire are required for a com- 
plete determinat ion of the  s ta te  of strain of a plane 
model. T h e y  are usually obtained by  ro ta t ing  the 
mas te r  grat ing through an angle of  90 deg. How-  
ever, as pointed out by  Post,  8 an inaccurate  ro ta t ion  
will cause serious shear errors and it is advisable to 
form both  u- and v-field pa t te rns  s imultaneously by  
employing a crossed grating as master .  For  this 

technique it  would be desirable somet imes  to sepa- 
ra te  the  two pa t te rns  for reducing the possible con- 
fusion caused by the  tangling of two sets of  fringes. 
The  following methods  are presented for this pur- 
pose. 

M E T H O D  A - - I f  a t r ansparen t  model pr in ted  with a 
crossed grating is placed a t  plane P1 in Fig. 1, its 
diffraction spect rum will be displayed a t  plane P2 
with a configuration similar to the one shown in 
Fig. 2(b), consisting of a two-dimensional  a r ray  of 
orders. This  diffraction spect rum is then  collected 
by  lens L2 to form an image of the model grating in 
plane P3. I f  an identical mas te r  grating is placed 
a t  plane P3, it will interfere with the  image of the 
model grating upon deformat ion to fo rm a moire 
pat tern .  This  is similar to the conventional  way of 
forming moire pa t t e rns  a t  the back  of a camera.  
However ,  if  a mask  is placed a t  plane P~ in such a 
way tha t  only a horizontal array of the  orders of the  
diffraction spect rum is allowed to pass through the 
optical system, the v-field moire fringes will be com- 
pletely el iminated f rom the image plane Ps. This  
is because now the effective diffraction spec t rum is 
equivalent  to t ha t  of a one-directional line grating 
as shown in Fig. 2(a). Similarly, if this  mask  is 
turned 90 deg so t ha t  only a vertical a r ray  of orders 
is allowed to go through the system, the  u-field 
moire fringes will be el iminated f rom the image 
plane. An example is given in Fig. 3 where (a) is 
the  pa t t e rn  before filtering and (b) and  (c) are the 
pa t te rns  af ter  filtering. The  mask  is made  of a 
piece of black paper  with a cut-out  window having a 
width slightly larger t han  the d iameter  of  the dots 
and a length long enough to let a t  least two neigh- 
boring orders pass through.  

M E T H O D  B - - I f  the model  is opaque or the  loading 
appara tus  for the model is such t ha t  i t  is impossible 
to be put  into the optical  system, then  the  following 
method  should be applied: the crossed-moirE pat-  
tern is first formed by the conventional  method  and 

Fig. 2--Photographs of 
the diffraction spectra of 
gratings 

(a) 300-1pi one-directional grating (b) lO00-1pi crossed grating 
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(a) Cross-moire-fringe pattern (b) U-family (c) V-family 

Fig. 3--Separation of moire-fringe families with master grating at second image plane 

recorded on a piece of film together with the crossed 
grating lines. This film (negative) is then placed 
into the optical system at plane P1 and the filtering 
process followed. The diffraction spectrum is of 
the same appearance as tha t  of a regular crossed 
grating, except tha t  the information contained in 
each order has been modulated by the moir6 
fringes. While the (0,0) order contains both u- 
field and v-field fringes, any one order along the 
central horizontal array of orders contains only u- 
field fringes and any one order along the central 
vertical array of orders contains only v-field fringes. 
Therefore, if a mask with a hole is placed at  plane 
P2 to let one order along the central horizontal (or 
vertical) array, except the (0,0) order, go through 
the optical system, only the u- (or v-) field fringes 
will be seen at plane P3. An example is given in 
Fig. 4 where (a) is the original crossed-moir6 pat- 
tern and (b) and (c) are the filtered versions of the 
u-field and v-field fringes, respectively. The fringes 
thus obtained are not continuous and the discon- 
tinuities occur at  the places where fringes belonging 
to the other field have been eliminated. However, 

the overall features of the pat terns are preserved 
and they are now less confusing to analyze than the 
original crossed-moir6 pattern. 

Filtering of Noises 

Another  application of spatial filtering is the sup- 
pression of noises from moir6 patterns. For  noises 
to be filterable, they should not have the same spa- 
tial frequencies as tha t  of the moir6 fringes. I f  
they do not, the diffraction spectrum of noises and 
that  of moird will occupy different positions at  the 
transform plane P2. A mask can then be made in 
such a way that  only the spectrum of moird is 
allowed to go through the optical system, and 
noises are thus eliminated from the final picture. 
An example is given in Fig. 5 in which a badly 
scratched moir6 pat tern  is shown corrected by the 
process of filtering. I t  is obtained by letting a 
diffraction order, least entangled with the spectrum 
of the noises, go through the optical system. Not  
all the noises are eliminated by the filtering, as can 
be seen from the picture. However, the quality is 
definitely improved. 

Fig. 4--Separation of moire-fringe families 
after the cross-fringe pattern is recorded 
on film 

(a) Cross-fringe pattern (b) U-family (c) V-family 
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Fig. 5--Noise suppression 
by optical spatial filtering 

(a) Before (b) After 

Contrast Improvement 

In  1966, de Haas  and Loof  3 used the Shlieren set- 
up to improve  the  contras t  of  moir$ pa t te rns  ob- 
tained by  the  Lightenberg method.0, 10 T h e y  
claimed tha t ,  in order to apply  their  technique to 
moirg pa t te rns  formed by  plane gratings, it would 
be necessary to introduce a large amoun t  of mis- 
ma tch  to diffract the  light. 

I t  is not necessary to introduce mismatch  if the 
background grating can be recorded on film together  
with the moir~ pat tern .  The  diffraction of light is 
then, of course, achieved by  the  grating. An ex- 
ample  of contras t  improvemen t  is given in Fig. 6, 
in which (a) is the  pa t t e rn  before and (b) a f ter  
filtering. No mismatch  was introduced in the pat-  
tern. Fur thermore ,  even if the  grat ing is not  
resolved by  the film, filtering is still possible by  
using a highly coherent  light source (e.g., laser) and 
enlarging the diffraction spectrum. Filtering can 
then  be done by  placing neutral-densi ty  filters to 
reduce the energy of the undiffracted light. 

Conclusion 
I t  is seen tha t  with the optical  spatial-filtering 

sys tem described in the note, m a n y  filtering opera- 

tions can be performed either to facil i tate the  inter- 
pre ta t ion or to improve  the quali ty of moir6 pat-  
terns. 
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Fig. 6--Photographs show- 
ing contrast improve- 
ments of a moire-fringe 
pattern 

(a) Before filtering (b) After filtering 
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