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Abstract—This paper proposes an effective method for 
improving the processing quality and speed of Moiré pattern 
segmentation. The method involves using quantum-behaved 
particle swarm optimization(QPSO) based on two-dimensional 
(2D) entropy theory.First, the beat phenomena generated by 
grating interference, also called a Moiré pattern fringe, 
areextracted through FFT filtering. Subsequently, the fringe is 
segmented by two thresholds with maximized 2D entropy based 
on a QPSO algorithm. Verifying the experimental results showed 
that the proposed approach enabled obtaining an improved 
segmentation quality, fast computing performance, and favorable 
convergent effects. 
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I INTRODUCTION 
Shadow Moiré is a simple and powerful optical method 

that involves using an intuitive geometric relation of patterns 
to obtain information of surface points and surface profiles for 
objects.The method is easy to adapt and suitable for 
application in industry because it doesnot entail excessive 
costs. However, because of light source stability, space noise, 
and signal feedback, asshadow Moiré patterntransmitted into 
an optical device can result in noise light entering the detector; 
thus, most of the raw pattern data cannot be interpreted 
directly.To eliminate the noise and enhance the pattern, image 
processing techniques such as FFT and gradient tendency are 
frequently used for analyzing the data of Moiré patterns. Ping 
Zhong et al. [1]proposed the vary-coefficient Laplacian 
operation to enhance the contrast of an original Moiré fringe 
pattern followed by manual binarization, thinning, and 
repairing the enhanced image.R.C. González and R. E. 
Woods[2]adopted Otsu's solution by using a local inter-
variance estimate to determine a threshold that yielded an 
optimal binarization value for making binarized images clearer. 
Wang [3]useda particle swarm optimization(PSO) method to 
evaluate the threshold value of images. Thierry Pun et 
al.[4]presented a two-dimensional (2D)entropy method for 
estimating global threshold of patterns. K. Hammouche et 
al.[5]proposed a 2D entropy method combined with a GA 
optimization method for determining the threshold of 
maximum entropy. Hubing Du[6]provided an analytical 
method for calibrating the sensitivity of a shadow Moiré 

system without the need for additional calibration experiments 
prior to measurement. However,accurate image processing 
needs timeconsuming and doesnot involve estimatingthe 
variance at every pixel of an image. In this study, FFT and 2D 
maximalentropy based onquantum-behaved particle swarm 
optimization (QPSO)were used to extract Moiré information 
and rapidly analyze the stability of the segmentation method 
and to obtain accurate information. The process 
involvedcounting the pixel distribution and subsequently 
determining the maximal entropy at a specific pixel value for a 
threshold. 

II PRINCIPLE 
Shadow Moiré is a full-field and noncontact optical 

measuring technique that involves using geometric 
interference between a reference grating and its shadow on a 
sample to measure relative vertical displacement at each pixel 
position in the resulting image.[7] As shown in Figure 1, the 
raysfrom the light source arrive at Point A and are detected by 
a receiver. The dashed line represents the master grid and its 
period is g.  
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FIGURE I. SCHEMATIC OF SHADOW MOIRÉ 

The shadow of the grid projected as black blocks on the 
object surface is the reference grid or specimen grid. Points A, 
B, C, and D represent the position of the light arriving at the 
object. The variable α is the angle of the incident, and β is the 
angle of the reflection with respect to the normal direction of 
the reference grating. The variable W is the depth between the 
object and the grating that is measured by the number of Moiré 
fringes N between two particular points on the object. Through 
geometric analyzing, the mathematical formulationcan be 
expressed as follows. W ൌ N୲ୟ୬஑ା୲ୟ୬ஒ g                                    (1) 
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III PATTERN PRE-PROCESSING 
The pre-processing procedure includes a Laplacian 

operator and low-pass filterfrom FFT that are used to extract 
the Moiré fringe. Equation (2) is the Laplacian operator used 
for edge extraction of an image. The imagefeatures2-D 
information; consequently, the Laplacian equation also 
features two dimensions.  ׏ଶI ൌ பIப୶ ൅ பIப୷                                                   (2) 

Fሺu, vሻ ൌ ∑ ∑ Iሺx, yሻeି୨ଶ஠ቀ౫౮M ା౬౯N ቁNିଵ୷ୀ଴Mିଵ୶ୀ଴                       (3) 

I ሺx, yሻ ൌ ∑ ∑ ଵMN Fሺu, vሻe୨ଶ஠ቀ౫౮M ା౬౯N ቁNିଵ୴ୀ଴Mିଵ୳ୀ଴                           (4) 
According to(2), the FFT operation is used for a low-

frequency tendency of these extracted edges of an imageand 
removing the noise from the image. Let I(x, y)in Eq. (3) be 
animage before transformation and x and y be the spatial 
position. M and N are the size of an image, u and v are the 
position of thefrequency domain. The variable F(u, v) 
represents the spectrum in the frequency domain. The variable 
I' in Eq. (4) is a low-pass image of the frequency domain that 
is a pure low-frequency image andsuperior tothat of the spatial 
domain. 

IV TWO-DIMENSIONAL ENTROPY SEGMENTATION 
Two-dimensionalentropy [8] represents a particular 

entropy theory used in image processing. One of the 
dimensions is related to every pixel;the second dimension is 
related to its eight neighboring pixels,and the third dimension 
is count-related to the other two dimensions; they thus form a 
3-D histogram of pixels, which is used for calculating 2-D 
entropy. A top view of a3D histogram is shown in Figure 2, 

A

CB

D

s

t

0

 

FIGURE II. TOP VIEW OF A 3D HISTOGRAM 

where s is a threshold for the center pixel in a local nine-
square region, and t is another threshold for its eight 
neighboring pixelsaverage and its range in [0,255] when using 
an 8-bit image. In a typical image, the tendency of pixel 
distribution is concentrated at the diagonal, involved in A and 
C.The B and D regionsfeature an extreme contrast between the 
center pixel and its eight neighboring pixels,indicating an 
unnatural region. Entropy theory can be appliedto determine 
the threshold and the maximal amount of valuable information 
in an image. The 2-D entropy is defined as follows. 

HଶD ൌ log൫PሺAሻ൯ ൫1 െ PሺAሻ൯ ൅ HሺAሻPሺAሻ ൅ ൫HሺLሻ െ HሺAሻ൯൫1 െPሺAሻ൯         (5) 

where PሺAሻ ൌ ∑ ∑ p୧୨୲୨ୀ଴ୱ୧ୀ଴ is the summation of probabilityfor 
event Aand s HሺAሻ ൌ ∑ ∑ p୧୨ logୠ p୧୨୲୨ୀ଴ୱ୧ୀ଴  is 2-D Entropy in 
region A. HሺCሻ ൌ ∑ ∑ p୧୨ logୠ p୧୨Lିଵ୨ୀ୲ାଵLିଵ୧ୀୱାଵ  is 2-D Entropy of 
C region and HሺLሻ ൌ ∑ ∑ p୧୨ logୠ p୧୨Lିଵ୨ୀ଴Lିଵ୧ୀ଴  is 2-D Entropy 
includes the information of A, B, C, and D. In addition, i, j is 
the index variable and pij is the probability of occurrence of 
the pixel pair, center pixel and the average grey value of its 8-
neighborhood points. 

V OVERVIEW OF PARTICLE SWARM 
OPTIMIZATIONANDQUANTUM-BEHAVED PARTICLE SWARM 

OPTIMIZATION 
The PSO algorithm is a fast optimization method based on 

bio-inspired dynamic behavior.[9][10] It imitates biological 
clustering, flying, and search processes.  However, a classical 
PSO algorithm cannot converge to a global solution in a 
search space. S. Jun[11]used the QPSOalgorithmto addressthis 
disadvantage. Updating the position inQPSO 
algorithminvolves considering only the position of potential 
adequately described according to a probability density 
function. Therefore, QPSO algorithms exhibit a wide search 
capacity and have fewer loopsin updatinga particle's 
position.The QPSO algorithm is proposed as (6)–(8) 

p୧ ൌ மభכ୮ౢ౥ౙ౗ౢ౟ ାமమכ୮ౝౢ౥ౘ౗ౢமభାமమ                                         (6) 

L ൌ ቀଵୡቁ כ ฬ∑୮ౢ౥ౙ౗ౢ౟୫ െ x୧ሺtሻฬ                                 (7) 

x୧ሺt ൅ 1ሻ ՚ p୧±L כ ln ቀଵ୳ቁ                                 (8) 

where Ԅଵ, Ԅଶ and u are uniformly distributed random number. 
m is the total number of particles. p represents the attraction 
center of potential well, p୪୭ୡୟ୪୧  is the best position of ith 
particle experienced, p୥୪୭ୠୟ୪ is the best position of all particles 
experienced and weighted by Ԅଵ and Ԅଶ, respectively. L is the 
characteristic length of potential well and c is a constant which 
always specified large than 1 to guarantee the convergence of 
QPSO. When the L is determined, the position of each particle x୧ is updated through (8) and the symbol “՚” is used to show 
next iteration. 

VI RESEARCH PROCEDURE 
In this study, the pre-processing steps of the original Moiré 

fringe include a Laplacian operation and alow-pass operation 
of FFT. The subsequent steps involve segmentation based on 
2D entropy criteria with QPSO fordeterminingthe 
maximalentropy to segment a low-pass image. The total 
processing procedure is shown in Figure 3. 
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