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Abstract: Mirror based passive moiré target has been studied mathematically and numerically. Mathematical model of the
passive moiré target at CCD camera sensor plate has been developed mathematical considering its orientations. Based on the
mathematical model, the moiré patterns are simulated for the proposed passive target. The simulated resulted are compared to
the moiré pattern produced by the existing passive moiré target. From the numerical results, it is found that the proposed

passive moiré target exhibits better sensing capacities.
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1 INTRODUCTION

Moiré fringes based sensing technology plays an
important role in shape and position control, medicare,
biomechanics, liquid wave analysis and sophisticated
orientation determination, due to the non-contact nature of
the measurement [1-3]. The moiré technique amplifies the
small changes into sensible ranges by low cost and simple
arrangement. For the position and orientation sensing
system, the moiré arrangement which changes its pattern
according to the observer position and orientation without
using light source is desirable. This type of moiré
arrangement is called passive moiré. On the other hand, the
moiré sensing systems require lighting arrangement to
make grating pattern are called active moiré [4-5]. The
research on passive moiré has been reported recently by
different authors in which, a moiré target has been proposed
by using two same types of specimen gratings attaching in
opposite sides of a transparent substrate [6-7]. In this case,
the moiré fringes become visible due to interaction of the
two gratings which response to the position and orientation.
The linear gratings are utilized in these reports and
mathematical formulations have been developed for the
arrangements. In this report, mirror based passive moiré
target has been proposed in which only one specimen
grating is required. In the two gratings passive moiré
arrangement, two precisely identical gratings should be
attached similarly in opposite sides of a substrate. But, the
present mirror based one grating arrangement is free from
these limitations. To the best of our knowledge, the
mathematical or experimental reports on mirror based
moiré fringes have not published yet. In this paper,
mathematical formulations have been developed based on
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the orientation of the moiré target. The mathematical
relations indicate the intensity of moiré fringes captured by
the CCD sensor. The specimen grating function and the
reflected grating functions are multiplied to form the moiré
pattern. The low frequency term represents the moiré
pattern.

The article is organized as follows: in section 2, the
mathematical relations have been developed, in section 3,
the simulated results from the mathematical relations will
be shown, and at last we will draw a conclusion.

2 Mathematical Formulations

For developing mathematical formulation of the moiré
fringe, the equation of 2D target plane in three dimension
space has been derived. Then the equation of the line that
passes through camera image plane point and focal point of
the camera (projection line) are also derived. The
intersection point of the target plane and projection line has
been calculated. This intersection point grating intensity is
the image intensity. For calculating the second grating
(reflected grating) image intensity the optical ray reflection
theory has been used. Then the image intensity function has
been multiplied for getting moiré fringes image.

For deriving the mathematical equation consider the fig.1.
First the formulations are developed based on target plane
origin. Here (x,y,Z) is a point on the rotated target
plane. The X and Y-axis rotational angles are @ and ﬁ
respectively. The relation between the rotated plane point

(x,¥,z7) and corresponding before rotation plane point
(x',y', Z") can be expressed by the following equation:
x' cos 8 0
y'|=| sin Bsin @

sin X
—cosBsin@| y (1)
cos fcosl || z

cos @

'

z —sin fcos@ sin @

From the fig.1, we can write z'=0 as we consider the
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Figl. One-dimensional moiré target

target plane canter as origin. Putting z'= 0 in equation (1),
we have:

-b . .
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(2)
This is the equation of the rotated target plane considering
origin at target plane centre. But if we consider origin at
camera image sensor centre, then we have to modify the
ax—b
=y
One dimensional model of camera image scanning process
is shown in fig.2. In fig. 2, FOV is the field of view of the

equation (2) by the following:
(3)
C
camera, [ is the focal length of the camera. From fig.2,

c
c=cosfcosb

we can write the following equation:

— XmaX
tan(FOV /2)

(4)

The straight line from target plane to image sensor plane
passes through focal point (0,0, f) and image sensor

plane point (X;, ;). So, the equation of the straight line is
X=X _Y=YVi_Z

RSN 2 5)

-y f

To determine the point of rotated target plane whose
intensity are scanned by the image sensor plane point

—X;

(x,,¥,), we have to find out the intersection point of
equation (3) and (5). After some calculation and
simplification, the coordinate of the intersection point on
rotated target plane has been evaluated as following:
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Fig.2: Camera image scanning process
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It is easier to obtain the intensity at point (X,y,z) by

(6)

finding the before rotation point of point (X, y, 7) . If before
rotation coordinate is(x', y', Z'), we are interested in only

x'and ¥'. We can write the expression of x' and y' as

(7)

following:
x'=xcosf + zsin B

y'=xsinBsin @+ ycos @ — zcos Bsin 8

If the target plane grating is Fresnel zone plate (FZP), the
intensity of first grating at camera image sensor plane can
be expressed by equation(8)

12 12
Gl(xﬂyi):COS(—x ;y J (®)

The second grating is the reflected image of the attached
grating (i.e. first grating). The simplified one-dimensional
representation of optical ray diagram of target considering
Y-axis rotation is shown in fig.3. This figure shows how
grating illuminates the camera image sensor plate by
reflection. So, from fig.3, it is found that image sensor point
A is illuminated by the intensity of grating point B and C.
Here, the target rotates around Y-axis and the rotation angle

is [.In case of X-axis rotation, the situation is shown in
fig.4. From fig.3 and fig.4, the Z-axis rotation will not
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Fig.3: One-dimensional view of reflected grating
considering Y-axis rotation

affect on the expression of dx and dy . So, the image
sensor point (x;,y;)will also illuminated by the point
(x'+dx, y'+dy) of the grating by reflection. If we

consider x”=x"+dxand y” =y +dy, the equation of

the intensity of the reflected grating can be expressed
according to the equation

x//2+y//2
G2(x,,y,)=cos * ¥ _ 9
R e

The equation of the moiré fringes with grating can be
expressed by the following equation

I(Xi,yi)=G1(x,-,y,»)G2(X,«, y,') (10)
we are interesting only in low frequency moiré. So, the
captured moiré can be modeled by the equation

' ' 2 2
I(xi,yi)=cos[2x dx+2y'dy +dx” +dy J(ll)

IA

3 Simulated Results

Then numerical experiment has been performed based on
the developed mathematical relations for the proposed
moiré target. The simulated results for the proposed moiré
target have also been compared with the two gratings moiré
targets [6]. For numerical experiments, the parameters are
selected considering the experimental conditions. The
parameters are: field of view of the camera is 20 degree,
both width and height of CCD sensor is 24mm, focal length
is 30mm. From the simulated results, it is found that three
closed contour moiré fringes are produced when distance
from CCD to sensor target is 100mm and rotational angles
are set to zero, which is shown in fig.5. Two closed contour
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Fig.4: One-dimensional view of reflected grating
considering X-axis rotation

moiré fringes are produced in this case for the two grating
moiré target which is shown in fig.6. Three closed contour
and one open contour moiré fringes are observed when
rotation around X-axis is 2 degree (€ =2degree) which
is shown in fig.7. For the 2 degree angular rotation, two
closed contour moiré fringes are produced for the two
grating moiré target as shown in fig.8. When both X
(@=2degree) and Y-axis (f =2degree) rotational
angles are present, the number of contour remains same, but
the moiré fringes orientation has been changes according to
the ratio of @ and ,3 as shown in fig.9. So, moiré fringes
with higher number of contours are observed in our
proposed moiré target. As the sensitivity depends on the
numbers of contour, the proposed passive moiré target is
more sensitive.

4 Conclusion

The moiré patterns produced from the proposed mirror
based moiré target are compared with the moiré target
described in [6]. For the same values of rotational angles,
the proposed moiré target produced more contours moiré
pattern, which enhances the sensing capacity and increases
sensitivity.
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Fig.5: Low frequency moiré fringes
from proposed target when Fig.8: Low frequency moiré fringes from
6=0,8=0,h=100mm existing target when

6=0,0=2,h=100mm

Fig.6: Low frequency moiré fringes
from existing target when

6=0,5=0,h=100mm

Fig.9: Low frequency moir¢ fringes from
proposed target when

6=2,=2,h=100mm
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