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Simultaneous Addition and Subtraction of Optical Images

by Using the Extended Incoherent Source
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Abstract

A technique of optical image synthesis with an extended incoherent source is presented and
compared with the coherent method. A holographic diffraction grating is fabricated by using
Michelson interferometer, and by equalizing the 8th-order to the 2nd-order diffraction effici-
ency, complex amplitude addition and subtraction of optical images are simultaneously
realized, The experiment shows that the quality of synthesized optical images in the incoherent
method is improved in comparison with that of the coherent method by suppressing the
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coherent artifact noise.

1. Introduction

Optical image synthesis (subtraction and
addition) is one of the most important method
for information processing, and must be a
powerful application to the recognition of
similiar patterns or characters, fault detection
of electronic circuits, urban development, and
automatic tracking, etc. In 1965, Gabor et al.
first introduced the optical image synthesis
by complex amplitude addition and subtraction
and in 1969, Bromley et al, proposed a holo-
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graphic Fourier subtraction technique, for
which a real-time image and a previously re-
corded hologram can be subtracted. In 1978,
the technique of optical image synthesis using
diffraction grating was proposed by Lee et al.
However, coherent image processing is succepti-
ble to coherent artifact noise, which frequently
limits their processing capability, and the
technique using incoherent source has been
studied.

As a result, in 1979, Yu and Tai proposed a
technique using incoherent point source, but
to obtain the spatial coherence requirement for
image processing, a very small point source is
needed, and it is almost impossible to obtain a
incoherent point source which has the power
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efficiency applicable to image processing. Thus,
to satisfy the coherence requirement source
encoding method which samples the extended
incoherent source according to the application
of image processing has been studied. In 1981,
Yu et al. introduced the technique which
sampled the extended incoherent source and
verified that the image quality of incoherent
method was improved in comparison with
that of coherent by suppressing the coherent
artifact noise experimentally.

In 1984, Chartwright proposed the con-
ception of the incoherent image processing
using the cross-spectral density function which
was first introduced by Mandel and Wolf.

In this paper, we adopt the method of Yu
and Wu, and by equalizing the 8th order tec the
2nd order diffraction efficiency of phase
grating, we show that simultaneous addition
and subtraction of optical images can be
realized, and the number of the channel can be
increased more than 3 times.

I1. Propagation of Correlation Functions

Consider the case of which the light disturb-
ances V(x;, t) and V(x,'t) at points x;, X’
respectively, of the plane A propagate to the
plane B. If V(x,, t) and V(x;,t) are the com-
plex disturbances at points x,, x, " of the plane
B, by the Huygens-Fresnel principle, we have

V (x t)=/\’<xl, e ) Kb
V(x;,t):/V(x,’,t~ R, |

&K 7 dxg
where K=%e—x%{(]@ cos (n, R) is the
transmittance function of the system,and R,

R, are distances between the two planes, The
mutual intensity between two points x, and x,’

(1)

is given by

J (xa %) = (Vx5 1) V¥ (5, 1) (2)

By substituting eq.(1) into eq.(2), we

have
3oox) [ v =B v B
K (xy, Xs, v) » K{x}, x5 v )dx, dx{
=/f [V (X1, [) V* (X1, -+ T) IK (Xh Xg _;)

K*(x}, x5, V) - dwdx] (3)
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where r=&:—Ri represents time delay

between R; and R,.

H |z | is so small that for all frequencies, ie,
if | T | is small compared to the coherence time
of light, we may write as follows:

[V (x, t) V¥, t+ ] =[Vix, t) v* x5, 0]
=J (x5, x7)
(4)

Therefore, in the case of quasi-monochromatic
source, the correlation functions are

J(xa x3) :f I x7) Kz xs V)
K* {x, x5, ¥) dx, dx|

AP S ,
M (Xz» Xz) \/rm\fi-aﬁ‘] (Xz, Xz)
= C]/fﬂ(xlv X;) K(Xh X 7)
K* (x], x5, ) dx, dxi (5)
where C,= J—~—-—I (x) V1)

V1(xy) V1(x;)

In practice, consider the case of which the light
disturbances propagate along the z-axis in the
region of fraunhofer diffraction.

The complex disturbances at points x,,
x2', may be written

Vi 0= 2exp Ke) expl i)
[l &) el 1o

ryo Lo LT,
Vx5, t) T OXP (iKz) exp(JAZXZ )

0

f

2n

<x§, t— —é—) exp(}*] . x§x§>dx§
(6)

\

where K is the propagation constant and z is
the distance between two planes. Therefore,
the correlation functions between two points
Xq, x2' are
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I x5) =(V (35, ) V¥ (x5, 1)
2 2
exp Jt(xz“xz)
T Azt
/:/:n V(xy, t— V*(xl, t— }6)]

exp| —j—% (xlxz—x:x;)} drdi

/fJ(x.,x,

exP( MJ*XZ— (Xlxz“‘X{X;)] dx, dx;

exp{J
Az T T

(X, X3) = mJ (%2, x3)

=C2//m#(xn x1) exp

.2 ;s
*J% (x1X2“~~xlx2)l

dxldx: (7)
Ty i) exp[l,\ X3 XQZ)}
where Cy= Yres YT oz
III. System Analysis
Fig. 1 represents the partially coherent

optical processor with an encoded extended
incoherent source. According in eq. (2-7),
the complex degree of coherence at the plane
Po may be written as

5 (00,39 =Cs | Jeta ) 1) )

exp[*} 0 {X2x3— xzx;)] dx,dx; (8)

where {;(x,, X,') is the complex degree of
coherence at the input plane P, and Cj; is
constant, while t(x2) = f(xy—hp) + f (x,+
hg) is the input transparency function,

The amplitude transmittance function
of the phase grating is given by,
t(Xa)=exp[jan—Sin po(x3—0>J
-5 Jn( ) exp|in po(xa—a)}
n=-ow
(9)

(963)
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Fig. 1. Partially coherent optical image pro-
cessor with an encoded extended in-
coherent source ; S, mercury arc lamp;
MS, multislit mask; L;, condensing
lens, f; and f,, object transparencies;
G, phase grating; L,, L3, and L4,
Fourier transform lenses.

where  p,=2 nhy/Af and Jn is a Bessel func-
tion of the first kind, order n.

By the way, the complex degree of coher-
ence immediately behind the grating is

4 (x3, x3) =t (x5) t*(x3) st (x5, x5) (10)

and if we consider the first order of the grating
13 (x5, x3) may be written,

45 (X3, X3) =[J.<%) exp! jpo (xs— a)!

m

~-'J,(’ﬂ2) expf*’jpo(xs"a”]
lJ,(E) expl —jpo (x5~ a)! *J'(‘2a>

expljp, (x;~a)l] a5 (xs, X5) (11

The intensity distribution at the output
plane P4, may be written as the form of Fourier
transform of u; (3, x3), 1. e.

I(X.)=C4/fu$ (x3, x5) exp j%(xs“x;)m dxadx;
(12)

where C4 is a constant.

1. Image addition around the origin of the
output plane P,(n"=0,%1 32 )



224

@n"+1)r
2

exp (jpo) =j (—1)™
exp (—jpea) =—j (1"

when pa=

and by substituting eqs. (8), (9),
into eq. (12), we have

and (11)

1(x)=Cs f f Cete (ke x5) 1 (xa—ho) 2 (xa+ho)'

{£¥(x3—ho) + 17 (x5 +ho)!
48 (x,—x,—he) §(—x3+x,+hy)
48 (x,—xi—hy) &(—x3+x,—ho)
468 (x,—x,+hy) &(—x3+x,+he)

+é (X2“X4+ho) 8(‘—X;+X4"ho)}]dxzdxg.

(13)

where C,= —CJ ,<%> and & (x) is the dirac
delta function,

Because u, (x,, x;) takes the form of s, (x,—x})
and #(x) can be written as x*(-x), intensity
distribution may be re-written as follows:

I(XA) =Mz (0), | £, (XA) I*+ |, (X4) >+ 1 £, (XA“Zho) ?
+ | f, (x4+2h0) '2' + (Zho) f, (Xt) f)zk (Xt)
+#;; (Zho) f’nk (X4> f, (XA) (14)

Hence, the intensity distribution around the
origin of the output plane P, is

Io(xt) = l 23] (2}10) [ |f (XA) +fz(x4) |*
+i1—| /12(2]'10) [+ 11, (Xl) P+ fz(xc) %
(15)

From the above equation we see that if the

degree of coherence | u,(2h,)| is high, i.e.
| 12, (2he) | =1, eq. (15) reducesto
Io(xa) = | fl (X4) +fz (XA) lz (16)

Eq. (16) shows that image addition takes place
around the origin of the output plane P4in the
case of pooa=(2n"+1)7/2.

2. Image subtraction around the origin of
the output plane P,

(964)
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when ppa=n"7 (n"=6, +1, +2,-)

exp (jma) =exp (—jpa)
=(—-D"

In a similiar fashion, the intensity distribution
is given by

Io(XA) = | M2 (2}10) bl f, (Xf'fz (X4) |2
H1= | @) 1) |

+ [ (x) 1 17

Also, we see that in the case of | &, (2h,)| =1,
output pattern around the axis of P, has the
form of image subtraction, i.e,

I, (XA) = ‘ f, (Xc) —f, (X.) |2 (18)

3, Coherence requirements
1) Spatial coherence requirement

From egs. (16 ) and (18) we see that in the
case of | u,(2h,)| =1, image subtraction or
addition takes place around the origin of the
output plane. In practice, the spatial coherence
requirement for image synthesis can be
obtained by sampling the extended incoherent
source spatially, that is, the complex degree
of coherence, g, (x,, x;) over the input plane
P, can be written as,

2 (X2, X5) =Csf1 (x1) expt 7j2/\_7fr (Xfxé)x‘}dx.

19)

where I(x;) is the intensity transmittance
function of the sampling mask and Cs is a
constant., Suppose that we sample the extend-
ed incoherent source with N numbers of narrow
slits, then we have

X, —n

S

I(xy) :ni‘,l rect( (20)

d’)
where S is the slit width and d is the spacing
between slits. By substituting eq. (20) into

eq. (19), the complex degree of coherence
over the input plane P, may be written
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I3

sin‘N;r ;lf (x,—xé)]

”% (Xz_X;)}

Ha (Xz_X;) -
N sin

zS

sinc[Tf (x,wxé)} [¢3))

and if d’ is equal to d, the spacing of the phase
grating (i.e. d'=d), the spatial coherence func-
tion becomes

sin(Nn hi)
(X —x3) = —-—~°—‘sin0<7r a%) (22)
Nsin(ﬂ}%) o
0
where d=d'=fA/hg. From eq. (22), we see

that the complex degree of coherence exists
at every x,— X,’= Af/d’ in the form of narrow
pulses and the width of the pulses is inversely
proportional to the number of slits, N,

2) Spectral coherence requirement

In order to obtain the accurate image
synthesis in the incoherent optical image
processing, the spread of Fourier spectrum with
wavelengthes must be within a small fraction
of the grating space, d, i.e,

Pm f
o Ar<d (23)
where py, is the highest angular spatial fre-

quency of the input objects, and AA is the
spectral bandwidth of the source,

By substituting d=fA/hy into eq. (23),
we have

AA _ 2¢

7 hepm (24)

Eq. (24) shows that the higher the spatial
frequency of the input objects, the narrower
the spectral bandwidth required.

IV. Experiment and Discussion

1. Fabrication of the diffraction grating and
the encoding mask
The system for fabrication of the holo-
graphic diffraction grating is shown in Fig, 2.

(965)
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Fig. 2. Michelson interferometer used for the
fabrication of the amplitude grating:
L, and L,, collimating lenses; M; and
M,, mirrors; HM, half mirror,

M1
y777775077771

M2

If the mirror M is tilted by 8, the angle on
the photographic plate between the two colli-
mated beams which pass through the half
mirror is 20, Two collimated beam cause the
interference on the photographic plate and
the grating space is d = A/2sinf. Therefore,
within the limit of resolution of the plate the

desired fringe space is obtained by controlling
0.

In this experiment He-Ne laser with maxi-
mum power 5mW is used and the spatial noise
is suppressed by using the pin-hole of the
diameter being 100um, We fabricate the
phase grating by bleaching the prefabricated
amplitude grating with chromium intensifier.

Also, for the satisfaction of spatial coher-
ence requirement for image synthesis, the
multi-slit mask-its width and space are 1 um,
247 pm, respectively— is fabricated on the
basis of Young’s interference experiment
by CAD.

2. Image synthesis and result discussion

In this experiment Mercury arc lamp with
maximum power 300W as an incoherent source
is used, The temporal coherence requirement
for incoherent optical processor is satisfied
by using a Yellow-Green interference filter;
its mean-wave length and effective width are
54614, 100A respectively,

1) Delicate adjustment of focus

In image synthesis the diffraction grating
must be placed exactly on the back focal
plane of Fourier transform lens for exact
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addition and subtraction of two input images.

In Fig., 1, when the diffraction grating is
not placed exactly on the back focal plane of
lens Ly , the fringes are shown in the output
pattern by effective optical path difference
of the input image f; and f,. Namely, the
bright fringes are shown at the point where
the effective optical path difference of two
input images is integral multiple of mean-
wavelength, Therefore, when the fringes on
the output pattern are completely disappeared,
we see that the diffraction grating must be plac-
ed exactly on the back focal plane.

The output pattern in which the diffraction
grating is out of focus is shown in photo 1.

Photo 1. Fringe pattern in which diffraction
grating is out of focus.

2) Addition around the origin of the output
plane P4

After the diffraction grating is completely
aligned to the back focal plane of lens Lj such
as experiment 2.1., we observe the output
pattern at the position to satisfy p.e= (2n'+1)7/2.

As the spacing of diffraction grating is
minute in actual case, the diffraction grating is
adjusted delicately by using the micrometer to
the normal direction of optical axis and the
output pattern which is added most clearly
around the origin is observed,

Photo 2. represents the output pattern
added around the axis which is the synthesis
of two circles and two characters, being
“YONSEI” and ‘YO SE*.

3) Subtraction around the origin of the
output plane P4

In the case of pea=n'n, the image
subtraction occurs on the axis. Like image
addition, first of all, the diffraction grating
is placed on the back focal plane of lens L 3.

And by adjusting delicately we obtain the
output pattern which is subtracted around
the origin most clearly.

(966)
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Photo 2, Output pattern added arouna we axis.

Photo 3. Qutput pattern subtracted around the axis.

Photo 4., QOutput pattern svnthesized by coherent

method.

Photo 3. represents the output pattern

subtracted around the origin,
When we examine photo 2 and 3, we see
that the reversal synthesis for the pattern
around the origin is occurred at the points fnhg
apart from the origin.

But at the points, away from the origin
more than 2hy, the difference of the efficiency
of diffracted light usea for image synthesis
is very large. So we cannot obtain the result
of right synthesis and because the diameter
of Fourier transform lens which is used in the
experiment is finite, there is a limit in the
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spacing and the size of the input image by
the spherical aberration, The output pattern
synthesized by coherent method is shown in
photo 4.

By comparing photo 2 and 3 with 4, as
expected, we see that the quality of synthesized
image in incoherent method is improved in
comparison with that of coherent method by
suppressing the coherent artifact noise,

V. Conclusion

In this paper, the phase grating with the
higher efficiency of the 1st order diffraction
is fabricated and the technique of optical
image synthesis with an extended incoherent
source is presented and compared with a
coherent method,

The phase grating is fabricated by bleach-
ing the amplitude grating with chromium
intensifier,

As the results the Ist order diffraction
efficiency is increased from 5% to 21% (about
4 times), on the contrary the 8th order is from
22% to 7% (about 3 times decrement), and by
equalizing the 8th order to the 2nd order
diffraction efficiency, complex amplitude
addition and subtraction of optical images
are simultaneously realized,

In the case of incoherent method, for the
satisfaction of spatial coherence requirement,
source encoding mask is designed and fabri-
cated.

In this paper, as the realization of simul-
taneous addition and subtraction, information
processing time is reduced less than half and
the quality of synthesized optical image in
incoherent method is improved in comparison
with that of coherent method by suppressing
the coherent artifact noise.

[10]
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