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Abstract. A relation between spatial coherence function and source encoding intensity
transmittance function is presented. Since the spatial coherence is depending upon the
information processing operation, a strictly broad spatial coherence function may not be
required for the processing. The advantage of the source encoding is to relax the constraints
of strict coherence requirement, so that the processing operation can be carried out with an
extended incoherent source. Emphasis of the source encodings and experimental de-
monstrations are given, The constraint of temperal coherence requirement is also discussed.

PACS: 42.30, 42.80

The use of coherent light enables optical processing
systems to carry out many sophisticated information
processing operations [1, 2]. However, coherent opti-
cal processing systems are contaminated with coherent
artifact noise, which frequently limits their processing
capabilities. Recently, attempts of using an incoherent
source to carry out complex information processing
operations had been pursued by several investigators
[3-6]. The basic limitations of using incoherent source
for partially coherent processing is the extended source
size. To achieve a broad spatial coherence function at
the input plane of an optical information processor, a
very small source size is required. However, such a
small light source is difficult to obtain in practice. We
have, nevertheless, shown in recent published papers
[7-107 that there are information processing oper-
ations which can be carried out with incoherent
source. In other words, a strictly broad coherence
requirement may not be needed for some optical
information processing operations.

In this paper, we shall describe a linear transformation
relationship between spatial coherence function and
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source encoding intensity transmittance function.
Since the spatial coherence requirement is depending
upon the information processing operation, a more
relaxed coherence function may be used for a specific
processing operation. By Fourier transforming this
coherence function, a source encoding intensity trans-
mittance function may be found.

The purpose of source encoding is to reduce the
coherent requirement, so that an extended incoherent
source can be used for the processing. In other words,
the source encoding technique is capable of generating
an appropriate coherence function for a specific infor-
mation processing operation and at the same time it
utilizes the available light power more effectively. We
shall illustrate examples that complex information
processing operation can actually be carried out by an
encoded extended incoherent source. Experimental
illustrations with this source encoding technique are
also included.

Source Encoding with Spatial Coherence

We shall begin our discussion with the Young’s experi-
ment under extended incoherent source illumination,
as shown in Fig. 1. First, we assume that a narrow slit
is placed at plane P, behind an extended source. To
maintain a high degree of spatial coherence between
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Fig. 1. Young’s experiment with extended source illumination

the slits Q, and Q, at P,, it is known that the source
size should be very narrow. If the separation between
Q, and Q, is large, then a narrower slit size S, is
required. Thus, to maintain a high degree of spatial
coherence between Q, and Q,, the slit width should be
[11]
w= /R
= 2h0 )

(1)

where R is the distance between planes P; and P,, and
2h, is the separation between Q, and Q, (Fig.1).

Let us now consider two narrow slifs of S, and S,
located in source plane P,. We assume that the
separation between S; and S, satisfied the following
path length relation:

Fy =1y = —r,)+mi, 2)

where the r’s are the respective distances from S, and
S, to Q; and Q,, as shown in the figure. m is an
arbitrary integer, and 1 is the wavelength of the
extended source. Then the interference fringes due to
each of the two source slits S, and S, would be in
phase. A brighter fringe pattern can be seen at plane
P,. To further increase the intensity of the fringe
pattern, one would simply increase the number of
source slits in appropriate locations in the source plane
P, such that every separation between slits satisfied the
coherence or fringe condition of (2). If separation R is
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large, ie, R>d and R>2h,, then the spacing d
between the source slits becomes,
AR
d=m—. 3
" e (3)

From the above illustration, we see that by properly
encoding an extended source, it is possible to maintain
the spatial coberence between Q, and Q,, and at the
same time it increases the intensity of illumination.
Thus, with a specific source encoding technique for a
given information processing operation may result a
better utilization of an extended source.

To encode an extended source, we would first search
for a spatial coherence function for an information
processing operation. With reference to an extended
source optical processor of Fig. 2, the spatial coherence
function at input plane P, can be written [11]

(x5, X5)= [ [ S(x) K (x,,X,) K, (x1, X, dX 4)

where the integration is over the source plane P,, S(x,)
is the intensity transmittance function of a source
encoding mask, and K,(x;,X,) is the transmittance
function between source Plane P, the input plane P,,
which can be written

K (xg,x,)~ eXP[ ( /lf ) 3)
By substituting K,(x,,X,) into {4), we have
I(x,—x,) = | js(xl)exp[ﬁn:—}(xz~x’2) dx, . (6)

From the above equation, we see that the spatial
coherence function and source encoding intensity
transmittance function forms a Fourier transform pair

s(xq)=F[I'(x,—x3)], ()
and
I(x,—x})= ot [s(xy)]1, ]

where & denotes the Fourier transformation oper-
ation. If a spatial coherence function for an infor-
mation processing operation is provided, then the
source encoding intensity transmittance function can
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Fig. 2. Partially coherent optical processing
with encoder extended incoherent source. (I:
extended incoherent source, L,: collimation
lens, L, and L;: transform lenses)
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be determined through Fourier transformation of (7).
We note that the source encoding function S(x,) can
consist of apertures or slits of any shape. We further
note that in practice S(x,) should be a positive real
function which satisfies the following physical realiz-
able condition:

0<5(x,)=<1. )
For example, if a spatial coherence function for an

information processing operation is

[(x,—x)) :rect{'xz%le}, (10)

where A is an arbitrary positive constant, and

rect{i'}— {1, Ix|=4,
Al 1o,

otherwise,
then the source encoding intensity transmittance
would be

nAxl)' (11

Af

Since S(x,) is a bipolar function, therefore it is not
physically realizable.

S(x.)= sinc(

Temporal Coherence Requirement

There is, however, a temporal coherence requirement
for incoherent source. In optical information process-
ing operation, the scale of the Fourier spectrum varies
with wavelength of the light source. Therefore, a
temporal coherence requirement should be imposed on
every processing operation. If we restrict the Fourier
spectra, due to wavelength spread, within a small
fraction of the fringe spacing d of a complex spatial
filter (e.g., deblurring filter), then we have,

P, [A)

S <d, (12)

where 1/d is the highest spatial frequency of the filter,
P,, is the angular spatial frequency limit of the input
object transparency, f is the focal length of the trans-
form lens, and 44 is the spectral bandwidth of the light
source. The spectral width or the temporal coherence
requirement of the light source is, therefore,

A T
— <

2 <hO_P;’ (13)

where A is the center wavelength of the light source, 2k,
is the size of the input object transparency, and
2hy=(2.f)/d.

In order to gain some feeling of magnitude, we provide
a numerical example. Let us assume that the size of the
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Table 1. Source spectral requirement
P, .
P [lines/mm] 0.5 1 5 20 100
AATAT 2184 1092 218 5.46 1.09

object is 2hy =5 mm, the wavelength of the light source
is A=5461A, and we take a factor 10 for (13) for
consideration, that is

1074

A;L: .
hOPm

(14)

Several values of spectral width requirement A4 for
various spatial frequency P, are tabulated in
Table 1.

From Table 1, we see that, if the spatial frequency of
the input object transparency is low, a broader spectral
width of light source can be used. In other words, if
higher spatial frequency is required for an information
processing operation, then a narrower spectral width
of light source is needed.

Examples of Source Encoding

We shall now illustrate examples of source encoding
for partially coherent processing operations. We would
first consider the correlation detection operation
[12].

In correlation detection, the spatial coherence require-
ment is determined by the size of the detecting object
(i.e., signal). To insure a physically realizable encoded
source transmittance function, we assume a spatial
coherence function over the input plane P, is

TC /
Iy (;lxz"le)
I(x,=x)= ——2——", (15)
j’t; x, — X5
where J, is a first-order Bessell function of first kind,
and h,, is the size of the detecting signal. A sketch of the
spatial coherence as a function of [x, — x5| is shown in
Fig. 3a. By taking the Fourier transform of (15), we
obtain the following source encoding intensity trans-
mittance function,
1%,

S(lxll)zcir{——}, (16)

w

where w=(f1)/h, is the diameter of a circular aperture
as shown in Fig, 3a,

. |X1' A 1, 0§'X1I§_W
cir{——p = :
w 0, otherwise,
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f s the focal length of the collimating lens and 4 is the
wavelength of the extended source. As a numerical
example, we assume that the signal size is hy=5mm,
the wavelength is A=5461A, focal length is
f=300mm, then the diameter w of the source encod-
ing aperture should be about 32.8 pm or smaller.

We now consider smeared image deblurring [13]
operation as our second example. We note that the
smeared image deblurring is a 1 —D processing oper-
ation and the inverse filtering is a point-by-point
processing concept such that the operation is taking
place on the smearing length of the blurred object.
Thus, the spatial coherence requirement is depending
upon the smearing length of the blurred object. To
obtain a physically realizable source encoding func-
tion, we let the spatial coherence function at the input
plane P, be

T, — X)) = sim;(Aixz_

Ixz—x;l), (17)
where Ax, is the smearing length. A sketch of (17) is
shown in Fig. 3b. By taking the Fourier Transform of
(17), we obtain

S(x )~—rect{l 1'}

where w=(f2)/(4x,) is the slit width of the source
encoding aperture, as shown in Fig. 3b, and

{'X l} {19 O_S_|x1|§wa
rect =
w 0,

otherwise.

For a numerical illustration if the smearing length is
Ax,=1mm, the wavelength is 1 =5461 A, and the focal
length is /=300 mm, then the slit width w should be
about 163.8 um or smaller.

We would now consider image subtraction [14] for
our third illustration. Since the image subtraction is a
1—D processing operation and the spatial coherence

(18)
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Fig. 3a—c. Examples of spatial coherence requirements and
source encodings. [I'(x,— x}): spatial coherence function,
S(x,): source encoding transmittancel. (a) For corre-
lation detection, (b) for smeared image deblurring, and (c)
for image subtraction .

requirement is depending upon the corresponding
point-pair of the images, thus a strictly broad spatial
coherence function is not required. In other words, if
one can maintain the spatial coherence between the
corresponding image points to be subtracted, then the
subtraction operation can take place at the output
image plane. Therefore, instead of utilizing a strictly
broad coherence function over the input plane P,, we
would use a point-pair spatial coherence function.
Again, to insure a physically realizable source-
encoding transmittance, we would let the point-pair
spatial coherence function be [10]

I(jx, —x3))

. (N=m ,
sin KIXZ_XZl

— s1 w | /|
NN I VIV A A
N sin{-—|x, — x5
hy

where 2h, is the main separation of the two input
object transparencies at plane P,, N>1 a positive
integer, and we note that w<d. Equation (19) repre-
sents a sequence of narrow pulses which occur at
|x, — x5 =nh,, where n is a positive integer, and their
peak values are weighted by a broader sinc factor, as
shown in Fig. 3c. Thus, we see that a high degree of
spatial coherence is maintained at every point-pair
between the two input object transparencies. By taking
the Fourier transformation of (19), we obtain the
following source encoding intensity transmittance

S - 3 e t{'x1 ”d'},

where w is the slit width, and d=(1f)/h, is the
separation between the slits. It is clear that (20)
represents N number of narrow slits with equal spac-
ing d, as shown in Fig. 3c. As a numerical example, we
let the separation of the input objects hy=10mm, the
wavelength A=5461A, the focal length of the col-

(19)

(20)
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limator f=300mm, then the spacing d between the
slits is 16.4 um. The slit width w should be smaller than
d/2, or about 1.5 um. If the size of the encoding mask is
2 mm square, then the number of slits N is about 122.
Thus we see that with the source encoding it is possible
to increase the intensity of the illumination N fold, and
at the same time it maintains the point-pair spatial
coherence requirement for image subtraction
operation.

Experimental Results

In this section, we would illustrate two examples as
obtained from the source encoding technique. The first
experimental illustration is the result obtained for
smeared photographic image deblurring with encoded
incoherent source as shown in Fig. 4. In this experi-
ment a Xenon arc lamp with a green interference filter
was used as extended incoherent source. A single slit
mask of about 100 um was used as a source encoding
mask. The smeared length of the burred image was
about 1 mm.

Figure 5 shows an experimental result obtained from
image subtraction operation with encoded incoherent
source. In this experiment, a mercury arc lamp with a
green filter was used as an extended incoherent source.
A multislit mask was used to encode the light source.
The slit width, w is 2.5 um and the spacing between slits
was 25 um. The overall size of the source encoding
mask was about 2.5x2.5mm? The mask contains
about 100 slits.

From these experimental results, we see that the
constraint of strictly broad spatial coherence require-
ment may be alleviated with source encoding tech-
niques so that it allows the optical information pro-
cessing operation can be carried out with extended
incoherent source.
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Fig. 4a and b. Photographic image deblurring with encoded exten-
ded incoherent source. (a) Input blurred object and (b) deblurred
image

Conclusion

We have derived a Fourier transform relationship
between the spatial coherence function and the source
encoding intensity transmittance function. Since the
coherence requirement is depending upon the nature of
a specific information processing operation, a strict-
ly broad coherence requirement may not be needed
in practice. The basic advantage of the source encoding
technique is to alleviate the constraints of the strict
coherence requirement imposed upon the optical infor-
mation processing system, so that the information
processing can be carried out with encoded extended
incoherent source. The use of incoherent source to
carry out the optical processing operation has the
advantage of suppressing the coherent artifact noise.
In addition, the incoherent processing system is usual-
ly simple and economical to operate. Finally, we would
stress that the source encoding technique may be
extended to white-light optical processing operation, a
program is currently under investigation.
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. Fig. 5a and b. Image subtraction with encoded extended incoherent source. (a)
Input object transparencies and (b) subtracted image
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