R

e S d0

5199TUNTITIVY

SHalasIns SUT1-107-42-12-20

= = I ' a d =~ o
msannanilamesdaaliduladisunesansamaiin

Study of Wavelet Filtering Using Incoherent Optical Technique

Resch vo ao
o Iasuueanyumsidenn
103 .3 wwrInenapmalulaggsuns
W53

2000 -84 W A @ b T o e 1o 3 <
Aﬂ-!ﬁﬂ*‘\)ﬂlﬂuﬂ’31315‘1]‘“@‘159‘1]%6&3431@“1 LAIINTIIVYUAINEIFAY



R it
anuBNUMYY
s%alnsams SUT1-107-42-12-20

F1UNUNT5IDY

msansnanflameselaglédulndis uneeansamailn

Study of Wavelet Filtering Using Incoherent Optical Technique

¥
AR
LY L'
Hanrhlasems
Asst. Prof. Dr. Joewono Widjaja

= 'd a 4
au Iy una lu ladaresuas Iasutind

guindviineenaas

Vo A = Qs =y = =
¥ 5unuganyumsidennuviinendamalulogsins thudszanm 2542

Ay g A L L4 a e ' v
wmmmmﬂumms‘uwmawammuﬂmamsnmmmmgmm

AININY 2543

gHULsTRESHas TomsAnYl

N
£ aminmnumalulalignnd




Acknowledgements

The principal investigator acknowledgés the research grant supported by the Suranaree
University of Technology. The principal investigator wishes also to thank Ms. Chanita

Kaewprasert for taking pictures of the experimental result.



UNHNEID

y= ] At 1o @ Y Y =3 9 as 1 s o ¢ X an
mMsAny1Isms Inudmsvadednssadiandeismemauawuy lula@osun $35n1susnaz
o s =3 1 v 9/ @ ar <
fMurmiansssnwidnuuunatveans lasldnsdeusumiluuatvesdulaswidnmanaany

ey é o d’l ¥ \ a 1 r
[RGNEY Faslasmanaaiiszidums@eudetuszning holographic lens array (HLA) N1 optically

. - 4 ' < 14 4? v s
addressed spatial light modulator (OASLM) denguussnviangnezgnadresiuuniluuuylila@e
=1 4 Y v g A v Vo A Iy o o @ A A YY wa
Sunnnniive Insvimingoudesgiunionsunuges dmsuIsmnaeus lavonnnguauiia
a4 d o ¢ o dA o o = A dq ¥
youyiSusirumans Wunfevuavesmaulasyisesezgailaeuliammnuenaduvewaanly
] I N 4 9 o q ¥ 3 y 4
Fam3lduasGunniimsaouausanennudnie sz ldnguueswdiangngnadayuuanam
< ' @ A sy vA o o v B I @ a
dnmiluiuiinule wanldnedinsosidnuuurasyesnednsaadielanndulasnian
4 8/

manasfissygaider  msnfSoudsunamsnansuiiesduuazilsz@ninmvesideitnuiims 1y
Fhaoeey 18811090919 UAZANAYUTEHIN space AL bandwidth (SBWP) gand1 agaInms

#hidesld HLA uaz 0ASLM M IW3sHdesiisinignuazd1on113dusn

i



Abstract

New methods for implementing wavelet filtering by using incoherent optical technique are
proposed. The first method computes a multi-channel wavelet filtering by using an array of
the 2-D optical wavelet transformers. The optical transformers are constructed from a
combination of a holographic lens array (HLA) and an optically addressed spatial light
modulator (OASLM) in which a set of the daughter wavelets is incoherently generated from a
TV monitor connected to a personal computer. In the second method, we take an advantage
of the Fourier optics property where the Fourier transformation is inherently scaled by a
wavelength of the illuminating light. By using a white light source having a wide spectral
response, a set of daughter wavelets could be simultaneously generated from the mother
wavelet. As the result the multi-channel wavelet filtering could be performed by a single 2-D
optical WT. Preliminary experimental results and the throughput performance of the two
methods are presented. In comparison with the first method, the second one has a higher
number of channel and a space bandwidth product (SBWP). It is also low cost and simpler

because it does not use the HLA and OASLM.
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Chapter 1

Iniroduction

1.1 Wavelet transform

A wavelet transform (WT) has already been known to be useful for analyzing non-stationary
signals [1]. The WT decomposes a signal into a set of elementary functions which are
derived from a unique function called the mother wavelet by means of dilations and
translations. Unlike a short time Fourier transform {2], the WT is a multi-resolution signal
representation that gives a better time resolution for high frequency than for low frequency
components. This is consistent with a nature of the non-stationary signal whose high
frequency component lasts in a relatively short time. This unique property of the WT has been
successfully used to extract feature of images by Mallat ez al. [3].

The WT of a two-dimensional (2-D) signal pattern f{x,y) is defined by [1]

+00

W, (a,.a,.b.b,)= [ [fCh,,, (xy)dxdy, (1.1)
where hax a,b.b, (x,y)is the daughter wavelet generated by translating and dilating the

mother wavelet A(x,y) as

Ay

1 x—b, y-b
haxaybxby (x,y)= h( =, y] . (1.2)
a
y
In Fourier domain, Eq. (1) can be written as

Wia,,a,b,.b,)= ,/axay I_[F(u,v)H*(axu,ayv)

xexp{i2z(bu+b,v)dudv, (1.3)



where F(u,v) and H(a,u,a,v) are the Fourier transform of the signal fix,y) and the daughter

wavelet A x,y), respectively.
aya,b.b, \ %>V P y- .

1.2 Literature review

In the field of optics, for a given pair of dilation parameter a, and a,, Egs. (1) and (3)
can be processed in the spatial and in the Fourier domains, respectively. The spatial-domain
processing could be accomplished by using a joint-transform correlator (JTC) where the

analyzing wavelet A (x,y) was encoded as a phase pattern [4], while in the Fourier-
axa,byb, .

domain processing‘H(axu, a,v) could be synthesized as either real or holographic filters [5-7].
In this approach, the multi-resolution image representation by using the WT was then
accomplished by changing successively the synthesized wavelets with different dilations.
However, a time delay introduced by this operation reduces significantly computation speed
of the WT. In order to take full advantage of parallel nature of optical computer, spatial-
multiplexed 2-D WT by using multi-reference matched filters [8-10] and multi-input JTC
[11] have also been suggested. Although these proposed methods could generate
simultaneously several WT of image at given resolutions, they require inherently two-step
processes that are synthesis and correlation for their computations. Therefore, there is no
flexibility to modify dilations of the analyzing wavelet once it was synthesized. Moreover, the
use of the multi-input JTC is hard to be practically applied to multi-resolution image analysis
because the loss of light to useless outputs and the cross talk effect increases severely when
the number of the channels increases. Recently, the 2-D optical implementation WT using a
white light source has been proposed by Zalevsky [12], where according to Fourier optics the
spectrum size of the input image is inversely proportional to the wavelength of the light
source. Since the white light source contains wide band of optical spectrum, several different

dilations could be simultaneously obtained. However, this method has a drawback that in



order to obtain the transformed output, an appropriate color filter must be sequentially placed

at the output plane.

2-D optical . | wavelet-transformed
wavelet transform | | image
Input | | Optical multiple [~ . .
image imaging . .
_’
()
_y| wavelet-transformed
image
Input Optical multiple 2-D optical — -
image| imaging wavelet transform |— .
_’

(b)
Fig. 1.1. Block diagrams of multi-channel 2-D wavelet filtering (a) using incoherently
generated wavelet filter and (b) using incoherent light source

1.3 Objective

In order to eliminate these problems, we investigate two novel optical methods for
implementing multi-channel wavelet filtering. Figure 1 shows two block diagrams of the
proposed method. In both methods, we first generate multiple images of the input image to be
analyzed by using a coherent and white light sources, respectively. The generation of multiple
images is necessary in order to perform simultaneously multi-channel WT. In the first method
shown in Fig. 1(a), the multi-channel WT are performed by an array of the 2-D optical
wavelet transformers consisting of a combination of the HLA and the OASLM. In each

channel of the 2-D transformer, a different daughter wavelet is employed. We generate



incoherently a set of the daughter wavelets by using a TV monitor connected to a personal
computer.

In the second method, the white light source is employed for first providing
wavelength multiplexing. The optical Fourier transformation optics property inherently scaled
by a wavelength of the illuminating light is used to generate simultaneously a set of daughter
wavelets. The white light source is also used for generating multiple images of the input
pattern. In comparison with the first method, the position of the generated multiple images are
determined by both the grating spacing and the spectral response of illuminating light.
Therefore, the number of the generated multiple images is higher than the first method.
Furthermore by employing a single 2-D optical WT, the multi-resolution wavelet filtering
could be performed in parallel. The desired wavelet filtering could be simultaneously
obtained, provided a set of appropriate color filters is simultaneously placed at the output

plane.



Chapter 2

Multi-Resolution Wavelet Filtering

2.1 Methodology: Use of incoherent-coherent spatial light modulator

In this method, the multi-channel WT are performed by an array of the 2-D optical
wavelet transformers consisting of a combination of the HLA and the OASLM. Each channel
of the 2-D transformer employs a different daughter wavelet (See Appendix A).
2.2 Methodology: Use of white light source

A schematic diagram of the second proposed method consisting of two cascaded 4-f
optical setups is illustrated in Fig. 2.1. The first setup similar to the setup discussed in the
Appendix A performs the multiple imaging, while the second setup implements the 2-D WT.
In the second proposed method, instead of the array of the daughter wavelets a single mother
wavelet H(u,v) is employed. A set of daughter wavelets is automatically generated by using

the wavelength of the illuminating light source.

— Multiple Multi-channel
Imaging 2-D wavelet ——
transform

2-D phase Multiple
:&put gratmg |mage
1,}’1 U1,V1 Xz,y2) HUQ,VZ)

mmﬁagg@ggg@ﬁxy

Fig. 2.1. Optical 2-D WT by using a 2-D grating and a white light source.
2.2.1 Multiple imaging using white light source
Under the white light illumination, the optical field appears in the Fourier plane of the lens L;

can be written as



+o0

I(u,, v, 4) = S(l)j Ii(xlayl)eXp[zm(ulxl +v,y)kx dy,

= S (u,,v,) = S(A)](x” > ’j 2.1

PAr A
where S(1) and i(x), y;) stand for the spectral response of the white light and the input pattern,
respectively. f is the focal length of the lens, while u; and v, are the spatial-frequency
coordinates in the horizontal and vertical directions, respectively. They are related to the
actual coordinates (xryr) by x= Afu; and y. = Afvi. After passing the 2-D phase grating [13],

the optical field becomes

N N
Oy, vy, A) = I(uy, v, ,1)225(141 —mAu,)6(v, —nhv,), (2.2)

m=1 n=}
where the summation of two delta functions correspond to the grating function. Au; and Av;
stand for the spatial frequencies of the grating in the horizontal and the vertical directions,

respectively. The Fourier transformation done by the lens L, generates multiple images of the

input pattern at the back focal plane of the lens L, given by

N N
I'(Xy, 025 A) = (X, y5, AV ® D D" 8(x, —mAx,)S(y, —nhy,)
m=1 n=|
N N
= ZZ i(x, —mAX,,y, —nAy,,A), (2.3)
m=1 n=1

where ® denotes the convolution operator. Ax, and Ay, correspond to the distances between
centers of the generated scenes in the horizontal and the vertical directions, respectively.

Their relationship with the spatial frequencies of the grating is given by

1 A 1 A
2:——:—]:andAy7:~—:—f, (2.4)
Au, & © Ay ":y



with & and &, are the actual grating spacing in the horizontal and vertical directions,
respectively. Equation (2.4) shows that the spatial distance between multiple images Ax, and
Ay, are determined by the wavelength of the illuminating light. Since this optical system uses
white light source, therefore the generated optical field i '(x,y2,4) consists of multiple images
from different wavelengths that may overlap each other.
2.2.2 Multi-channel 2-D WT

By considering the optical field i'(x,y2,4) as the input of the second 4-f optical setup,

at the back Fourier plane of the lens L3, we obtain

+00

Iy, v5.4) = [ [110y, 755 A)expl27i(uyx, +v,y,)] dxydy,

- ](uz,vz,l)zz5[u2 - A’l’z ] 5(% —A—’;—j (2.5)

m=1 n=1
In order to perform the multi-channel WT, a binary transparency of the Fourier-transformed
mother wavelet H(u,v) is placed at the back focal plane of the lens Ls. The optical field
distribution of the product I(u2,v2,A)H(uz,v2) is then Fourier transformed by the lens L4. The

result given by

+30

0(b,.b,.A) = [ [I'(uy,v,, AYH (uy, v, ) expl2i(b,u, +b,v,)] duydv,

= J._;[](Uzavzal)zz5(u2 —z‘xnzz—J 5(\12 —Aiyz-] H(uzavz)

m=1l n=1
x exp[27i(b.u, +b,v,)] du,dv, (2.6)
could be obtained at the output plane. By using the shift theorem of the Fourier transform, Eq.

(2.6) can be simply reduced to

b,-y
A

o7 j dedy, (2.7)

N N +o0
o(b,,b,,A)= S(/UZZ I ji(X+mAx2,y+mAy2)h[b-V -

m=l n=1  _g4



film was then installed at the back focal plane of the lens L,, while the 1-D 80 lines/mm
vertical grating was placed midway between lenses of the first 4-f optical setup. Finally, a
digital camera Sony MVC-FD71 was used to capture the resultant wavelet-transformed
images.

Figures 2.2 (a) and (b) show the multiple images of the target generated at the back
focal plane of the lens L, and the multi-channel WT obtained at the output plane, respectively.
In Fig. 2.2 (a), two sets of images of the target corresponding to the 543nm and 632.8nm
wavelengths are spatially superimposed due to a diffractive nature of the grating. In each set
of the output, three images associating with the —1, the 0, and the +1 order of diffraction
patterns emerge. Since the spatial separation Ax, of Eq. (2.4) is linearly proportional to the
wavelength, the longer wavelength gives a wider spatial separation compared than the shorter
one. Furthermore, the overlapping areas of the images appear yellow because the
superposition of the red and green light sources. Figure 2.2 (b) shows that edge features of the
wavelet-transformed outputs are enhanced in accordance with the wavelength of the
illuminating light source. The scaling with the wavelength of 543nm gives a stronger edge
enhancement effect in comparison with the 632.8nm. This result confirms the feasibility of
our proposed method because the daughter wavelet having a small scaling factor works as a
bandpass filter with high center spatial frequency, while a large scaling factor provides lower
spatial frequency response. Therefore, the effect of the scaling with the shorter wavelength is
to enhance strongly edge features of the input pattern. In the summary, optical
implementation of three-channel WTs has been demonstrated by using multiplexing of two
coherent light sources with different wavelength.

2.2.4 Discussions

A throughput performance of the proposed method could be analyzed by using the number of



channels which is determined by the number of gratings. By assuming that each grating
produces three diffraction patterns, the nymber of channel N could be expressed as
N=2n+1, (2.8)
where n is the number of gratings. Figure 2.3 illustrates an example of a polygonal
construction of nine channel WT outputs generated by using four crossed 1-D gratings having
an angular separation of 45°. Each WT output is illustrated as a circle with a diameter of d.

For n gratings, the angular separation is given by

0=rin. (2.9)

Fig. 2.3. Polygonal generation of optical multi-channel 2-D wavelet filtering.
In order to avoid cross-talk between output channels, the output image corresponding to the

shortest visible wavelength Ay must appear at a radial position of

fof (2.10)

where & stands for the grating spacing of all gratings. From Fig. 2.3, it is clear that for any

number of channels the optical system must have

d

"= Jsin(x/2n) 21

10



Substitution of Egs. (2.8) and (2.10) into Eq. (2.11) yields

_ 24 fsin(z/N - 1)

y (2.12)

g

Equation (2.12) describes the maximum number of channels that can be accomplished once
the input object size d and the grating spacing & have been fixed in a particular optical system.

2.2.5 Conclusions

We have proposed and demonstrated experimentally the multi-resolution 2-D optical
WT by using a combination of the grating and the polychromatic light source. The
experimental results verify the feasibility of our proposed method. Besides the width of the

spectral response of the illuminating light, the number of channels is inversely determined by

the grating spacing.

11



Chapter 3

Concluasions

We have proposed two systems for implementing 2-D wavelet filtering by using incoherent
optical methods. In our proposed methods, multiple images of the input image to be analyzed
are firstly generated by using either a coherent or White light sources. The generation of
multiple images is necessary in order to perform simultaneously multi-channel WT.

In the first method, the multi-channel WT is performed in parallel by an array of the 2-
D optical wavelet transformers consisting of a combination of the HLA and OASLM. In each
channel of the 2-D wavelet transformer, a different daughter wavelet is employed. We
generate incoherently a set of the daughter wavelets by using a TV monitor connected to a
personal computer.

In the second method, the white light source is employed for providing both
wavelength multiplexing and generating multiple images of the input pattern. Since the
optical Fourier transformation optics property inherently scaled by a wavelength of the
illuminating light, a set of daughter wavelets could be simultaneously generated. In
comparison with the first method, the position of the generated multiple images are not only
determined by the grating spacing but also by the spectral response of the illuminating light.
As the result, the number of processing channels is higher than the first method.

We have also analyzed the throughput performance of the system. The result shows
that the second method has a higher degree of SBWP than the first [13] because the use of the
HLA could be avoided. Furthermore, our second proposed method is low cost and simpler

compared than the first because the use of HLA and OASLM could be avoided.

12
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Dynamic Optical Processing of 2-D Wavelet Transforms
Joewono Widjaja
Instisute of Science, Surgnarce University of Technology, Nakomn Ratwchasima 30000, Thailand
- ]

A new optical method for implementing multichannel two-dimensional wavelet transform is
proposed. The method relies on a combination of a bolographic lens array and
optically-addressed spatial light modulator. Limitatiens of the method are discussed.

Key words: Wavelet transforms, information processing, Fourier optics,

1. INTRODUCTION

A wavelet transform (WT) is already known to be useful for analyzing nonstationary signals [1]. The WT
decomposes a signal into a sct of elementary functions which are derived from a unique function called the mother
wavelet by means of dilations and translations. Unlike a short time Fourier transform [2], the WT is a multiresolution
signal representation which gives a better time resolution for high frequency than for Jow frequency components. This
is consistent with the nature of the nonstationary signal whose high frequency component lasts a relatively short time,
This unique property of the WT has been successfully used to extract the feature of images by Mallat et al. (3].

The WT of a two-dimensional (2-D) signal pattern f{x, y) is defined by [1)

4
Fy(ae,ay,b,,6,)= | L7 pp, )0y, m

where H, 00,0, {(x, y) is the daughter wavelet generated by translating and dilating the mother wavelet A(x, y) as

x~b, y-b,
axa,b,b (x, y)_J ’{ ’ ) (2)

In the Fourier domain, Eq. (1) can be written as

W, (a,.a,.b,.b)= ,a.“, I ‘[F(u, V) *(a,u,a,v)x exp{i2n(bu+b,v)}dudv, ®

where F(u, v) and H(au, a,v) are the Fourier transform of the signal f{x, y) and the daughter wavelet H, oapd, .
respectively. In field optics, for a given pair of dilation parameters a, and 8y Eqgs. (1) and (3) can be processed in
the spatial and Fourier domains, respectively. In the spatial-domain processing, the analyzing wavelet H, s, .y
was encoded as a phase pattern [4], while H(a,u, a,v) was synthesized as either real or holographic-matched filters
in the Fourier-domain processing [5-7]. In this approach, the multiresolution image representation using the WT was
accomplished by changing successively the synthesized wavelets with different dilations. However, a time delay
introduced by this operation reduces significantly computation speed of the WT. In order to take full advantage of
the paraliel nature of the optical computer, spatial-multiplexed 2-D WT's using multireference matched filters {8-10]
and muiti-input JTC (11] have also been suggested. Although these proposed method could generate simultaneously

several WT-based image analysis at given resolutions, they require inherently two-step processes that are synthesis

© 1999 by Allerton Press, Inc. « ph Hvidk wuw«muunwumudwkdm is gracwed by Allerton Press,
Inc, hMﬂMmWMNWMW(mQT jonel Repocting Service, provided tat the base fee of $30:00 per copy is paid directly 1© CCC,

. 212 Rosewood Drive, Dasvers, MA 01503,
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Fig. 1. Schematic diagram of the dynamic optical processing of 2-D wavelet transforms.

and carrelation for their computations. Therefore, there is no flexibility to modify dilations of the analyzing wavelet
once it was synthesized Moreover, the use of the multi-input JTC is difficult to apply practically to multiresolution
image analysis because the loss of light to useless outputs and the crosstalk effect increases severely when the number

of the channels increases.

In order to obviate these problems, we propose a novel method for generating multichannel WT-based image
analysis by using an optically-addressed spatial light modulator (QASLM) as the reconfigurable dynamic device for
displaying the wavelet H(a,u, a,v). Therefore, it is adaptive, since a reconfiguration of the wavelet is flexible and can
be done in real time.

2. OPTICAL MULTICHANNEL 2-D WT

Figure 1 shows schematically a basic optical architecture for implementing dynamic multichannel WT-based
image analysis. Here, a computation of four different resolutions of the input scene corresponding to four different
scales of wavelets is illustrated as an example. The architecture consists of two sctups. The first sctup generates
optically multiple images of the input scene by using a binary phase grating [12], while the second one performs the
multichannel 2-D WT via a holographic lens array (ALA).

2.1. Multiple imaging

In order to compute multichannel WTs, an array of the input scenes are first generated using a 4-f optical setup.
The input scene i(x;, y;) placed at a front focal plane of a Fourier transforming lens L, is illuminated by a collimated
coherent light. Its Fourier spectrum Hu,, v,) is filtered by a binary phase grating positioned at the back focal plane

of the lens L,. In order to abbreviate the tedious mathematical representation and yet model the sampling nature of
the grating, the grating is defined by {12}

N N
gup,v)= L X 6(uy —mbuy)5(v) —ndvy), @)
m=1in=1

where Au, and Av, are the periods of the grating in the horizontal and the vertical directions, respectively. Therefore,
the optical field immediately behind the grating is

N N
O, m) =1(m,n) T Ef(“x - mAu )5(v) - nAvy), G

m=la=

76
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By Fourier transformning this optical field, the array of the scene is obtained at the back focal plane of the lens L, as

N N
#(x2,92) =(¥2,02)® X ):la(xz —mAx))5(yy - nhAy;)

m=in=
©)
N N
= ¥ Ti(xy —~mAxy,y; — nhy;),
m=1n=1

where ® denotes the convolution operator. Here, Ax, and Ay, corresponding to the distances between centers of the
generated scenes in the horizontal and the vertical directions are inversely proportional to Axy and Av;, respectively.

2.2, Multi-channel 2-D WT

Simultaneous computation of the multichannel 2-D WT can be done by utilizing the HLA (13). The HLA is
fabricated in such a way that the separation between centers of lenses in the horizontal and the vertical directions
equals to Ax, and Ay,, respectively. By considering the multiple image i(xz, o) is located at the front focal plane of
the HLA, muhtiple Fourier spectra can be simultaneously obtained at the back focal plane of the HLA. The spectrum
in each channel is given by

['m" (llz,Vz) = Im(uz —mAuz,Vz —nsz);
)

where Au, and Av, stand for the distances between center of two spectra in the horizonta! and vertical directions,
respectively.

Inorder to perform multichannel WT computations, Fourier-transformed wavelets H(a,i, a,V) for given dilations
are computed and stored into the computer. They are simultaneously displayed through a TV monitor and imaged to
the write side of the OASLM positioned at the back focal plane of the holographic lens array via a lens L Here, it
is assumed that H(au, aV) = |H@au, ay)| = |Hau, a,v)]’. because the Fourier transformation of real and
symmetric mother wavelet is a positive function {8). For a given dilation, the Fourier-transformed daughter wavelet
can be written as

H-n (“x"z ’ayYI) = Hm[ax (ul - ’"A”z )’ay ("z - nsz )]v
®

Hy,(au, ay) in each channel is then read out by the optical field T, (#;, v,). The resultant optical field in each
channel is
O'yan (43,V2) = 1'mp (42,v2 ) H pmn (@x12 ,ayv2)
= Loy (U3 ~ mAuy vy = nAvy YH,p, lay (uy - mAuy ),a,(va —nAvy )] ®
for mmn= I, ................. R N

On the way back from the read side of the OASLM, the optical field 0°(i,,v,) is Fourier transformed by the HLA
and picked up by a beam splitter BS. As a result, multiresolution 2-D WT W,(a,, a,, b, b)) of the input scene
appears simultaneously at the output plane. Note that the dynamic image analysis using the WT could be done by
reconfiguring the displayed H,(a,, a,») in real time.

3. DISCUSSION

Inour proposed method, maximization of the number of channels can be done by decreasing the size of the input
image D, and the holographic lens D,,. From Fig. 2, a further size reduction may cause crosstalk between channels.
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Fig. 2. Schematic diagram for analysis of the system limitations.

However, the cross talk at the lens plane may be avoided when the following expression is valid

Dy =D, +2f, tang,,, (10)

where 8, = arcsin(VD;) stands for the maximum diffraction angle. A is the wavelength of the collimated coherent
light, while f,, is the focal length of the HLA. When Oy is 50 small that 2f,tandz, < D,, then

Dy =D, an

Furthermore, in order to have a clear guideline for realizing. our proposed method, the concept of a space-bandwidth
product (SBWP) is used. The SBWP of the input image fix;, y,) is given by [14]

SBWP = Au,Av,D? = Af2D? | (12)

where Au; and Av, are the maximum spatial frequencies of the input image in the horizontal and the vertical
directions, respectively. For simplicity, it is assumed that |Au,| = JAv,| = |AZ,]. In order to avoid overlapping
spectra between each channel, the size of each spectrum at the Fourier-transform plane should be equal to the size
of the holographic lens N,A¢,<D,, or

Dy

BLRTA a3

Therefore, in terms of the parameters of the holographic lens, the SBWP of the input image is
2
N

where F, is the F-number of the holographic lens [14]. Equation (14) shows the dependency of the SBWP of the
analyzed input image upon the parameters of the HLA, where use of high F-number HLA should be avoided sfnce
it reduces the SBWP of the analyzed input image. This equation also describes general criteria for designing the HLA.
4. CONCLUSION

We have proposed a novel method for implementing optically multichannel image analysis based on the WT.
We have also derived mathematically that the SBWP of the analyzed input image is dependent on the parameters of
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the HLA. Our method relies on the HLA-OASLM combination. The use of the OASLM which may be addressed in
real time by means of the TV monitor displays simultancously multianalyzing wavelets for given resolutions, while
the HLA is used for performing space-variant Fourier transformation. Therefore, in comparison with previously
reported methods [4-11], our proposed method is suitable for adaptive image analysis.
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