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Coherent Optical ProcessingCoherent Optical Processing
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Filter RealizationFilter Realization
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VanderLugt Filter - Recording (I)VanderLugt Filter - Recording (I)
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VanderLugt Filter - Recording (II)VanderLugt Filter - Recording (II)
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VanderLugt Filter - Recording (III)VanderLugt Filter - Recording (III)
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VanderLugt Filter - Processing (I)VanderLugt Filter - Processing (I)

( ) ( ) ( ) ( ) ( )[ ]3333
*

332233
2

0333 ,,,1,, yxgyxhyxh
f

yxgryxU ⊗−−⊗+∝
λ

( )222

2
02

33

2
0

2 2exp1 yjHG
f

rGH
ff

GrU πα
λλλ

++∝

)2exp( 2
*

22
0 yjGH
f

r πα
λ

−+

( ) ( ) ( )[ ]fyxyxgyxh
f

r αλδ
λ

+⊗⊗+ 333333
0 ,,,

( ) ( ) ( )[ ]fyxyxgyxh
f

r αλδ
λ

−⊗⊗−−+ 333333
*0 ,,,

Third term : Convolution of g and h centered at

Fourth term : Crosscorrelation of g and h centered at
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VanderLugt Filter - Processing (II)VanderLugt Filter - Processing (II)
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VanderLugt Filter – Processing (III)VanderLugt Filter – Processing (III)

Crosscorrelation term
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If the input object function is translated to a new location, 
the crosscorrelation result is also translated.
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VanderLugt Filter - AdvantagesVanderLugt Filter - Advantages

• Impulse response is optically Fourier transformed.

• Generally complicated complex-valued transfer   

function is synthesized with a single absorbing mask.
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Joint Transform Correlator (JTC) (I)Joint Transform Correlator (JTC) (I)
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JTC (II)JTC (II)

⎥
⎦

⎤
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

++−=

+

−

+−

fYyj

fYyj

fYyjfYyj

e
f

y
f

xG
f

y
f

xH

e
f

y
f

xG
f

y
f

xH

f
y

f
xG

f
y

f
xH

f
yx

e
f

y
f

xG
f

e
f

y
f

xH
f

yxU

YyxgYyxhyxU

λπ

λπ

λπλπ

λλλλ

λλλλ

λλλλλ

λλλλλλ

/2222*

/22*22

2

22

2

22
2222

/22/22
222

1111111

2

2

22

,,

,,

,,1),(

,1,1),(

)2/,()2/,(),(

I



Seoul National University NRL  HoloTech

JTC (III)JTC (III)
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Third term : Crosscorrelation of g and h centered at (0, Y)

Fourth term : Crosscorrelation of g and h centered at (0, -Y)

To obtain convolution : One of g and h should be introduced in the

processor with a mirror reflection about its own origin.
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JTC (IV)JTC (IV)
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JTC (V) – Space Invariant PropertyJTC (V) – Space Invariant Property
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Matched Filter (I)Matched Filter (I)
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Matched Filter (II)Matched Filter (II)
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Character Recognition (I)Character Recognition (I)
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Character Recognition (II)Character Recognition (II)
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Area ModulationArea Modulation
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Bilateral :

Unilateral :
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Spectrum Analysis with Area Modulation (I)Spectrum Analysis with Area Modulation (I)
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Spectrum Analysis with Area Modulation (II)Spectrum Analysis with Area Modulation (II)

For a bilateral area-modulated signal

For a unilateral area-modulated signal
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