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GRAPHICS DISCLAIMER

All figures, graphics, Cables, equations, etc. merged into this
translation were extracted fiom the best quality copy available.
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APPLTCATION OF COMPUTER-GENERATED HOLQGRAMS TO 2FTICAL
TRANSFORMATIONS

Zheng Shanfeng and Wang Tianii; Beth of Guangzhou Instituts- of
Elactronics Technology. Chinese Acadery cf Scienc=zs, Guangzhou
510078

Abstract

Ring-to-line, line-to-point and ring-to-point optical transformations by using
computer generated holograms as a holographic lens are disoussed in this paper. A

liquid orystal television spatial light modulator fabricates computer generated
holograms in quasi-real time,

Key words: OGH, optical transformation, liquid orystal television SLM

narated hologram. a r:a? 2hizct is nob reguired, huan
only rathematical squations ~f the ~bi=ct wave ar: reoguirad.
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Bv using computer-aasnerated holograms as the holograrhics
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] genaratad holograms to <conduct rsal-
ical 1lni{r) theta transformations, which can be appliszsd to
optical mcde recognition. Casasent [5] executed the optical Mei-
lin transforwxation with the zomputer—-generated holograms.

Based on the foregoing, the work described in the paper
describas how to use computer-generatad holograms as a
holographic lens in order to carry out the following optical
transformations: ring-to-line. line-to-point and ring-to-point.
(In the following text, ring-to-line, line-to-point and ring-tc-
point tranefarmations ars briefly expressed as ring-line, line-
reint and ring-peint transform§tions). Two following metheods «an
be used to generate computer-generated holograms: the first
method 1is the conventicnal method; that is, a computer plotter
servas to produce a comnuter-generated hologram before conducting
the optical zcntraction. In the second method, a computer sends
the encoded data of +the computer-generated hologram to =z liguid
crystal television spatial light modulator, thus producing thse

conputar-genarated hologram in a quasi-real-time environment.

1. Optical transformation system
Fig. 1 is a spatial ontical syvstem for executing the optical
transformations. I is assumed that an oscillaticr amplitude

disrtributien nbject f£{x, ¥! is placed at input plane I: the
holoaraphic lens E (that is, the computer—-generated holegram) is

s1aced just next to plane I. With illumination by parallel
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cohersnt licht, when digit phsse function phi(x, y) exists in H.
£hae compound oscillation amplitude distribution F({u, v) of outp:

“plane O is

(. o= [[£(o Dexplid (@, )]expl—ik(ou-+yo) flazdy, @

89)



In the equation, k=2pi/lambda; lambda is the light wavalength.

Lot b@ y)=[d(e, y)/k] - [(@u+yv)/f); : Ea. (1! is rawritten into
F(w o) =|[f@ pexplith(a 1)]dady: @
| ; | '
l/ * ‘/ﬁ
£(x,y) exp(1 $(x,y)] F(u,v)
—

Fig. 1 Optical transformation system

For values greater than K, the value reached at thz 1imit in
the integration of Bg. (2) can be derived with the phase
stabilization method [6]. It can be varified that a contribution
to integral comes only from adiacent zones of scme saddle points.

At these saddle points, the following relaticnship obhtains:

oh(z, ¥) _ 375(04&..0 ®
_ F.7) - 9y °
From Eq. (3), we obtain
A 2, =M (. y)
e el B @

If we ==lezct A transformatiorn from »lane ¥X-¥ te -V as

[:]”[:::g :;] ®)

From Egs. (5) and (4), we can solve for phi(x, ¥} (if th~
equation can be solved). Then it is appar=snt that for son=
transformation from plane ¥X-Y to plane U-V, the computer-
generatad helogram with nphi{¥, Y) dizplaced nhase can ke
produced; the optical path in Fig. 1 =zan ke used to preduce =he
expactad transformation.

2. Discuszion c¢n several tvpss of transformation
As the following transfeormation:
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This is a type of line-point transformation from plane X-7Y tc

rlane J-Y: thus solving for the displaced phase functien, we have

¢(@,'ﬂ)"%(ﬂ"§""h{)° : A ‘ ™
For ring-line transformation, we can use
b [u-ln(z’+y’)1”] (8)
-> ’
[y] v=tan~*(y/2) -

to derive the dizsplaced phase function
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Tha ring-point transformation can be accomplished if we merge the

ot

wo Aabove-mentioned transformations.
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II. Exzperiments

1. Generating computer-generated holograms

By using a He-Ne laser as the light source at light
wavelangth lamkda=6328 nm: by taking the lens focal ilength as
£=250mm. With a computer plotter, a Lee's model computer-
generated hologram is produced. The dimensions of the computer-
generated hologram are 20x20 cml. With optical reduction (50-
fold reduction), a practical computer-generated hologram can b=

produced.

As nged in the experiments repcrted in this paper, the
liquid crystal television sratial light modulator was modified
from a cemmercially available Citizens brand OBIA-OH black-and-
white LCD television set; its screen dimensions are 71x53 mme,
and the picture element points are 160x130 pixels. With
appropriate modification of the electric circuits, additional
video signals can be received. A computer sends the encoded data
of the computer-gz2nerated hologram to the frame memory device,
which ccnverts the data into a video signal. The video signal iz
- sent to a LCD television spatial light modulator to produce a '

corputar-generated hologram in a quasi-real time environment as

shown in Fig. 2.
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2. Realization of optical transformation with compubtaer-

generated hologram

Using *the optical path as shown in Fig. 1. on input plans
the inputs are ring and line ssgments. respectlvellr. The
internal and external diameters of the ring are 2.5 and 2.0 mm
respectively; the line width is 0.2%5 mm. After ring-line (or
line-point) transformation, the %theorstical and actual outputs
the output plane 0 are shown in Fig. 3(k) and |
Fig. 4(b) and (c). Cembining the ring-line transformation and

line-point transformation, the ring-point transfeormation can bhe

exacnutad. The experimental light path i1s shown as in Fig. 5; the

inputs ars shown in Fig. 3(a); and the actual outputs are shown

in Fig. 5.

® ®)

Fig.3 CGH generated by LOTU. SLM
(s) For xing-to-line (b) For line-to-point
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Fig. 3 Ring-to-line transformation
(s) I place input distribution; (b) O plane thecrstical output distribution; (c) O plane practical output
distribation, center: O-order diffraction, both sides: *1-order difraction.
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Fig. 4 Line-to—point transformation.

(a) I plane input distribution; (b) O plane theoretical ocutput distribution; (¢) O plame practical
output distribution, center: 0-order diffraction, both sides: +1-order diffraction

S= Tt

\I 'f u.‘__;.‘,.\_nz __‘__5_ 2 £ 0

Fig. 5 Ring-to-point transformation diagram
Focus of L1 and 1.9 f =250mm, H1 and H2: OGH for ring-to-1in®
and Line-to-pomt transformations respectivaly, 1 and 0; input and Fig- 6 O plane Prachcal output distri-
output planes, bution in ring—to-point transformation

IITI. Conclusions

Experiments in the papsr verify the fact that optical
transformation can be accomplished with computer-generated
hologram. As the computer-generated hologram has quite good
flexibility, such hologram is quite adaptable to use as an
element for optical transformation to accomplish optical

transformation in meeting various requirements.

Timg required for producing computer~generated hologram is
an important problem. In the paper, liquid crystal television
spatial light modulator is used to produce the computer-generated
hologram at quasi—real time environment. This method is still
rare in China as not requiring the time-consuming processes of
conputer drafting of diagram and optical reduction. There ar=
the following advantages for this method: time economizing, easy
to store and modification, and not requiring such labor-intensive

processas as computer drafting and optical reduction. This is =a

very practical experiment method. In the paper, the resolutions
['prodUCed%by the liquid crystal television spatial light modulator

. ares relatively low. In the authors' view, it is not difficult ko
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produce a 1024x1024 or even higher spatial bandwidth with similar

methods.

First draft of the paper was received on 4 June 1990; the
final, revised draft was received for publication on % Novamber

19¢0.
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