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APPLTCATTON OF COMPUTER-GENERATED FOLC)(17McS TO 0~ic,
TR ANS FORMAPT I ONS

Zheng, Shanfeng and Wang Tianji; Bctlh o~f Guanrgzhni- In.tit-,t' of
Ele(-rronics Technology, Chinese Acad,-Lr of Sc~ienc~ls.Gunhu

Abstract

Ring-to--line, line-to-point and ring-to-point optical transformations by using
computer generated holograrn; as a holographic leos are disoussed In this paper. A
liquid crystal, television spatial light modulator fabricates -oompu~er generated
holograms in quasi-real time.

Key words: CGHý optical transformation, liquid orysta television SLM.
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* sLtC cBver'neae holog~rams as the hl~rpx

Ie ~S .D Irvjdh T2 I1 *.sashýýd a spati al vari'at ion onh !-_7

s ,77,t iemI which can r!eut crtain optical trans forma ti n2.. 52

as, trans. lat<a an-.),i,.d Pa' t a contract ion among others. ito 0-

a! [4 adopted the coMputer-gernerated holograms to conducrt. rýýl-

~.reop'ic-31 ln(r) th-.ttransforrmations, wihcan be apidt

optical mode recognition. Casasent [51 executed the opt`_caiL Me-I.

lint tr-insfor-'-itioio wiJtlh the :ýorput er-generated hologra-rs.

Based on the foregoing, the work described in the pape-r

deiscriLbes how to usre computer-generated holograms as a

holographic lens in order to carry out the following optical

transfo)rmations: r:Lncr-to-line. line-to-point and ring-to-point.

(In the folwna text, ring-to-line, line-to-point and ring-to-

point- traný-fnrnations -are- briefly expressed as ring-line, liný:-

point and rincj-pCint transformations). Two following methods c.A

be sý to ,-,ener~ittl comiputer-gene~rated holograms: the first

method is the conventional method; that is, a computer plotter

serves to-- produce a corputer-rgenerated hologram before conductingr

the optical :--cntraction. In the second method, a computeýr sands,

"the eancoded1 ýIata of týhe comiipter-rienerated hologram to a 14iquid

crystal television spatial light modulator, thus producing the

computer-gienerated hologram. in a quasi-reall-time environi-uent-.

1. Ontical transformation system

Fig. 1 is a spatial optic-al system for executing th;eý opti.»ý:l

transfnrmations. I" is assumed that an oscillatior amplitudle

dis-trihibiticn obetf~x is placed at input plane I- the

holographic lens H~ (that is, the computer-generated hologram) iLs

Z*i7acerd Thst next to plane 1. with illumination by parallel

coherent light! when digit phasefucinpixy)est nH

the co-.pou(nd osolillation 3mplitude distribution F(u, )ootrt

plane C is -+

P u,') ff(w ) x [0(z V ep[-i (u v) nd24



In the equation, k=2pi/!ambda; Inmbda is the light wavelength.

L t h(o, Y)-[0(m, y)/ k]-[ Eu+,V/f)J EqT. (1' is r.'written into

7 (U, 9) ~(0,~ y) exp Eikh (w, y)] I do Y (2)

Kx K
£cxy. exp[i*Cr.y)1 F(u#v)

Fig. 1 Optical transformation system

For values greater than K, thc% value reached at th lihrit in

the integration of Eq. (2) can be derived with the phase

stabilization method [6]. It can be v,;rified that a contri]b:tion

to integral comes only from adjacent zones of some saddle points.

At these saddle points, the following relationship obtains:

ah(0. ,) .A(a, V) -o. (3)

From Eq. (3), we obtain

tUmILPL. (. ) -____ t 80(s, (4)

2w 83' Y w Wj*

If we Rict a transformat.ion fron pl0ne -. X-7 to U-V as

From Eqs. (5) and (4), we can solve for phi(',, 71 (if th--

equation can be solved). Then it is apparent that for sor-

transformation from plane X-Y to plane U-V, the cerp.t~r-

generated hologram with phi(X, Y) displaced phase c=an b1

produced; the optical path in Fig. 1 can be used to produce the
expected transformation.

.. Discussion on several types of transformation

As the following tranzformation:

[* (6)[o-.r- U ,. o



This is a type of line-point transformation from plane X-Y to

rlane U-VJ thus solving for the displaced phase function, we hcave

For ring-line transformation, we can use

[w][u--, . '+ w (8)

to derive thc- displaced phase function

The ring-point transformation can be accomplished if we merge the

two above-mentioned transformations.

II. Experiments

1. Generating computer-generated holograms

By using a He-Ne laser as the light source at light

wavelength lambda=i328 nm; by taking the lens focal length as

f=250mm. With a computer plotter, a Lee's model computer-

generated hologram is produced. The dimensions of the computer-

generated hologram are 20x20 cm[. With optical reduction (S0-

fold reduction)', a practical computer-generated hologram can be

produced.

As iseo in the experiments reported in this paper, thc:

liquid crystal television spatial light modulator was modified

from a commercially available Citizens brand OBIA-OH black-and-

white LCD television set; its screen dimensions are 71x53 mm:,

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-generated hologram to the frame memory device,

which converts the data into a video signal. The video signal is

sent to a LCD television spatial light modulator to produce a

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

shown in Fig. 2.



2. Realization of optical transforration •.th computer-

gený:ratedl hologram

" "sing the ortical oeth .•s sho-n in Fic. 1; Dn input plane T,

the inputs are ring and line segments: respectively. The

intornal and .external diamete-s of thre ring are r . and 3 0 -0

respectively; the line width is 0.32 mm. After rina-line (or

line-point) transformation, the aheoretical and actual outputs ,on

the outpiit plane 0 are shown in Fig. 3(b) and. Cc), as we!l 'as

Fig. 4(b) and (c) . Combining the ring-line transformation and

line-point transformation, the ring-point transformation can be

e:xecuited. The experimental light path is shown as in Fig. 5; the

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

in Fig. 5.

(a)((b)

Mig. 2 OGH gmesited by LC=. SLM

(a) Porriag-tIw-h (b) P n.-io-point

* 5x/2 - .

r 3x/2 U~M.

(a) (b) Cc)
Fig. 3 Ring-to-line tranxformation

(a) I p input distzibutlom; (b) 0 plan. thwe tca outpuk dirftabtion; (c) 0 plane practical output
ditrlfbution, ota' 0-ozder diffration, both aides *1--order diffraction.
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b b

/-b X -b u

(a) (b) (o)
Fig. 4 Line-to-point transformation.

(a) I plane input distribution; (b) 0 plane theoretical output distribution; (c) 0 phne practial
output distribution, center- O-order diffrxction, both sides: -1-order diffraction

MJg. 5 Ring-to-point transformation diagram
Fou of Li ancd I& f -250mm, M and H2: 0GH for ring-tof-in'
and 1lne-to-point trdformation ruespeively, 1 and 0; input and Mg. 6 0 plane practical output distri-

output plan.. bution in ring-to-point transformation

IlI. Conclusions

Experiments in the paper 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.

Time required for producing computer-generated hologram i!_

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 processe's of
computer drafting of diagram and optical reduction. There are

the following advantages for this method: time economizing, easy
to store and modification, and not requiring such labor-intensive
processes as computer drafting and optical reduction. This is a
very practical experiment method. In the paper, the resoliitions

produced by the liquid crystal television spatial light modulator
are relatively low. In the authors' view, it is not difficult ho
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produce a 1024x1024 or even higher spatial bandwidth with similar

Methods.

First draft of the paper was recived on 4 June 1990; the

final, revised draft was received for. publication on 5 Novemnber

1990.
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