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STUDY OF LIQUID CRYSTAL SPATIAL LIGHT MODULATOR APPLICATION
TO HADAMARD TRANSFORM SPECTROMETER -- A FAST AND ACCURATE

DECODING METHOD!

gHANG, BINGQUAN and BI, FENGFEI?

Abstract

A study is made on liquid crystal spatial light
modulator (LC-SLM), used as a stationary encoding mask of
Hadamard transform spectrometer (HTS), and thus a fast and
accurate decoding method is proposed; the improvement 1is
given in terms of root-mean-square of the signal-to-noise

ratio produced by the LC-SLM mask.

Keywords Liquid crystal spatial light modulator (LC-SLM),
encoding mask, Hadamard transform spectrometer (HTS), the

decoding method

1. Introduction

Hadamard transform spectrometer (HTS) was developed at
the end of '60 and it is a kind of the Fourier
transformation spectrometer which is a parallel
multi-channel transmitting modulating spectrometer, and
Harwit, Decker, and Sloane, et al. contributed a lot of work
in this area [1-6]. In this spectrometer, an encoding mask
is used to replace the incident aperture or the emission
aperture in a conventional spectrometer. Usually a
mechanical mask is being used as the encoding mask of the

Hadamard transform light spectrometer, but because a

1 pate of Receipt: March 14, 1991; Date of receipt the
revised version: June 11, 1991.

2 p[aser Research Institute of Sushou University, Sushou
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mechanic mask not only is slow in its scanning speed, but it
has a rather large mechanic error, and thus it can only be
applied in the region of molecular spectrometrical analyses.
However, Tilotta, et al. [7] in 1987 started to use liquid
crystal spatial light modulator (LC-SLM) to build an
encoding mask and to design a Hadamard transform
spectrometer of the stationary encoding mask which would
thus provide future optical spectrometry with a spectrometer
without "moving parts". By utilizing its measurable
quantities of visible spectra, near infra-red spectra and
visible Raman spectra, a huge success has been scored [7,8].
In 1989 Bohlke, et al. [9], remodified it for the use in
near infra-red Raman spectra measurements and thus openned
up a new way of observing the near infra-red Raman spectra.
This paper starts out with the error-theory to propose a
fast and accurate decoding method when LC-SLM is used to
puild the encoding mask, and thus established a relationship
petween the improving of the r.m.s. of signal-to-noise ratio
and the switch characteristics of the LC-SILM encoding mask.

2. A fast and accurate encoding method

1f n is the number of the established encoding units
for the existing n spectral components which are to be
observed, by use of n pieces of masks to carry out n times
of measurements, the error in the ith measurement is e;, and
now suppose [6]: (1) €; is not reliable in detecting the
frivolous variable of the optical intensity; (2) The
expectation value of e; is zero; (3) Errors in all the
individual measurement are mutually independent; (4) The

mean square deviation of e; is 0. Then




E{e}=0, FE{o;6}=0, E{e}=0>, (1)
g, §=1,2, oy m i3]

where E shows the expectation value or the average value of
a large amount of experiments. Based on the previous
suppositions for errors, one can obtain the following
expression for errors &;, €501 € of the n times of

measurements when n is large:

%—Ea‘-o, (2)
as it is shown in Reference [7], the spectral response in
the visible spectral region of (350 nm - 800 nm) turns out
to be stable due to the switch characteristics of LC-S1IM,
after its liquid crystal display-device of the twisted
columnar phase of AND Co. Model 12A type was modified to
show such LC-SLM switch characteristics. The average value
of transparency is 32 % during light is shone through, the
average value of transparency is 1.5 % when it is opaque.

1t ig clear from Reference [9] that when PDLC (polymer
chromatic dispersion liquid crystal) is used as the LC-SLM,
the switch characteristics around infra-red spectral region
(10,000 cm™! - 5,500 cm™1) is also quite stable. When light
is shone through, the transparency hovers within 78 % - 81
%, while when it is opaque, the transparency rate varies 1in
24 - 11%. Based on the above facts, although one can assume
the switch characteristics of LC-SIM in a certain optical
spectral range to be constant, yet for different spectral

regions the constants may turn to be all different.

If Ty is the transparency when a liquid crystal mask
encoding unit is shone through by a optical beam and T, is
the transparency when it is not being shone, the open or
close operations of a mask encoding unit is carried out by
each row of matrix-elements of matrix-column S, of the

left-turning S ring of the Mth column structure; that is, if
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the corresponding matrix-element is "1%, the corresponding
encoding unit of the mask is allowing the light through;
while the corresponding unit is "0", the corresponding
encoding unit of the mask is opaque. Thus by letting the
matrix-element 1 of S, changes to T, or letting
matrix-element 0 changes to T, one can get the actual
encoding matrix S,' of the mask and thus S,' can be shown by

Sum T4+ To(Ju—80) = (Ta—=To)8u+Tolo, (3)

where J, is for all the matrix-elements to be 1 in the
n-step equation, but for the property of the S-matrix and
characteristics of g-matrix of the Mth columnar structure,
one may refer to Ref.[6]. The energy applied to the
encoding units of the mask is shown by vector ¥, this ¢ is
the intensity vector of the actual optical spectral

component which can be shown by vector 1, namely
n=S.p+e, (4)

Now according to S, which was used as the encoding matrix of
+he mask, one can carry out decoding with the same decoding
method, and by use of Egn.(3) and Eqn. (4) one gets the
actual estimated spectral value (the first step) ¢ to be

1
‘ﬁ"s In=(Th— To)‘l"i' _*_l‘l‘- E‘I’i ‘3; (5)
By summing up the components of the vector quantities
at both sides of Egn.(5), one gets
"Au" _ . o |- . -1-'_14-~~
S Fre-rona By L Ee e (O
* 4

Now one computes each individual terms of Egn.(6) to get
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In substituting Eqn.(7) into Egn.(6), one gets

§¢‘(Mdﬂ%ﬂwdﬂm;f“ﬁ;Affﬁ‘if (8)
$-@O-T+ 55Ty Tﬁ(ﬂ_lm{[.}g{g‘%v 18 - (9)

namely . L 1 el e e
o f To ( \'F— (,;+1)T.2fzn— T jg‘ ¢)- ¢ + T_fTos-le (10)

Now the corrected estimated spectral value can be shown

by Juorr as follows : if

' 1
SR N | "’A :
¢n°m— T; To(\b ﬁl)T)+ znj—w 1_ ‘% <20 " (11)

then : . e
st -—; (12)

$uom -tp+ Toe To

Here the average mean square deviation & is as follows:

» 3 N
. S =0 s (13) 2

(14)




The increment A(SNR),. ,.5. of the room mean square

signal-to-noise ratio is

AENR) s = [EE{Q”G ll't)’}mr;wm ]1/ s/— (T,~T0).

{[(Pmopr)s— Y1} nsnna (15)
Now if T, = 1 and T, = 0, then Eqn.(12), Egn.(13) and
Egn. (15) yield $gonx,3,3¢ and A(SNR)ews. . which totally
agree with  $.s.s  and A(SNR), p g, ©of the corresponding

standard encoding mask of encoding matrix S;.

3. Conclusion

1) When one uses LC-SLM to build an encoding mask, still
one should first carry out the fast-speed Hadamard
transformation to the measured vector 1 according to the
standard encoding mask, to obtain the estimated spectral
vector value (the first step) $=ST%L , but for the
actual computation, one may refer to Ref.[10]. Afterwards
one should carry out some modification on the estimated
value ¥, to obtain the revised estimated spectral value

$uon,  of Eqn.(11), and thus #xom  is none other than the

best estimated value of the actual spectrum.

2) Based on the decoding method presented by us, by use
of LC-SIM as the HTS encoding mask we could work out the
room mean square increment of the signal—to—noise ratio

A(SNR)rms= (0 /2) (Th—To), to see the drop in
A(SNR), ,.s. by comparing with the standard encoding mask.

3) By use of Egn.(3) and Egn.(11), the present authors
worked out a computer simulation to prove that the presented

decoding method is accurate.
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