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SPICTROMETER -     A FAST AND ACCURATE 

DECODING METHOD1 

ZHANG, BINGQUAN and BI, FENGFEI2 

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 xs 
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 emissron 

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

2 Laser Research Institute of Sushou University, Sushou 

215006. 
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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 liguid 

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 Böhlke, 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 

build the encoding mask, and thus established a relationship 

between the improving of the r.m.s. of signal-to-noise ratio 

and the switch characteristics of the LC-SLM encoding mask. 

2. A fast and accurate encoding method 

If 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 eif and 

now suppose [6]: (1) ^ is not reliable in detecting the 

frivolous variable of the optical intensity; (2) The 

expectation value of eL  is zero; (3) Errors in all the 

individual measurement are mutually independent; (4) The 

mean square deviation of eL  is a
2.  Then 



i?{«»}-0, JS{«,'»i}-0, JSKl-tr1. (1) 

t, j-1, 2, —, n *=¥j 

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 eL,   e2,..., en of the n times of 

measurements when n is large: 

71 4-1 
2*1-0 

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-SLM, 

after its liguid 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. 

It is 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"1 - 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 in 

2% - 11%.  Based on the above facts, although one can assume 

the switch characteristics of LC-SLM in a certain optical 

spectral range to be constant, yet for different spectral 

regions the constants may turn to be all different. 

If Th is the transparency when a liquid crystal mask 

encoding unit is shone through by a optical beam and T0 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 Sn of the 

left-turning S ring of the Mth column structure; that is, if 



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 Sn changes to Th or letting 

matrix-element 0 changes to T0, one can get the actual 

encoding matrix Sn' of the mask and thus Sn' can be shown by 

flf.-2»A+r.(/.-flf.) - (T»-ro)0„+2V. 

is for all the matrix-elements to be 1 in the 

(3) 

where Jn J-- -—  . 
n-step equation, but for the property of the S-matriX and 

characteristics of S-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 f is 
the intensity vector of the actual optical spectral 

component which can be shown by vector t», namely 

t|-Ä++«. 
(4) 

Now according to Sn which was used as the encoding matrix of 

the mask, one can carry out decoding with the same decoding 

method, and by use of Eqn.(3) and Eqn.(4) one gets the 

actual estimated spectral value (the first step) f to be 

$-5; 
r1 

Sfr+flS**, 
Lif. . 

(5) 

By summing up the components of the vector quantities 

at both sides of Eqn.(5), one gets 
n 

SCÖ.-SCCav-aWL+g 
«-1 

2T0 
n+1 

+2 OK1*)«. (6) 

Now one computes each individual terms of Eqn.(6) to get 
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(7) 

in substituting Bqn.(7>   into Bqn.<6),   one gets 

n Tl+1  y, Wt_    .       ..    ,-,rrl     .:. 

2T» :  Vt£t+Sre, 
$- (rk-ro)^+ ^+T)5r+ (n-^'oj '± J- - 

(8) 

(9) 

namely 
2T0 

jrr?;  ^-^+l^T+^-1^'<> 

•_ * ;|i^|-++iv^rs-,e- 
(10) 

NOW tne  corrected estittated spectral value  can be  sbown 

by     $MODI     as  follows   :   if 

•'■ :" -*•" .1 
»MODI* ~TZ=T;\ v'Jf&F&^y^ii; 

is* I. (ID 

then 

Here the average mean square 
deviation e is as follows: 

(12) 

(13) £ 

From Ref.[6], (14) 



The increment A(SNR)r#m.s> of the room mean square 

signal-to-noise ratio is 

A(bJXit) r.a... - I ■    -a   r  T^TJ     2 
V *   W * (15) 

Now if Th = 1 and T0 = 0, then Eqn.(12), Eqn.(13) and 

Eqn.(15) yield   $MODI,8,S»   and A(SNB)t.m^  ,  which totally 

agree with   $,8,8,   and A(SNR)r.m.s. of the corresponding 

standard encoding mask of encoding matrix Sn. 

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 T\  according to the 

standard encoding mask, to obtain the estimated spectral 

vector value (the first step)   $-^»1«?,  , but for the 

actual computation, one may refer to Ref.[10].  Afterwards 

one should carry out some modification on the estimated 

value i)r, to obtain the revised estimated spectral value 

$MODI, of Eqn.(ll), and thus  &rom  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-SLM as the HTS encoding mask we could work out the 

room mean square increment of the signal-to-noise ratio 

A(SNR)I.m*-(+fZ/2)(F*-To'), to see the drop in 

A(SNR) m a    by comparing with the standard encoding mask. 
V       ' IT • III • S *    ** 

3) By use of Eqn.(3) and Eqn.(ll), the present authors 

worked out a computer simulation to prove that the presented 

decoding method is accurate. 
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