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LCVR phase retardation characteristic calibration method
using the LSSVM model
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Abstract: To calibrate the phase characteristic of a Liquid Crystal Variable Retarder (LCVR) attached
with a compensator. For LCVR, under 25 C, 405 nm wavelength, the total of 141 experimental samples
were obtained by the built setup based on Stokes parameters, in which 71 samples (calibration set) were
used for model calibration, and 70 samples (prediction set) were used to validate the calibrated model
independently. Least Squares Support Vector Machine(LSSVM) and Support Vector Machines(SVM) was
used to calibrate model. Test results show, for prediction model based on GASVR, PSOSVR, LSSVM,
the maximum wavelength deviation are respectively 0.013 6A,0.013 7A and 0.004 5A, the mean square
error is increased by 2 times, and the phase retardation of all the wavelengths and all the voltage values
of LCVR in the effective working range could be rapidly and accurately obtained by the LSSVM model,
thies the prediction model based on LSSVM was an effective mean for LCVR phase calibration.
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Fig.1 Schematic diagram of LCVR phase retardation measurement
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Fig.2 Physical map of measuring device

WOLES R AT | DAl A SR HO0
2% A AT G ol 5x10°, 36 1142 20 mm, 151
AJ AR AR A7 FE 3R 5 (LCVR) A 5 - Arcoptix 23 F] 7™ it
JEEE R 10 wm, B A #MEDRE , 8 G LRSS 20 mm,
HIAHTE 0~8V A, A E F A 400~700 nmj;
Stokes 2 5t Il 7t A T AF % K 3 FE 24 400~700 nm, T
YES R KT 30 Hz,

2 MIRFAE

21 RN_FREZFEEVIRE

B /N 9 I FF In) &8 ML (Least Square Support
Vector Machines , LSSVM)+& 57 3 [n] & AL 19 — Fh g F
B, BRI SVM A S SR B0 55 X
LIRS, W AR GE AR Lk 101 U3 (7] 30 1 Ay o 4E R I
AR AR, I H IR A2 50 s BN 1 iR 22
ST AR R, IXRE AR IR T R R B Ak
SRR LTI R SRR T i 2 ek, 3
TSR gt T () R IS SSORE Y, HE SR AR R

B l/I\Z'ﬂjlﬁjﬁfﬁﬂgij”}ﬁﬁzk(xuyl),(x2,)'2),

< (L y),i=1,2, - L x. e RN n ISR AEAR B A
i,y e R IR A i i i LSSVR 3Rk — A
I PRER .

y=w'e(x)+b (6)

A ()RR %S T S R w e R WAL
Kl s b N AR
M54 KU S5/ 9 JEUU #8257 LSSVM 14 H 4
BRE .
min J(w, §)——w w+l Z £ (7

?"Jﬁﬁmﬁijﬂ V=0 e(x)+b+§
Ao g AR pREL y TR R IE AL SR, T
fitr e pR A PUAL IR R, #4)3% Lagrange PRZEL .

1

IIwII b
W=ty Y £

=1

L(wa,§9

1

Z ol o(x)+b+é—y]  (8)

7 : o; 4 Lagrange 3T,
H 4% KKT(Karush-Kuhn-Tucker) 5514 ;

oL _ oL oL oL
— =0, =0, —=0 9
dw b T9E T da ©)

e
1 1
w= 2 ai(P(-xi) s z ai:O ) o= 'Yé
i=1 i=1

yi— wT<P(xi) _b_ft:o (10)
HZE &M o, BT o F1 b, NS 2] [ LSSVM
B [B] P A5y

f)= X aK(x 2 +b (11)

A K(x,x)=(@(x)"(@(x,) M £ Mercer 45 1 4%
2.2 LSSVM # &Iy # 31

LA Matlab 7.11.0 M Z ¥, FHEE K

Pelekmans ,J.A.K , Suykens FF & fJ LSSVM lab T. B
FE R ST F B ARY | S IR R 7 A 3R 2 A SR R
TR

LSSVM At 3= A% R BUM 2 B i 1 L, 230
A PR B SHUE L FH N ) 52 2452 L RBF A% bR
B, O T RS FEA B U R B, SCrp R AR 1] 3 bR
K EU(RBF)WE Ay 4% pRER 5 S 850300 BRURG B2 0ff o2 1 R S
B o MIEMASE y WERILAS, RHMIEHE R
(grid-search) Fl1 32 H. 56 {IF (cross validation) J7 ¥ i 72

B R F R B A0 = Zal«x x)+b, Hob B

BB K(x, x)=exp(=llx=xl1*/20%) , >0,

0517004-3



aohligk T2

CABE

www.irla.cn
——

% 45 K

2.3 B ARMIREUR b2

K1 R i 38 2 fwg P 0 £ S0 £ S,
Sy BEIT I ENLIC S, 2 Ut I XoF g 4 25040 R
EHME AR AR B A RS A (5), ZEMATLAB
P b BRI T AR A N4 B AS [R] 5K B
B U X AR ZE R & (8, B vl an T .
1E 635 nm T ,LCVR 4354k F 25 C 30 C 40 C
PRBER AR Fp G LIS 256 241 B0 ;i i g, R iR
FEARIRH 6 V LN 161 ZHEHE , & 3 Fs .,

10001 + 25°C 405nm
....... y * 25°C 6350m
800 == === - + 30°C 635nm
...... ,0." +40°C 635nm
€ 600f kN
3
A 400t
2001
u‘“‘“‘umu‘m
ob— " i i : h
0.5 1.5 2.5 3.5 4.5 55
Voltage/V

B 3 161 AR FEAE
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Fig.4 Phase delay characteristic curve fitting based on different

models
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