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Study on Nonlinear Multifunctional Sensor Signal Reconstruction
Method Based on LS-SVM

WEI Guo' LIU Jian! SUN Jin-Wei! SUN Sheng-He!

Abstract In this paper, the nonlinear multifunctional sensor signal reconstruction method based on the least squares
support vector machine (LS-SVM) is proposed. Different from the reconstruction methods with empirical risk minimiza-
tion, the support vector machine (SVM) is a new machine learning method based on structural risk minimization, which
is applicable to the case of small sample size calibration data, and can efficiently restrain overfitting and improve general-
ization capability. With SVM as a basis, the LS-SVM involves equality constraints instead of inequality constraints, so the
solving process of the quadratic programming problem can be greatly simplified. In this study, L-fold cross validation is
adopted to optimize the adjustable parameters. The reconstruction of input signals of a multifunctional sensor was carried
out in two situations of different nonlinearities for which the reconstruction accuracies were 0.154 % and 1.146 %, respec-
tively. The experimental results demonstrate the high reliability and high stability of the proposed LS-SVM reconstruction

method, as well as the feasibility.
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Fig.1 A circuit model of multifunctional sensor with two

inputs and two outputs
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Fig.2 Relationship between output u and input x of

sensor system (y = 0.1)
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Fig.3 Distribution of outputs u and v of sensor system
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Fig.4 Optimized results of the adjustable parameters in

Iteration 1 during cross validation
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Fig.5 Optimized results of the adjustable parameters in

Iteration 2 during cross validation
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Relative error

Y 02 ' x
K6 Az FEMHNRZE DS (P = 2)

Fig.6 Distribution of the reconstruction relative errors
for input = (P = 2)

Relative error

K7 Ay BEMAXRZES (P = 2)
Fig.7 Distribution of the reconstruction relative errors
for input y (P = 2)

K1 P=21ETHA .y NEMLER

Table 1  Reconstruction results for inputs = and y

when P = 2
i FAX L (0.1, 0.9] FEX L [0.2, 0.8]
o ViENSNS T ViENSNS by
7 (%) iz (%) 7 (%) iz (%)
T +0.154 +0.024 +0.060 +0.017
Y +0.154 40.025 +0.074 40.020
M P = 2 W, fE[0.1,0.9] A TE M X K

W, x BIEMMHIRZE < £0.154 %, R R iR 2=
< £0.024%; y MEMAXRZE < +£0.154 %, &
PR 2ZE < £0.025 %. XEEspIGH R, IRk
Z Ui Refk a8 R AR RN, LS-SVM J5 k]
DA v RS S 5 5 B T A

K, P =10 1B FX o Ml y FEATHEM
I ) fe X B AL T AR S B0 (7, 02) 43900k (6 484.44,

0.0228) 1 (12252.95, 0.0256), =+ y HIFEAAIX 5
Zo A 8. B9 Fon, HARZR IR 2. BURTE
P =10 TEF, Bl EA AR ZER P = 2
AT FTHIN, (HH%EE] P = 10 XV 1R RS R 4
FELR RO, HILIXFh AR e 5 B SI4h, il
FERZEFIAIRTE (2 y AL B2 53 ) N T
+0.0019 Al £+0.0020) F, EHIAE LR =, GEW
T AR SR N R 25K

Relative error

Kl 8 #iN o MEMFHIRZS N (P = 10)
Fig.8 Distribution of the reconstruction relative errors
for input z (P = 10)

Relative error

Ko #iNy MEMAHNRZESS (P = 10)
Fig.9 Distribution of the reconstruction relative errors
for input y (P = 10)

K2 P=10HETHA z.y MEMLEHR

Table 2 Reconstruction results for inputs = and y

when P = 10
i FAX 1 [0.1, 0.9] X1 0.2, 0.8]
W ERSRPN Wi AR AR Wi AR
# (%) w2 (%) # (%) w2 (%)
T +1.017 +0.212 +0.464 +0.128
Y +1.146 +0.224 +0.626 +0.176
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DA S 45 R SoR, TEANFEHAEL R T (P
=2, P =10), LS-SVM 4 WL m ERRE R, R
WK LS-SVM X JELeMEA LUK, 7Ef5 5 Bl
HAR S ie e, WEE 6~ K 9 RIL, # &
oy MR 2 B A G X R K, A Hp ) DX 3 )
MM, R 1R 2 FIHIHEEIX A 0.2, 0.8] 1)
HARSIO B AR T XA G O, DRI, an RAE S by
IS FH S v 4 A 000 P ) L PR A 7 LU o DX
R /IR DR 3R, ) SR A B v ) AL A

ARIHEJEH LS-SVM 5 SVM #l B 1 4 %4k
I/ 3¢ (B-spline TLS) #47T T Hh#L, £ 3 45t T
SRRV y IR 4 B AR TR IR P AT 6
y B R THELBE AL B, Yl B R4 sk AR
Pt SR AL 35 5 55 1759 B-spline TLS 3& & kb AR
I X % 23 A B, T LS-SVM. A1 SVM. 74 b B 75 4
BUEL B 7 T BE AR, DR, BRI 3 A
(R sclrgt LW, LS-SVM Ml SVM *t y HE A %L
BT B-spline TLS. LS-SVM 5 SVM # 3
(¥ D50 £ AN B8 AN ), LS-SVM £ SVM JEfi
K e AU 2 R HOR Ay i 7 S 7 AR R 4L
A58 A8 2 T o RSl 1 8 R AN 2 L R A Ay
LA, R DR T R SR A i A R — M e P g 7%
IR SR ARE, T I T B AR A AR BRI R S8 ik, T AN R L i
ZO R T v, BA S m . WK 3
g5 I A 45 ROk E, LS-SVM Al SVM. 5k 2 1
FEAMY, 48R, T SVM e AU K R 3L
e WY T —/NAriHES L (JLE AT DURHR /£
20 0), HARZ MR E T ik s, v L
TR, W BRI I BN G G 1) e (A ORI
Jitk, SVM M EMZCR ST, (A, FHkE
T e B YRI5 10 REAS B 3t — M4k
) L, I FLE 75 ZE R I A 3 240, IRk, SVM U7
AR IR s E R A Re AR B BAL S . i T b
R, TR R B IE, eI LS-SVM
e SVM 5 BARF. 3ok, M4 SCiik [10] w40, @i
ey AR M 2, LS-SVM gl AT SVM (1)
M VRS S (AR ST P b o B A R 2D, AT R
L) [FIRT, TR AR R A SN,
LS-SVM Lt SVM H A 5 L [f4 i 75 e ).

SCHR (7] ¥ SVM H TR 2 D el ik a8 05
TEM, bREFEARSERIC 9 x 9 . S
BT AR (P = 2) 15, 4R E AR
22N 0.40 %, Xt AEL R (P = 10) EERA
WH9T. AR PRis F R W], TEFREFEARHE R 9 x 9
BT, 24 P = 2 I, LS-SVM J7 545 % 4%
BINAE S ERRSEE N 0.39 %, 5 Cikas /8 4
P =10 I}, LS-SVM Al SVM J7 v [ T ARG P HA1IK
T 6%, WORAMELLA AR Rk, SR 3kAg i BAR

P EAKE RS, AN SCK bR e FEARS R IS 2 —18,
17 x 17 .

®3 Ay MEMERLE

Table 3 ~ Comparison of the reconstruction results
for input y
FEAXAL (0.1, 0.9] HHEXHEL[0.2, 0.8]
et EIE X iR X Wi
% (%) wE (%) % (%) wE (%)
= B #4% £0.594 +0.280 +0.142 40.061
P=2 SVM +0.142 +0.019 +0.058 +0.013
LS-SVM +0.154 40.025 +0.074 40.020
—IR B F%&  +2.484 +0.553 +1.202 +0.306
P=10 SVM +1.194 40.157 +0.362 40.081
LS-SVM +1.146 +0.224 +0.626 +0.176
4 g

AR NE 2 T e A% T i b 8 SR B AN T R 48
i N S R ANREAR B A, BRI 2R 0 XU B
AT ) TR AR NREA TS T N Z AL RE T B ZE K 5%
B DL, AR SCHR T A P 3 45 R AU e /N A U
[f) LS-SVM J5 #R LB AR M 2 Th e I 4R 15
HR. WU LA SCRAE SEBLR B S 5 A,
FE PRI AR MRS D0 T X 2 D e A% I (K A A 5 2t
177 ER. BT SRR, LS-SVM i f
(R [ U1 b 500 A 2 1 22 T R A Jak s A 328 bR B 1) S Ry
BRA MR ERE, FEARARZMERE T, ¥fe
fig A e SR e e M S DRI A A, SR B
BTz AT RE. T340, LS-SVM 4R iE 5 1 EE )
VRN L TR BEDR, R T SR N

LS-SVM i S £ PR it — BT
A i, SVM A [ REAF AR XA ). B AR A SR
UE N 3k, R, (HIs SN . PR, 5%
T HES B YA 19 AU R 3k — 29T
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