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Soft Sensor Modeling of Leaf Water Potential
Based on Improved Support Vector Machine
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2. Department of

Abstract: Based on study on least square support vector
machine (LS-SVM) , the paper presents an improved particle
swarm optimization (IPSO) algorithm to select the parameters
of LS-SVM. The soft sensor modeling of the leaf water
potential is established based on IPSO-LS-SVM. Simulation
results indicate that the method based on IPSO-LS-SVM is of a
higher accuracy than the hasic LS-SVM and LS-SVM based on

PSO, which can well predict leaf water potential.
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Fig.2 Diurnal variation curve of micro-environment

information

2 mINZFRRZFFEE

LS— SVM 55 1 J2& — el 2k 19 32 ¢ 1] 12 AL 55
b, WAL (x;, y) ‘ 1=1,2,,1l},x; €
R" 55 MEARRYHIA .y € R ZXRLTH @
AR IR R L IR AR, ) LS—-SVM [a] 5[]
AT HZE Ry T At )

l
min ® (e, b.,e) = lea) + iyze%
w.b.e 2 2 i=1

s.t. ¥ =@ e(x;) +b+e;,
i =1,2,-,1 (2)
Ko AU G e BIRZE M b R MBI v &
IENAESEG ¢ Co ) RBERDAE L PR ST. FHHLAS B H
R A A Ta)

1 1 <&
Llw,b,e,a) = EwTer 5728? -
i=1

1

Sai@tee) +bte -y (D

A, (i =1,2,, DIEPFE I A e 1.

FEXK(x; x;)=¢(x;) » ¢(x;) 2 & Mercer
ST IR R R 5.2 L X oo bse,a
w455 T 0,15

L l
2—@ = 0= = ;aigo(x,;)
l
%Iz; =0=>>,a;, =0
=l (4)
% = O:} .= (N
ae ai 7 i
OL L uTox) + b+ e -y =0
oai
{ﬁf w,e Eﬁ%’ﬁb‘/ﬂtﬁf@

2ol -0 @



5114

JOSESE A A5 - BT O SR T AL IR AT K S 1671

Xfy=Lysyzsy ] 2=11.1,,1]" a=
[0{1,0(2ﬁ"»ou]T,D:diag(}f1 sy teeeesy HTLK=
{Kij=K(x;i.x)}hi-.

W SR AR L AE R (B K e, b, 155 LS-
SVM [a J9 #5570 g

l
fxo) = DjaK(x,x) + b (6)
i=1

3 ETH#H FRERNRNIFEX
R =l

FI T REAEE (particle swarm optimization, PSO)
) 35 A S AL 3 S A 2 R Y PR R SR A A
fife o) #E PSO Sk rp i F A Ak ) RS A7 A — A
TEAEAR 7] DI SV 7E i A A d 48 R 25 1) |
P~ 1 SR 38 P L L

PSO B seE il an R AR BEE—4~ d 4
HAER A A m ARG TE 1) i s - 2H B
H— P S = {;(1 7;‘29 ---,X,77},;H;EP Xzi = (X,
Xips s Xi) (P = 1,2, . m)FRE i MRTFIEd
e 23 A — R X ARA— A5 5K i )
AHOCH) H bR eR £, 7T LA H S N E. P =
(P +Piyoees  Pi) (0= 1.2, m)C 4 | KT
H B8R B0 B b 5 Il e 248 RS 2 S
NAE AT T8N Does) - TIAEX D FHFEH, £H —
KT S Bl 0 B e BiE g, W Py = (Pys
Py s Py SZEF L R B B AP GO Gres) s
Hrrge (1,2, m . MR AR A — A AR

. UHV, =V, Vi, Vi) (0 = 1,2, -, m)
PR 1R R
PSO Fi— Bk R Ok AT 44 «
‘7(ik+1> _ /\‘7(zk) + 617”1(f’§k) ,X(L}o) +
Cory (PP — X§9) (D
X%kﬂ) — X%k} + ‘7§k+1> (8)

KR FIAR TR 0= 1,2, ms b SHEAREL
A SRR A1 8 R DA — A IE RO & o nl
DASE: LI [ Oy A2 i Y R s AR L IE BB FE 2 R
R R Z 0], R AR o
T crsco BERIER R —BIBUE R 25 00 v JEHY 2]
SMARTECO. 1) Z 6] B BEHLELC. Do 1 F il vi© X

A (T IR BT @ s 8 T Bl i 3 R

RAtE R R R YR E S
CaIF A B B B FE R R 0 A RS B R
U B 2 (B A BE B R 1 3 A X (8) R T B B Ak
b 8D RIS kAT ke T — 2 iz 5l
(AR

PSO Sk &R . 25 5 S B R A G B AR
BRI A AR XA ] R, A 5 3 6 AN T 45 45
F . SCERLS J4G th  7E R F 1Y AT AR R A
{CEAREE B B 256 MR 7 D o T HLR 2 %
HARL a5, £ 2215 SRt 7108+ 4 &
H AR I 255 . PRI R AR T 1 i A 8T
B

VD = qvE 4o (PF — X)) +

Co 1y (P = X)) + ez (PP — X59) (9)

KPecs [\ crsco HIEHEG rs IS TEO, D
Z IR BENLE Py S T A A AORL T gk H 1 i A2

FPOSFPO R ARE AL E s £C o) N B

1 PSO Bk iy Ja i, b iR R 25 ) 218, &
FOTEAR G A R B AR X X A [ B, SCEk 9 ]
P A EE R 7 H ARG R Jl T 5ok
A 3 R R R R T R SR N 3. E SO
T H=fPy )/ (P, B H Jy F—REAH
42 Jry S LA 5 G TR AN 42 )R B LR LU AL, Horh
SCo D gl N BE e, H H=1. HOBOKR, SR B ik
Bt BEAE AR RN, H AEDRER A 1
AR B B AL A » I8 B PSO B33 452 i Bl e AR 350
it KESLKRY, Y H<AUN 2~5) Bk Fata
B JRy BB B P Y AT RE » I ERE 7 15 325 U8 b PR R
2 () PR 57 T BP9 Jm 3 e O X3, Ak 248 R
DU b 4R L RE T -

AR PSO B8k 2 LA SCHR (8 — 9]y il
1 AR UCGE ARG B R SRR T R AL, H >
A IR (9) BRI 5 2 H<<A I AR
ST R 0 2o A I Bl WOk SR s B T
[i] 5 S A B i

‘7(ik+1> :/\‘7%}”""

171 (PR =X ) ¢y 1, (PP -X10) +

csrs (PP — X0y —

¢ (PR + PFR)Y/2 (10)
L e BT W LE 0.30~0. 65 2 [A]HUH . 165
PEAUER A SR TR i U R e



1672 ) 5% K 27 2 (B R B2 O

% 38 &

Rie — 1
Rmxiter
K Riee A ARERIREG R vasier N 8 KB IREL
TR Amax 30,95 A B 0. 1.

XF T LS—SVM i 5 » i % 1% pRACFAH X S B0
A S5 0 20 TR AN [R) P A% R B5ORN A DG 2 50 fifi 15 1]
I3 LS-SVM B A ARz feEfe.

AR AR ) A% R B0 i LS-SVM H T (1]
A, T R 2 NS BN S5y Ak
BRELSEL o° . v WA IETT R HIk 45 i [l 14 pRi %k
MG IR ZE s v (EBR 05 1R 22BN s AH L B I Ry
R (2 y RSB o* B R
SR FORRE M AL R T B IR 22 SR o
PR/ INTTAE /7N o AE L A I st i)t SR AR 4 H: o® 3
NG FEGIHLA . I AR I0RS O H

ASCR Rk ) PSO 53k T LS-SVM S84k
k. &A% 1) B A% pR % (radial basis function, RBF) fiy
LS—SVM BB SR AT DU 4 el .

min f(y,¢%) = min RRMSEl
Sete Vo < V< Vi
ohin < 0% < 0k [

E SCIE IV RN E

A= Amax — (Amax - Amin) (11)

12)

1 n R
.ffi‘mess = RRMSE = EZ(!/; - yi)z (13)
i=1

Aoy HREARBA T 0 BREARAEG Rewss 1Y
DR .

T PSO fy LS-SVM BB H (v, o2 1
S HALBRINT «

HIR 1 VIR R EE AR B m, B Kk AR %L
Rosier » A SR T-Cy 5 02 BRI HE 7 B X R V5

B2 XTSRRI Cyyo®) s FUIZRREA I
2 LS—SVM, il i A EEAS TS P REFE AR Roruse 5

YR 3 DL Rpwse AF 6 N BE A L 8 5 38 B2
BT MR Dvest T2 SRR Giest 5

B4 AR 9 B (10) B & (8) B H b F
Cy s o) BRI I 18 D07 5 5

IS KA AR AL AT R ]
MRS, BN 2508 2. Be 45 R 4%
R TR B I R AE AR BN R asiver BT WL AE /DN F 45
SEREIE 5

SIR 6 L5

JET R PSO 9 LS—SVM #i il & 4 ALk 52
B BRT

IR 1 XTI ARFE AR R A T A P e A 4

PR AL I BEHLIERE | 2125 T REA K B 1 AL

REA K 5
IR 2 Bk PSO L LS-SVM it

BRSE(y .0

B3 RSy, o®) @57 LS-SVM
AR AR 5

HER A4 AR AR 30 2 T e PSO iy LS-
SVM #1541 5

WHRS 4

4 EF IPSO-LS-SVM By {EW 7k 3
2R = 2 4R

AT SPAC 7K o3 f2 4 AL B TR L o A1 49
KA S A TH K S o AT 5 1 B A
ST IPSO-LS—SVM B AE) i 7K S80I A5 A

S AR B B 08 5 6K g A %) 5. ZEAE )
Jil Bl 2 A g A AR HBURE B ) Bl 35 £ UL 5 SR
SKPM1400 {5 5 2080 AR ) 1 7 2 S 1 4y ok
e R BRI A AR A DA VR 4 7K A A A
T RARUE(E .

VEMI K S5 BAML S ME A B 1 2508 Rt &
PRI K i85 R UK+ K BA HIEI R R
JIr AT LA R K A 3K Al R S A
IKFAH AT 2 AN A 5 R 2
FXRREE DR STEZ MR 2 5 R CO,
PRBUI R LA B AGHX 6 A Sz A 49y I T 2 6 3l
G I 25 10 ol ) 2 — A A i Rk e (ELR A
S RAKSEA K F oA RE I A 2
JIr L AT R 0 R K S SR A i AL LR
ARREE R R L b KR SR R R M R
JEE 5 S WA 90 B I 7% I 3 R MG R 1 6 TR
— L VENA AR, T 12 A1 H B TE Y
KA AR

5 {FE®HR

A SO R AR I A B 4 1 S 6 B Al
FAENGIRET 15N 2009 4E7 H 14 HF 7 A
23H.7H 26% 7 H 31 H), & KM 5:30 5] 19.30
FEFE 1 h SRAR 1k ARYE T AR A R 4T 24N
— AP R R AR L B0, 1 ]2 1] -

$ X - Xmin

X=_—"— (14)
sz\x - Xmin



5114

JOSESE A A5 - BT O SR T AL IR AT K S

1673

A« X 1 X 73 1) 9 S B 22 5 X B0 b BRAE L

7S X AR AL S e X

AR T TR S Be 3 AL 1 125 418090
1 RS0 (O REA SR . BEHLVE I 85 415 1E Wy
YIZRREAS T 45 19 40 4B A MR RE A< . X A
B (14) E A7 40— A Ab 3T, 43 3 2 57 38 4%
#E LS-SVM, PSO-LS-SVM #1 IPSO-LS-SVM 1I1E

0
0.2 — S
— B

T T T T T 1

-1.8

% 10 20 80 40 50 60 70 80 9
WHEAS
a fll ALk

Pyt 7K A BI] FAAY

3 PSR A% R BCER I A% 1) BEAZ R, T LS
-SVM IE#E S5 v =45.76 K Z%L 6° =5.27;PS0
A1 IPSO (15 KIERIR B A 100, FER LR 20. J
T IPSO-LS-SVM i/EY /K S s 45 R an i 3 i
7.3 PERIRIR 2245 R ANk 1 PR

— S
A

|
Il v
= =]
T T T T T T T

1

"0 5

1 1 |

30 35 4

110 1I5 2I0 ZJ5
WIpEA
b WAL

3 ETF IPSO-LS-SVM Byl 2S5 EE
Fig.3 Simulations of modeling on IPSO-LS-SVM

H155 1 Al 40, 5% A IPSO-LS-SVM Zt 7 i fE i
TR F AT B SR bR LS—SVM A 37 6L
TR L g » TUACH AT s 5 R F] PSO-LS-SVM #7114
BRTURA LG K BE AR 22 A 2, (BRI 2R [ 2. ot
S SR FIZ T TR A 7K 38 BRI GE T 11152
SE B T T E K S A A R

%1 LS-SVM,PSO-LS-SVM,IPSO-LS-SVM

IRELERILE

Tab.1 Comparison of error results of LS-SVM,
PSO-LS-SVM, IPSO-LS-SVM

e e VIGFE WRARE
e WRE ke dopy poming
- iR iR FAXTER AEXT R Al /s
0 0 £/%  %/%
LS-SVM 0.817 1.044 7.27 10.23 0.54
PSO-LSSVM  0.009 0.018 6.34 8.40  151.94
IPSO-LSSVM  0.007 0.016 6.04 8.01 103.27

6 it

PSO J&—Fi i REOU L 50k » HA Sk S B
B Gs U R PRS2 T T LR AR SCIE LS-SVM A
TAZR B BCY VR DL AL IR AT PSO B e i
FHRB R LS-SVM BERIZH FF LA PSO ik
OBl Gl Sl AU /AP /o r I o il
#E PSO 533 (IPSO) Y LS- SVM. K& I A g T

YERIH K S —Fh 73, 857 17 56 F IPSO-LS-SVM
B I 7K S A ) B AR R {45 R R WL LT
IPSO-LS—-SVM (15 7Y REAEAR I 3th T A Hy 1 7K #4

S 30k :

(1] R NG, fRiE 5.+ JAE W) K% Ze (oK o % i 3k
B HERE M. Abst i R K L hipE . 1992: 16 - 17.
KANG Shaozhong, LIU Xiaoming, XIONG Yunzhang. Water
transfer theory and the application in soil plant atmosphere
continuum [ M |. Beijing: China Water Power Press, 1992.
15-17.

FEF s B S, NSO 45 TR ) A TR TR 14 e P K 342 ) e
[T R TR A% B 242, 2007, 17(4) : 1.

LU Shengli, TIAN Liguo, SUN Wenjun et al. Soft-sensing of
farmland water potential for precision irrigation[ J . Journal of
Tianjin University Technology and Education,2007,17(4) ;1.
Philip J R. Plant water relations: some physical aspects[]J].
Annual Review of Plant Physiology,1966,17(1) .245.
B %, e, 55 — i T 3K 5 A L 1
BRI ]. +3.2005,37(3) : 326.

XIN Xiuli, XU Fuan,ZHANG Jiabao,et al. A new instrument for
monitoring soil moisture in field[ J]. Soils,2005,37(3) ;: 326.

Suykens J A K, Vandewalle J. Least squares support vector

(2]

(3]

[4]

[5]
machine classifiers [ J |. Neural Processing Letters, 1999, 9
(3):293.

EL-Naggar K M, AlRashidi M K, AI-Othman A K. Estimating
the input-output parameters of thermal power plants using PSO
[J]. Energy Conversion and Management,2009,50(7) ;1767.
Yu ] B,Wang S J,Xi L F. Evolving artificial neural networks

(6]

[7]



1674

[ 3 K 2% 2 4RCA A B 2% D

% 38 &

using an improved PSO and DPSO[J]. Neurocomputing, 2008,
71(4-6):1054.

[10]

[11]

FRAE BRI T, BAR %S DI Y KRRESRK G ER
1 77 % Z 1 IR EE W 5E [T ], AK A2 4, 1990, 6(7) : 1.
KANG  Shaozhong, XIONG Yunzhang, WANG Zhenyi.
Distribution of hydraulic resistance and water potential in soil-
plant-atmosphere continuum [ J J]. Journal
Engineering,1990,6(7) :1.

SRR, TR XL A S R RSOV AR K B S 3 R G
[T 25282 75,2008,27(6) 1 916.

ZHANG Jie,ZHANG Qiang, ZHAO Hong. Theory and application
of leaf water potential retrieved from remote sensing[ ] ].
Chinese Journal of Ecology,2008,27(6):916.

of Hydraulic

B A B DA DA D DA DA DDA DA DDA DA DA DA DA DA DA DA DA DAL DA DA D DA DA DA DA DA DA DA DA DA DAL DA DA DA DA DA DA DA DA D DD

(8] EHMWI. —FhBGH MR B L LT i /RIE R K224 B
SRBIF IR 2009.25(4) : 464.
WANG Zhigang. A modified particle swarm optimization[ ] ].
Journal of Harbin University of Commerce: Nature Sciences
Edition, 2009,25(4) . 464.
9] BRI . fivd: 7. PR #E oD Z 3 SR ) s HLAY 0 Bt
BELT]. RG05 B2 2007,19(22) : 5307.
CHEN Ruging, YU Jinshou. Soft sensor modeling based on
particle swarm optimization and least square vector machines
[J]. Journal of System Simulation,2007,19(22) :5307.
(E#% 1658 TT)
35r
30+
25+
L&
o 20+
ey
= 15
i 10}
5r u=107
0770 20 30 40 50 60 70 80 90 100
BB

E5 EREGESRESEKEXRE
Fig.5 Relation of SNR-gain and filter weight length

5 Z5iE

AR SO B e L 2 4 A M A A P S A
Srpr NG AR LEM {55 a] DU i 70 B e B
AR AT M IE 5245 5. M 5 5 4ed o0 B
B A48 i 2 MR P 155 IR A T 9 T 7
B SR 5 1Y) [ R I Ll T LR A
IR BRBE T IE 5% 055 14 1 2 10 08 9 1) . A S
I LEM {55 19 B 3 0 38 380 ik o IR 1 1Y
LEM {55558 , JE P At 17— Fh AL BEAEZL, ] LUF
FBUA 1 BE N RE . PERE T I A M B I
RORBRT AL ST A 18 V08 I P ACR: » 7248 LMS
BRI AR e IR IOERRE T 18 A0 1) 1 RE S £ 5
PR IO FH R b 25T e eI B (R W I AR
B R .

Sk

[1]

(2]

[3]

[4]

(5]

[6]

[7]

(8]

Namias V. The fractional Fourier transform and its application
in quantum mechanics[J]. IMAJ of Appl Math,1980,32:241.
Almeida L B. The fractional Fourier transform and time-
frequency representations [ J |. IEEE Trans on SP, 1994, 42
(11):3084.

McBride A C. Kerr F H. On Namias ’ s fractional fourier
transform[ J ]. IMA J of Appl Math,1987,39:159.

Kutay M A. Optimal filtering in fractionsl fourier domains[J].
IEEE Trans on SP,1997,45(5) :1129.

Erden M F, Kutay M A, Ozakas H M. Repeated filtering in
consecutive fractional fourier domains and its applications to
signal restoration[ J]. IEEE Trans on SP,1999,47(5) :1458.
FERR BRI A BT A3 B0 0 L A A 1 R TR A A
S0 B IS N BRI [T ] S AR, 2003, 24 (4) : 499.

QI Lin, TAO Ran, ZHOU Siyong, et al. An adaptive time-
freqerncy filtering method based on fractional fourier transform
for linear frequency modulation signals[]J]. Acta Armametarii,
2003,24(4) :499.

ARG . (EFR R , Th IR 1], 45 5 UG e 108 dpk R g 180 40 iAo L
AR 47K T Bl H AR LEM [ 6A A [T 1. B 515 B2 4
2007,29(10) : 2305.

CHEN Peng.HOU Chaohuan, MA Xiaochuan. The joint detection
to underwater moving target’s LFM echo based on matched
filter and discrete fractional fourier transform/[ ] ]. Journal of
Electronics & Information technology,2007,29(10) :2305.
HIET s KB K FEE S SR 5 S8 e TM . dE
50: Bl R, 1983553 — 554.

ZHENG Zhaoning, XIANG Dawei. Theory of passive detecting
and parameters estimating for ocean-acoustics signal [ M ].
Beijing: Science Press,1983:553 — 554.





