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Z—, WS IR T T S BN A T kb X (B AR
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KB, o A e I R B0 33.33% , 23k 12 JH 4
VIR, o5 A4 Wi R £y 44. 44% , R 80K
(SIS e S ER =] -

UTAER , VF 2227 8 NS TR] 8 £ JB X8 R 30 Jt JmK
FEPEAN g B9, W W TR A Zon g it o i (R
WESE,2010) BOBIZESPEA (BNISE, 2008 ) K €556
WA HT (22 SR A2 46,2012 ) \ N T8 [ 2% (B JE 4%
2006) &5, FF [ E AL (Support Vector Machines,
SVM) & —FhaEH A 1 igpldey A HOR  REB R LT
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Lee et al,2011 ; X475 %5 ,2008 ; Fei-Long Chen et al,
2010) , fe/N ST HF A L ( Least Squares Support
Vector Machines, LS-SVM) J& 45 SVM ) 725 £ &
1, FOPRHERY SVM A 35 SR SR A B2, Pt A 11
SEBEIRE D (el gl s F AR B, 2003 ;S Deng et al,
2010) o ASCHRE LS-SVM BEHY R JLA i B, AR i)
AR, 8 LS-SVM X 2 HIREA 1y 2 2 Y1 25, 1T
P ARFIREA K TSRS, 5 BP Mz j 25 K5 73
B A 7 ) b, 45 R W], LS-SVM 1E K1t
SR ST 5 T A B S SRR AR

1 SNSRI FEEVIRE

SVM J 5ty Vapnik T 20 HHE 90 4EARAESE
3] #115 ( Statistical Learning Theory, STL) ff)3& il
R R ) R 2R W] A O Ry
JETHI A R T A 114, HE A JEARUE 3 o b Ry o 1 3R
2L RS A A 1) i RS 31 i A AL 2 8] R, AR
T o 24 2 [ g 2 i 00 0SB Y- T, A ] 28 531 /)
FEAS TCHE 1R L 3 T EL 8 i Y- T il 1) ) o 38 e G
ST AR B R (5K 24 10,2000) . SVM Ay FEA JEAR
ATUHE L RE R, Eh A AR 12K, H \H,
OrR i 2 EREA TR H Ol iy i HAFAT T |
WEZL(H B H, H, M%), i H H,
SCReI e, H R R d5c At 73 1 -

LS-SVM J2&trifE SVM 1) —Fh 2T 5§ &, 5K i
R, By iR T IR D AR () A K
Suykens , 1999 ; Jiliate 3% 2% ,2010) 40°F -

BRRLIMNZRFEARLE S = { (x,,5,) k=12, ,n},
x, € R",y, e R, o SRR ALy, 20 &k .
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Fig.1 Schematic diagram of SVM
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. 1 1
min J(w,e;) =?wTw +77k§lei (1)

sy, [ Weo(x,) +b]l=1-g,,k=1,2,+\n

(1), e(x,) :R"—R" ZRFNAEL AW, w
eR" Wi tE e, € R iR 2, b J&H H I 2%,
PR pRES T e 1 25 AR U Ak it 2 0,y o AT I )
BB, IR A I AE ST . IS o (x,) I H
()2 M 1 25 ) H e BRURRAIE 8 S i s Tl g 14>
FEAWRS Ay AE S [a] PP i) 1A i, ik St i 5 1)
e PR AT 3 e, D fig e X (1) Frid pt Ak )
L, K38 Lagrange PRI :

L(w,b,e,,a,) =J(w, &) _kgl ak[ngo(x,[) +b

+ep =] (2)
HH a, e R 5y Lagrange 3 T, #HHE KKT (Ka-
rush-Kuhn-Tucker) 2 P , AT {5514 6 7 i -

0o -y
b 0
a0+ 00
K(3) Y MREARK T A, a =
(al syttt ’an> ’ 'Ql.j :K<xk’xj) :go(xk)TQD(x/) ’k\j
=1,2,3+,n, M4 Mercer 514, FEFEMLES @ I
PRAN K (2 ,x,) 75

K(xk,x_,'> =€0<xk)7‘€0(xj) (4)
AT LS-SVM 1 fIt 73 S5 TR SR ek B0H -
y(x) =sen{ 3l K(xx) +b° ) (5)

Hrva, Mb" z(3) K K(x; ) % eR
o WM RO 2 02N pR % A2 17 3 (RBF)
1% PRESCNT Sigmoid 4% pR R (FFEEHE A 85 35 5,2010) .
RSO T I S B 5 32 9 42 1) 3 ( RBE) % 0
e

K(no) =es -

||xk—xj||2) 6)
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2.1 ®EE

AT LS-SVM 23 B 04 7 AL K o o
M, B G E R ORI UK B R R A
Ve REARR S HEAT LS-SVM BB iy~ I 45, foeJim
A FHIN SR L7 AR AT T, A5 L 2R 07K J5 25 o
ARBIPEANER

AR [ 52 M 2 K PR 858 o e ( GB3838-2002 )
RIRLRE , a2 KK SRR S D RE AR 3P F b , $2)
RERRR KIS 6C T TV ILIV. V) o A
DIRE I 7 BIFRA T IO 28 531 ) A ML, 7K SR DI BE
Bl i AR ™ TR O RE MR bR . 5 &
PR 1 PTARAHE B AT R , e 28 368 B K B
Bl oA AR 9 pH R A AR S (DO) | il IR A1 R
T2 (CODy, ) V= A (NH;-N) 4 A PEA 95 b 2codi it
FPRIARBOK BN ITTE . S FR IR T AR
E(GB3838-2002) HLL | 4 NPT 45 b i bR E IR ()
W1,

x1 4 NMERIBIRRIIRERE

Tab.1 Standard limit of 4 assessment criteria

" - S
18 Fr N N N N N
|ES IS m3 IV V2
pH 6~9 6~9 6~9 6~9 6-~9
DO/mg-L7'= 7.5 6 5 3 2
CODy,/mg - L' 15 15 20 30 40
NH;-N /mg - L™'< 0.15 0.5 1.0 1.5 2.0

ASCLAFE FEPARER 2010 4E55 1 JA] ~2013 423
10 JE A A () AT S8 T T 080 M 3 3 e TV 3 %
YL JLIR NG L LR TC B Vi LI B % 2= 1
W 5 > T T 7K 5 R i St A IR 42 D AR A
PR U5 T 1 AR s o0 (hitp:// datacenter.
mep. gov. cn/ ) o BTN S A 34 A 138 5, 12
R4 DV R bR RO K BT SR, Horr,
B W0 e A7 4 BE ML A B 80 2 B4 /Sl LS-SVM
B BN GRAEA L SE B LS-SVM #5714 27 2] Y1l 2R A1l
ff A e PRS2 58 B AE y LS-SVM LAY [y
MRFEAS (B K BT S R ), R IR br i) LS-
SVM A AU AR 4 iy A0 R A% 48 A5 Bl 0 LK 5 45
BT BN RV, R G HL 25 R S S PRk it 45
RAATRT L, F5 BP M /25 H5 o vk RN 45
AT He, AT LS-SVM A5 5 g /K BT 208
FR A LS-SVM BLA J5i B, 55 F LS-SVM L7 (1% K ¥
WK FPEA AR A E 2.
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Fig.2 Evaluation procedure of Lake Tai
Basin based on LS-SVM

2.2 HiEtRAEN

FEAMBE VI GRAE AT IRXAEA Z I, 1 IH RS
P A P R iR AN T 2% BEESE L, 38 B BhF 1
RO, 7 B O FUR s AT PR AL AL B (S FE AR
PabrufEA oy XTI [0, 1] A% G 40 501, H 2 fEL
A B/ NS o Xk T T AL K B A A 138
ABEFEREA A4 SRR, R PR ATE A -

X= (xkl s X2 5 X3 axm)

- =12, ,138 (8)

X381 Y1382 X383 Xi3g.4

X (8) t, pH {E . DO, CODy, NH;-N 4 A iFAf
TEbR 1 138 D FEAAE 20 AIC N 2, 20,5 Xy, X
(k=1,2,---,138 ) o ZidbriEfLab B , iChR HEF
IrHERE g -

Z= (xkl s X2 s X3 9xk4>

21 212 213 214
251 Zn 223 24

= k=1,2,--,138 (9)
21381 <1382 “4138,3 “Q138,4

AR5 [ 5K 4l 3R 7K 346 58 5t 4 AR ME (GB 3838-

2002), I ~ VZE/KE) pH {EAE 6 ~9, pH (R
TR AIB 45 VIO T, DOy 1E [ U 46 b (fE
FOOK T RELT ) , COD,,, F1 NH,-N 5  f71 ] B 5 b7 (i
AR BES) o B, Bk pH (E R «f) (AL
Wy =7) 00 pH ER AL (10) DO SR (11) |
COD,,, Fl NH,-N SR H (12) fros 77 2N 7 An Ak
AbFE,

0 #rox,, <6 85§ x, =9
Xy — X
1 —% 6 <x, <xj,
x;, —6
zy = ,(1<k=<138)
- o
1 H Xy =X
X — X,
1 _“70“ A ag <xy, <9
9 -

(10)

o, =— 2 TR < r<138) (11)

max x,, —min x,,

max x;,; — X .
=E§;;fgazgx1sksnsdza4) (12)
2.3 HERIZRFEITEE

TE 58 R AR HE AL AL BRS , 4300 i A I8 7 35
5 A W ST B I At AR 5t RN A A 25l B Ap
SE 8 LS-SVM #2712 ] Y1 25 A K A A 7K i
EHRMVEN . K BOK BTN (8] R T 2432510
B A& Dh LS-SVMlab v1. 8 F& P4l 5¢ il LS-SVM i 7
IR TS EA AL, DA R SE R T 2240 2K n) 8, A%
AE Bz AR P AL, 75 Matlab JR3E H 52 5 T LS-SVM
BRI LR AU AL AR AR K T S AN o

TESIZH y B o J& LS-SVM 51 1) 56
SR, SR E BRI RE A R I, Atk
& LS-SVM #55 [y ¥ i, A< SCR I M 4% 48 & (Grid
Search) J7 7% (4 k13K 58 Je , 2006 ) #1728 L ERTIE
(Cross Validation) 5¢ . XJ T W7 VL350 M 35 30 s L W
P SR i i N L LTI I N oL R I W X
ER4EIME S A AL B U ZRFE A K, 45 W00 w57
() LS-SVM BIRISHUN S 2, I Gl ansk 3, M3k
3 PR A A WS AL YRR B R L, LS-
SVM AT A4S W s5 A2 DN 2R A A 1 K B P E i 3
RB TEGFRCR . A TR LS-SVM BRIz 1k
REJT 7 A I A AR PR gl s o B 25 A
ATK BT AN, A I G ls 7)) LS-SVM 55 78 A g
iy ADAAEAS ) P b Bt B 2t 58 K Bt 88 90T
B BRGNS SR 5 S PRk LSS A X L, 38
i1 5 BP a4 K5 o B vk B AT 1R L, Ik
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HAFHaE S . o, BP M 28R T B2 B 2 M
LA A n AT AR g T RN,
a1 ~10 BRI WSS R A1 8 n DS 1
245030 (13) B (5K 78,2009 ) 5 H40 51 70 B i i
BYGETH 3T SPSS 19.0 S8,

n=.,/n,+n, +a (13)

LS-SVM 5T 35 2% s I i A3 25 A aCRE A £14 7K

KB I ZRRIRCR 84 ARz ARE S, Bl
RSHIAREAS (B K 5T 55 9 R 0 ) BRSO
FIERHR, JF HAH LT BP #4807 0k KA o
Moy A4 B i 73 SRR 3
x2 FMNENA LS-SVM HESHIMER
Tab.2 LS-SVM optimization results of

every monitoring point

N N e N I A
AR UL L3 4, LS-SVM BRI 15 BP 22 1] T R
2% R o3 B i PN OR XS LU DL 5 o - i BRIk S TR AL,

EAE3 L2 5 T, BT LS-SVM 1A i a fii“]fz&c 1.599  20.688 50 964.398 0.176  2.508
N e N y ¥ 1.426 2.216  727.028 0.022 1.200
TR BRI AT LI 2 RK B S 2 I R AR -
*3 FHENSACIFEARR LS-SVM A Z1E R
Tab.3 Training of LS-SVM samples of every monitoring point
4 K
W A5 W H r_x
Rk |ES IES 3 \ES V3 %HVAE
. . A A 80 - 22 44 14 - -
WM e
IIRIEHE % 97.50 - 95.45 97.73 100 - -
VN e 80 - - 2 26 29 23
BNETR iy
SIRIEWFE/ % 96.25 - - 100. 00 92 97 100
- FEA K/ A 80 2 42 26 10 - -
ML N
IIRIEHHS % 92.50 0.00 98 88.46 100 - -
SN AR A 80 - 57 22 - - 1
THE , N
SRR/ % 98.75 - 100 100. 00 - - 0.00
LARE A 80 - 14 32 27 5 2
ey A
DHRIEHH % 96.25 - 92.86 100. 00 100. 00 100 0.00
=" TR S AL EREA 4 V OKBTTs e R EE C g GB3838-2002 FLER) V 2K,
Note: “ —”means no sample for the monitoring point, class worsen than V was exceeded ClassV defined by GB3838-2002.
F4 LS-SVM I3 & Ml s A & R MR HE AR K RERZTEMER
Tab.4 Grade evaluation of testing samples of every monitoring point based on LS-SVM
4 %
Wl 5 5 H A , ‘ L ‘ ‘ g
ik 1% IES M V% V3 HVE
. ; AR A 58 - 18 38 2 - -
TP I s N
SIHIETHF/ % 86.21 - 83.33 86. 84 100. 00 - -
=5V 58 - - 2 28 15 13
s
IIEHE % 87.93 - - 0.00 92.86 86.67 92.31
e FEAE/ A 58 1 34 7 6 - -
P N
SIRIEHFE/ % 84.48 0.00 85.29 88.24 83.33 - -
. FEAK A 58 - 46 12 - - -
RIEHE % 86.21 - 95.65 50.00 - - -
T -
R ﬁﬂﬁ;ﬂ(/ ] 58 13 28 14 3 0
SRIEHFE/ % 77.59 - 84.62 78.57 85.71 0.00 -
TE: " = "R GO TC IR REA, 25 V 2K s YR B 5 GB3838-2002 FLERy V 2K,
Note: “ — "means no sample for the monitoring point, class worsen than V was exceeded ClassV defined by GB3838-2002.
3 i HRRSH , ASCEBFEATER 8] FA— & M
ZA =]

ARSI RIBTATIEOK B PF A LS-SVM AT fiE
H B RFIFEA R K R, HA BP #i 2 R 2%
F 3 LA W TR 23 2SR 07 kAR LG, HEpE i 45
G PR OUHE R ARAT , AT LA R A U S B R AR
R A BASE T PR AR S i — OB iR B

JE, T AR Z1 K SR nl e A BRI B,
MM AL B P RCR , (E R R AR XA O T
BT LS-SVM BRI IUK BTN B B SR BE A 45
B AP EA R B R, HLEE0 T BP i 28 R 2% 55 6 1)
7k, EEUGHH HEAT SR 5 A SR 4N [R]85 B2 /AN
[ U1K B Bty R B2, LS-SVML Y 732
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Tab.5 Comparison of evaluating results of 3 methods for

water quality assessment in Lake Tai Basin

e SRIERH %
W Aoz -
LS-SVM BP 125 %4 F 553

T PH B s 86.21 81.03 67.24
A RN 87.93 79.31 65.52

FRINVE L 84.48 75.86 60. 34

TV 86.21 81.03 74. 14
L 77.59 68.97 67.24

PR IEBR AN ] SE A S B A . LS-SVM AR 3
PP AT Ot — 22 IR AT ST o A0, AR SOk 4%
R AR 1) 2 (RBF) A% R 85, 2 AN ] 1) B2 3% K AR 3R 553
A TEASREHARIE FH , Q] 26 3 mRA) RO 214 PR A% oK
S NEE R AN, i TR A AFRR ], A SR
I pH {H.,DO,CODy, (NH;-N 4 A PEA 445, 1 A
ANTF) AR B B oK B A5 B K BRI 8 AR IR 22,
PUE S ey ae:y) IIESIS o ghe -9 I A iR AR 1PV E S
Rt — T

S 30k
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Application of Least Square-Support Vector Machine in Water
Quality Assessment of Taihu Lake Basin

CHEN Xi', QIU Lei'*, HUANG Ze-yuan'

(1. Business School of Hohai University, Nanjing 211100, P.R. China;
2. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering,
Hohai University & NHRI, Nanjing 210098, P. R. China)

Abstract; In order to achieve an objective and accurate assessment of water quality and provide a scientific guid-
ance to water pollution prevention and rational utilization of water resources, a model based on LS-SVM was con-
structed to evaluate the Taihu Lake Basin’s water quality, Five monitoring sections in the Taihu Lake Basin were
taken as examples. The LS-SVM models were established with the samples which water quality grades were already
known, then water quality of testing samples were evaluated by using the well trained LS-SVM models. Further-
more, the Back-Propagation Neural Network (BPNN) and Discriminant Analysis were also used with the same tes-
ting samples to testify the method’s efficiency and accuracy. The results comparison of three methods showed that
the LS-SVM method presented in this paper performed much better than BPNN and Discriminant Analysis Method in
the water quality assessment of the Taihu Lake Basin. In conclusion, the LS-SVM might be a new reference method
for the Taihu Lake Basin’s water resources management.

Keywords: Least Square-Support Vector Machines; Taihu Lake Basin; water quality assessment



