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Abstract

Support Vector Machine (SVM) is a kind of supervised learning algorithm of
machine learning in computer science, it’s function such as classification and
regression could also be applied to related field e.g. geoscience and environmental
science. In this research, the data of heavy metal pollution areas in agricultural land
converted by Nemerow index (Pn) combined with SVM and geographic information
system (GIS) classifies the highly potential heavy metal pollution areas in agricultural
land. For modeling, the samples were optimized into an ideal proportion for training
data set by using 10-fold cross validation. In Changhua County, at 7,353 points with
the sample labeled ratio of positive (Pn=1.0) and negative (Px<1.0) set to 0.5, results
show the potential heavy metal pollution area with an accuracy of 85.37% and
F1-measure of 0.692; In Taoyuan city, at 3,288 points with sample labeled ratio set to 1,
results show the potential heavy metal pollution area with accuracy of 71.58% and
Fl-measure of 0.506. By interpreting the mapping of results with the information of
surrounding geological features such as the distribution of river basins, factories and
industrial zones, it allowed us to divide the causes and relationships of potential heavy
metal polluted area with the use of SVM. Thus, the algorithm had proved that it could
be validly applied to classify the potential heavy metal pollution areas in agricultural

land even with low training data set.
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¥-x = }}’{%?/é_ﬁ
2.1 * #F = £ (Support Vector Machine, SVM) % & 2 & *

L 4w £ (Support Vector Machine, SVM ) % - {45 53-8 ¥ 23
( Statistical Learning Theory ) @ % & J ey B & 3 = /2 > & 5 d Bernhard E. Boser
¥4 1992 & a3t B s F ¥ 124 (Computational Learning Theory, COLT ) 7% 3¢ §

d1p£ 4 o Corinna Cortes f= Vladimir N. Vapnik % 1995 # (Machine Learning)
g7 @ 2 % (Boser et al., 1992; Cortes & Vapnik, 1995) F]H i 4 ¥ & 3 Bzt en
AATR A P RAILE MR T SVMIL S ¢ AR K B A RJE A R 3L
Foe

SVM *t s s LB B 5 AR 38 2. g * 5 01999 &t p o 3 # (Lake Geneva )
FBEPRITHES T34 (Cd) 2R AF > &R E (threshold value) 5 0.8
ngg' 2 10 pgg B RFRFA 0 U FAE  AER THEE SVM 22
Bl ¥R PR TR RARE - BIRRIE B KR OE & AR R A
# (Mikhail et al., 1999) -

2008 E3 P Fw g2y N s R EL e R e g A &
BAEZFTHITL SVMPIR T A2 $F0l- 2% F DRt Mp b2 B o
Fritwme U7 s TR TRE R e R Bam A 2 25 (Chong et
al., 2012) -

2010 £ E F AL 5182 HA G P E HIRTR oA 12 BB - 2 0
FWEEHEFEEEN 22 pH N~ Ky,O -~ P)Os ~ CEC ~ clay sand (#:2 7)) % 1% 5 2750
ZoREW o R 2 AT ARSI R A G RAT D SR 2 F AR (Milos
etal., 2010) -

2012 #* =¥ 5 f & 4 (Kerman province ) ¢ Now Chun # * % > Abedi
Maysam % #-# 322 23R B X7 iy & #2247 - B3 SVM P50~

PRIFHAMFE] DB HE MUTFRHERF LHEF - B F L ek BT
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2.1.1 % S¥k (kernel function) 2 $8aE 2
SVM ¥ i% 6% # 5 < Sk (kernel function ) &Jd® & * 2L40 44 B 48 ( Zuo et al.,

2011)> W SBT3 2R T £ s £ 8 x, 2 MK F4T 5 (Optimal
Hyperplane ) o 2 & K(x;,X;)=@(x) (x;)" fr 1o dlicr ¥ L3 T2 fd:

1. linear : K(x;,X J)—X X;

2. polynomial kernel * K(x;,x;)=(y xiij +n', yeR*

3. radial basis function (RBF ) K(x;,x;)=exp (-y HX - X, H ), yeR’

4. sigmoid : K(x;,X;) = tanh(y xiij—i-r)

ooy, dy A S

d st& 7.0 (linear kernel ) #_RBF ¢ &4 &]( Keerthi & Lin, 2003 ); sigmoid
Poo i F 0 R A¥T > A% (7 5 . RBF (Lin & Lin, 2003)  #* #F » 22 RBF 4n
W 338 4 (polynomial kernel ) Z B 3 iR S Sl HREZHA CER S
P FOTAF AR 0 ¥ Huang ¥ (2004) ; Tay fo Cao (2001) #3451 » 5 5 5
Pro AR R B RE PR > H %% 2 B RBF > &~ 7 E# RBF i 1

NN El’rﬁi:"



212 4%F (grid-search) 2 2 x %% (Cross Validation)
% RBF t7 v s § 4 B %8 4 W) @ (penalty value, C) %2 %8 y >
I EE - BE R ECRfRAR L AR @ F R FE (grid-search) 0 ik
REHERREEH (Cy) 2MHmAE > 28 e e REHF>2F > M7 F 1 ip i)
(exponential ) 3 4t chf 7 Bl s 402 C=27,27, ..., 2y =277 278 2%
AP T REIR FFEGEN R FHFRPFZ S8 (Cy ) 5 ik 4ok
¥ (best pair of parameters) » H ¥ # 3020 FpaE 2 AR A S B DB
(Training Set)> @ F| 7 * M H A2 &+ & BIFL 5 %% # (Validation Set ) -
%3 < % # ¥z (Holdout Cross Validation ) > F#-R 4T AL g gl s = 3
B+ F & TLYREFERES > XN RYDIREE A LR KRE
%ﬁﬂﬁﬂ&jﬂ%ﬂiﬁﬁo
K =t 2 = %% (K-fold Cross Validation) %2 82" &350 = K (> » &

TR - R ERER FIT KL PR RE > AN FIREK L -



2.2 R %% (confusion matrix)

%R 4 2L (confusion matrix ) - & 2 chfha AR I o E - fA i 5]
o1 2 o HY &5 (column) A& - BEEAK S a7 (row) Bl 7
FRIANE > Bk R ERRELEFEELM G BHE Y Py ZH AT R
SRR W P Ak e ok 2-1 fr o T HEEREFLR (Accuracy ) ~ M £ &R (Precision )
7. v % (Recall) 2 Fl-measure % :*is ;p| £ (Evaluation Measurement ) ( Kohavi &
Provost, 1992; Powers et al., 2011 ) -

wp BrA P FFY 2 E B (True positive) ~ B 1542 (True negative ) g |4

gk o IR AAEEY B MR ~ 2% 5 - Fl-measure ¥ 4p 53t B £

(7%

P 5 A A HES % L g (4 ¢ Pandey etal., 2013 )

% 2-1 8% #*¢ (Confusion matrix )

ﬁ Z= N #E
B e
( Condition Positive ) ( Condition Negative )
R .. E M I
i Test Positive .. ..
ol ( True positive ) (False positive )
s EIEE E
e Test Negative ) )
] ( False negative ) ( True negative )

4§ (Total population)

Z True positive+ Y, True negative
> Accurac
—-% 2 ( Y) Y. Total population

> #FFcR (Precision) = Zueposive

Y Test Positive
Y True positive
> Recall
( ) Y Condition Positive
2xRecallxPrecision
» F1 —measure = —
Recall+Precision



2.3 15 Bdq 1% (Nemerow Index, Py) & 4 &

M5 B dp i (Nemerow Index, Py) * *%3= Bt & F e » 7 4 Pl 2 &
BIETEE s A E P ERERREE A VT REREREREK A 2R
(Nemerow, 1974 ; 3%& > 2012) -

Pod#Rmye 2 SARRRBIEER L8 blic 2§ 3456401
(PSI)~ -k Fria#ic (WQI) % i7 "'i5 %438 (RPI) % o i RPI 2] 2jp "k f i3
AABRZ HEAR T L e A2 T 25 B RAF BRRASEZ 2@ o 55 (2010)

5}};1 :Ix SR '/'r"‘pﬁ % 27 «f)»p_ /? ﬁi J\ ’F’T &éfii@%ﬁ‘ﬁ TE‘L_FI‘&’; ’ ;’ft’}\ }F’T#} Jf/glf‘._P il iﬁ *‘;‘F‘_
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PR AR B o BEEREE I ARE (C) AL o T HIES S
TR Al FEY PRI EFFES Coo T2 PyIREL F LT3 @ Py
A3 E o BT LFARE (FI% 2009 % E 5 2012) -

Py FE St BE - iR 0 BRI RE LRSS L P BB

TRATE RSB R 40~ > A~ B B B) 2 2 F FIRE 2 Tl

™

o i,ﬁwppmé}‘”ﬁ~ﬁ%*%’@ﬁﬁﬂﬁ%iﬁ°??P
TRIPVEFS T AR R 2R Hhemc®af L8 doiTR HBkME 2
Ll BRI RN RS TR SR E YR e
FEREBLGER (o F 520125 2 % >2013; % - 2014) -

NS A R BN R S R TR R A s de
£02-20 oY BTG R AR R Rl E Ak TR 2okifRe L

4\‘

R FRERL oy ok 42 - (Tangetal,2011): 2 % 230 5 ¥ B+
LK AT E R Tk IR (25 52009); ¥ b BN PR AL P

B2 Ao dod 24 ta (3EE > 2012)



4 20 Py A k2 A BRI

1\

Py & & = 1 1~2 2~3 3~5 5

PR E R TF ERGL 5% ERAF BKRESR

(Tang et al., 2011 )

I 23Pym T k2 A miRE

Py 4~ 5 = 08 08~25 25~425 425~72 = 7.2
BTokER OB L4 FadF i o

(2% 52009)

%O2-4Py 3RS E A BRE

Py 4 <07 07~1.0 1.0~20 20~30 = 30
IEFLER B2 %2 EEN 7R B3

(3% 52012)
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312 R¥AAFH

A1992 &4z stk k4 R € R R T (HAERFT) 3 R¥ &R
MEFEMALT AT RPN BT BEAS IS VI EFLER
B INFERNGFFLTE LI Ror I RT o wBREF2EREF G HY T8
F M2 BEF2 424848 - BASUTIRE250 2% ZH 2 RS
A 201 MHCHEE S 24 Rl4g (Cd)~ 48 (Cr)~ 4 (Cu)-~ 4% (Ni)-
£ (Pb)~ 4 (Zn) 2> BEL L BER - 2 FHEF L2 RZ L BSR4
g §50 8 10371 £~ $FS 9,005 F2 & 2 #cdp 0 £ 32 & 33 4w

SERASCFE R AR IEOEEEDBER A AR LGT 0

232 AR A E A RIEAD A

I Cd Cr Cu Ni Pb Zn

T s 0.28 0.71 10.88 3.56 8.07 37.54
LENAE ;'Y 0.18 0.31 7.46 2.17 6.44 8.98
1w A~ i~#k 0.10 0.19 5.01 1.47 4.36 5.98
¥ 3z A idic 0.37 0.52 10.40 3.34 9.79 14.04
BB 89.14 363.07 5512.46 911.32 267447  188590.86
L 1.07 5.10 59.03 12.13 28.22 1871.12

TR ad 10371 £ 0 B = Dmgkg! o Wi E o ey

o 33FHT LR AIEEBERD B

I P Cd Cr Cu Ni Pb Zn

I g 0.17 0.39 18.93 1.33 8.29 18.60
LENLE : d 0.13 0.24 4.38 0.77 5.89 7.78
5 1w A i=#k 0.07 0.14 2.65 0.48 4.12 3.93
¥ 3w A im#k 0.21 0.40 8.57 1.30 8.47 15.94
Bk B 24.37 4049 6411.70 158.09  2200.25  3206.07
R L 0.45 0.90 129.25 3.47 29.39 59.65

T 9,005 £ 0 8 = i mgkg!  HRIE ot gt
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‘ 1 )
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CitiERIFEP O RE S
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=

B2 Ol MHCI P2 BE A RFH -2 T2 H» R BLEE7 24
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FEFU RIERIE R ARE (Cy) £FFY 0 dodk 34977 o

zaf R e
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Cq (mgkg!) 039 100 200 10.0
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Py < 1O M RS RS R EDR £ Py = 100 WP RRTE D

BB UGETRE R e AT R PN 10 3 RIS 4 B3 R (negative) &

Foo@ Py = 1.0 595 % B B (positive) %7 4ok 35

| NP <1.0 = 1.0
3&,& #\/‘64 /‘54
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322 A#EFwE4# (SVM)

L # % £ 1% (Support Vector Machine, SVM) & - &% /E“;“ # % (Supervised
Learning) e 4 § FA& A %3 &8 { 5474 4ol 33 1w AT L0 7
d SVM = 23 1142 T 6 (Hyperplane ) #-7 f67 Fe #f % cnF ol e 3 > ¥ *hdddg T
BRI R B R T A 5 PR (Margin) e X e £ P T E
PBLFEAFRORLT G FLAFER > WPFHS AE4LT 5 (Optimal
Hyperplane ) > st #3" R EHZ TP fEr RHEE K - 2F? 21378 G LT 5 OF
ALBEAL S £ 45 % & (Support Vector ) » 7 1 # ptAg T 6 | Z AT T AL 2 AT SHAE ] o

(Boser et al., 1992; Cortes & Vapnik, 1995)

A Vi wiEALTE

A / (Optimal Hyperplane)
A A ) .

FiFg (Margin)

A o iHaE
(Support Vector)

EZ 305 4

(Support Vector)
o (o]

B 33iFe EWMET L

W HE LT 5 D={X, Vi) | VX =", x")eR"|y e {+1)_1}n P AT B

EcE AN ks
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Aol 34 B S RFREARTG > TEOMT PRI Fe RS TR TR I T 34

)

S
=

{W-X—b=+1
w-Xx—-b=-1

A
X A f—— w-x—b=+1
A o o
w-x—b=0
5 & A

e R >

@]

w-x—b=-1

© o

B 3-4 B~ BT

B BAZT o 2 FFepEdr A 2/jw o PR FE ) i |w|e B0 e (Soft margin )
¢ B4~ R4 S8 & (Slack Variable) 12 8 ¥y X GRS A 0 T M
RIE e sV RF R o B AR f M T G R A BIRER - BRT G

2.

b

-

cF R R A TR R 2 R Bt A AR S o ¥ Y

I
L1 /F

i

WErF iR P RS ET AT S
Y (w-x+b)>1-¢  1<i<n
KETS 0 b 4 T EEfes ] T (penalty value, C) & % p 2 it 7 B 57

it s 2P C>0 o HHELIAEIE MET S

Min %WTW+C§:§

w,b,&

st. Y, (Wa(x)+b>1-¢) Vi=1..,n
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>0
52 A E 1 B 32 (Quadratic Programming Optimization Problem) » id i

LIBSVM (Chang & Lin, 2011 ) f% » #F42T 6 ens g2 6] S i ¢

f(x)= sgnqi .y (%, X)+ bD
LA R AL B P 3 B K (X, X)) i B Mercer i 2 K(X,X;) = ¢ (x)" (X;)°

Ve LB EIERIPHAIEARIT  AFRAZFH IR ELT G

TR F Ay B as g S (Yangetal, 2008) 5

f(x)= sgn[{ZN: a,y; KX, X))+ bD

RO RBAZEOPFPFEER G AR IBGE o A SEE Y B
A Fe R H Y K(x,x)=0(X) o(x;) = 5o ddc (kernel fuction) » &4 7
¥4 RBF & 2o e £97 5 ¢

K (X, %;) = exp(=y]x — xH) ye R
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33 3 inAt
331 A¥FwEH (SVM) ##
L e R (label) * B2 A RF L  (training data set)
W guE R B 1S 1 B E 3 4 (Validation data set ) 2% AT F 4 f (New data set )

A5 8 SVM IR A SE 8 % T A 15563 0 inAzdc@] 3-5 o

RAE S Y
(best pair of parameters)

\ 4
24k %E E ok FZA0R % R
(Training data set) (SVM) " (Model)
|
v
HMEHRE IHmEH | o oEEXR
(New data set) (SVM) "1 (Result)

Bl 3-5 L84 (SYM) A #miz

332 RRiHF
d B 3-5 #1710 121 SVM AR~ iE 2 AR LS Slkcd (C, )0 A ERE D
B it %8st (best pair of parameters) » #2756 10-% = %% (10-fold cross

validation ) i& {7 4 $2. 3% (grid-search ) i& {7 |38 S B ¥ & 15 » 3 17/ 4240 8] 3-6 o

v
2 =2 a2k a IO:RSEX%%% H‘%‘ﬁ}‘};{%i%}
. a6k 5% E(;Ht ) lﬁ]é‘éﬁ%% > (10-fold cross (best pair of
raining data 7 validation) parameters)

Bl 3-6 4 fa i in AL
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=
=
Sl
i
*-n
\‘vﬁ_
:‘:‘\:
B

41 pFRApik (Py) #=H18%

AT R RRTRBIZEFEEBTEEHEER ARS8 £33 97 & 0 1Y
PR PR AL RS BEMERRE (Py) FEFEAAL 2R (Cd-
Cr~Cu~Ni~Pb~Zn) BEAFTH %Az FEE (X, V) ;fﬁF"**‘*Tﬁ!'_
T3k 3L (geographic information system, GIS) B+ z F A4 # & 3% % (2012)
BRI BELSEER > TEFT R PNEZEAT o 4oB 41 B 420

(=) F51 5%k

BT R R ek 41 T 0 25.22 %(6,461 £ TR a(Py < 0.7),5
2125% (1,459 4 ) B> T > (07 Py <1.0),; 23.82% (1,954 4 ) i+

&R (1.0= Py <2.0))5 23.82%(248 ) >t Ti5 4 (2.0= Py <3.0)
Bt 2971 % (249 ) B3 T3 (Py=30),-827? sPy= 1.0 #% %
T 2363% 272 HFAPFTREFFE O FH2A A7 XTI L 4
S A

(=) te@

FEF D 324 R ok 42 977 0 72,40 %( 6,520 £ ) Tiga(Py < 0.7);

934% (841 ) B> T& 2 (0.7= Py <1.0),5 946% (8524 ) F» &

4

(1.0= Px <2.0),5 2.89 % (260 £ ) >t T4 (2.0= Py <3.0),; &
5 591% (5324) B Tz (Py=30),- B¢ 1543 FEt P

B +F* (Py= 1.0) 3% % 18.26% °
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F 41§, APy A L T &

AR B Py A & e S A

[ Pn<0.7 6,461 62.30

Z > 0.7=Px<1.0 1,459 14.07

3‘?‘;?41“ 1.0=Pn<2.0 1,954 18.84

a4 2.0=Py<3.0 248 2.39

I Pn=3.0 249 2.40

R 10,371 100
}i PN 4R
e 00-0.7
® 07-10
0 325 85 13 e 10-20
Kilometers 20-3.0

e >30

Bl 4-1351 %4 & 45188 Py A % )
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% 424V PyA AT A

L8 s Py A e s T A

i Pn<<0.7 6,520 72.40

Z > 0.7=Pn<1.0 841 9.34

LS 1.O=PN<2.0 852 9.46

a4 2.0=Px<3.0 260 2.89

3 Px=3.0 532 5.91

KL S 9,005 100
PNFR{E ST 4
e 00-07
e 07-10
6 12 ® 10-20
Kilometers 20-3.0

® =30

Bl 42 F4FP & 4R Py A T B
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411 B ATHRER

(=) F51 %

LgFe B (SVM) F#0m SUFEHAR R 1538 74 87 At ) 1 BTG Bk
2L Py 1 1.0 i 5 ® @ (threshold value ) % 4 % = #f o %3 GIS 3 41 > 4o ] 4-3 o
He s 2451 £ > Py = 1.0( 1 23.63 %) 4 5 B+ (positive )s 141 % 7,920

£ Py < 1.0 (16 7637%) 0 {24 5 K54 (negative) » 4rd 4-3 ¢

£ 4350 mPyA s (REX2s 1.0)

Py A B i i At (%)

Px=1.0 F 2,451 23.63

Pn<1.0 e 7,920 76.37
& 10,371 100

N
A PN FFEI 48
@ PN=1
0 325 65 13 @ PN>I

Kilometers

Bl 4-3 350 B & 5 1.0 2 & 348 Py
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(=) tm7
B PR BFS T kB Py & 1.0 755 R & (threshold value )
T h KR e 440 H P > 1826 % (1,644 %) ffg"" Py = 1.0; 81.74 %

(7,361 ) B3 Py < 1.0 4c%k 44

% 44 PyA s (REX 5 1.0)
A

Py A 4 £ S (%)

Pn=10 B 1,644 18.26

Py<1.0 K 7,361 81.74
KR 3 9,005 100

Bl 4-4 7 REZ 1.0 2 & HRIRE Py
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2 PIRE R RS BIHEH
A E R AP RS B (positive ) TR S o ro R4 S 12 1 (negative )
EALEERE 0 A Rt G Bl 2 9 R (training data set) 0 T 0U3E

T LR BERIGEFHCA] (model ) pit » R UE 1R & At GIEHRIGE R % h

B E S FS P Sl 2 B (C,y ) A B 5 % (0.5,256.0) % (0.125,
256.0) ¢ PR R A uded 45 % 46 “rF o PSS e R R A

R RIT 2 B F A B A S 112 PF Fl-measure

5 0692 5 FFDHEMESEMEL S 101 FF > Fl-measure 5 0.497 -

2OASTBBE AL GRS
1ol 1:2 1:3

P : Positive 2451 2451 2451
N @ Negative 2451 4902 7353
True positive 1924 1706 1444
False negative 527 745 1007
True negative 6524 7148 7421
False positive 1396 772 499
#rx & (Accuracy ) 81.46% 85.37%  85.48%

+ % (Recall) 78.50%  69.60%  58.91%
## & B (Precision ) 57.95%  68.85%  74.32%
F1-measure 0.667 0.692 0.657

% ¥ % & % Fl-measure $ 8 5

Fo 46 LI R A GIF RS
1:1 1:2 1:3 1:4

P : Positive 1644 1644 1644 1644
N : Negative 1644 3288 4932 6576
True positive 1310 486 292 0
False negative 334 1158 1352 1644
True negative 5136 6961 7172 7361
False positive 2225 400 189 0
# xR (Accuracy ) 71.58%  82.70%  82.89%  81.74%

% & (Recall ) 79.68%  29.56%  17.76% 0.00%
A F£ & (Precision ) 37.06%  54.85%  60.71% 0.00%
F1-measure 0.506 0.384 0.275 0.000

# ¢ % & % Fl-measure % B 78
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43 B R EER BT

-

AT AVREFFRAFKERCENGE NPT R 42 BE DI RER A
WEBE SIS B REES 12 A pFES HEs 11
WA B (X, Y;) (FE 2 k58 0 3 T RBF 5 10 Snlle & 5
Bl bt DA PR T R F A R R A (10 %, 20 %, ..., 100 % RE ) F
i e F (grid-search) e 10-3 R %% (10-fold cross validation ) » & iE & &
% ¥ (best pair of parameters ) » 12 4 F#L & (Total data set) f iR > 4733 H Bz
& (Accuracy )~ 2. % ¥ (Recall) ~ ##£ & (Precision) ~ Fl-measure % ;5 4 &4t
FRESE
GBS PR DR B R SRR A S Ard 47 2 4 48 DA B KR
BRRPEFEESEEE AR S R RFE IR S A0R L YWAoE 45
B 47 VVREBE L BT ALESEAS WAcB 46 B 48 o o BEET o F
VRERAFKEAAT 0 BAFERIE % Fl-measure 4% 3 0 % & SVM ek $g3aie M
FythrginRsy o
50 Bk 7353 A Ehi A M S AR A 112 TR 2 2 A E T S O
EERSLERER T URATHEPREER MBS ABES B 2478 £
(i 23.89% ) ®grR (Accuracy) 5 85.37% ~ Fl-measure 3 0.692 > i & % &
AT AR e R PR s s U REIRE P
FOFT AR E 101 T o 0 3288 & F ALY MuE 2 ] 0 T B RLR R
BEBALAFES GBS 3,535 £ (ik 39.25%) ®rE R 5 71.58 %~ Fl-measure
5 0.506 > BHA FADTFFIRE P o
R A g 10 % PTBPFESS I B FF P Fl-measure 4 %] iE 0.611 2 0.421>

BB L WEITRT A S ch Fl-measure 484 > & 1 AT F % |0 SVM MR
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44 B3 & &85 G MBS

ALY GISEEAS LB R V{5422 FRnGHE) > N3 &
B R E RS 2 TR DML AT FRE SVM B4 LK £ 2B 5 LAY
T2 ZBABRTR BRP S IR I ERDIEAF  FELFEL
AAFH(E 49 FZR AT R ELSPFARG R L Sl R TS
= F] o 4B 4-9 - B 4-10 o

A EEHT  BALERZ RS S BB FHEL 0 S AR R T E R R

ERARFE S SAERE S GRFCRE o B R 5 MBI Ek
(2011) #p2L> 4t BEP IR > BVHRBGF AR A CLErE2HTLLET
AR TR EFERE S AT RERT R R A aE Bk
B BT RE Y KRBEFRRAN L > wrE R aE L kR
BEFTHLERNEG - Lokl FIHPLATTHEERE B EF 0 2
ke ¥ b By e BEE2 BT 2T LT e gk e
BIC% $:2013)% P k1€ GE NS M5 2B FH(LL £2014)
BAFLEEEREFH  FRAFIHEFF L Pv=1 0 &R E k]
PEEFTPRA-LE O RELFARTRRXPENFER 0 B 411 B 412
LB ST S LB RRBIRLG AN e 0 4o F PR G A EEP R

AEC FHEE AL R LT B A AR TP R 0F 4130 F 414
%049 FEgH 2 HE LR LN

L
e
e
L

ARFAE LA

IS Cd, Cr, Cu, Pb, Zn
EHAAE As, Cd, Cr, Cu, Hg, Ni, Pb, Zn
£t RILE - REE Cd, Cr, Cu, Hg, Ni, Pb, Zn
P2 L EMAE ¥ As, Cd, Cr, Cu, Hg, Ni, Pb

A3 FE e 4 0E S ARk RfeER (2012)



(4] 5 o 2 325 4 B ¥ oL 8% 0 (E 6 (4

-y s - _...,A.w.% TR
2% @ « GENEERE TP
I<Nd @
ISNd @

WLOHE Nd : .. ) /z\

siajaLuolly|

€l 59 sze




144

Mooy 925 4% E ol & o (dad 00 &

BT A
(T FH AR g (= DB L Hﬁ% 3

(CIDEETHOW

sisjaLo|y]

43 9 € 0




Sy

e WAS B w2 2o 2% ob=t® [Nk K 110 14

Wk 2YWELUWHEE o B siajeuI0l
1<Nd . €l s9 S¢e
ISNd @

W7 HHE Nd




9

F &l WAS & Tw 2 £o ¥ /bt a [ b eldad 214 4

WS AWLMo BT
<Nd @

[SNd @
WO EAR Nd

sI8jawWo|y

cl ]




PN #HE s 4K

PN=1
@® PNl

3.25

4
2
[
E
o
"4

FUERNR: Z BSBSE

i

i

r-"_ |

B

=
=

7l

ke

£

%A T 5 2 & SVM

25

B

T 3 B,

47



8y

[ dees INAS B T4 ¥ L Huae 11 % e(fd vI-v (4

W B RGO T HINGINE —
<Nd @

ISNd @

WM AL Nd

sI8jawWo|y

cl ]




£13 &%
1. 54 ¥ % &4 (Support Vector Machine, SVM ) 4 #f » 351 B4 B ;5 L B4 8k =
#2478 £ (i 23.89 %) A R R H A TG K 5 B KRS
R B AR s 3,535 & (ik 3925 %) BULA F Hc ]

TP S BEN LAY RE IR R L R

20§51 Bk 7353 A gk AR IEM R 112 T e 2 WAl R EE
ERBFAERER > FEErmAE (Accuracy) 5 85.37% ~ Fl-measure 3 0.692 ;
FEF T AMRAOL S 11T 0 2 3288 & FRY U 2 WA 0 A ERERIZ B 5

Brg Rk % 71.58 % ~ Fl-measure = 0.506 o

3. AT HEF U SVM FE 2 i ook B NI EE £ RS RERLS 2 A

DR B AR A BT i AT A B o

4. AFTHTHRSVM BAr B £ 2 B3 A4 FS w2 2 R BT 24
5

MR IR A ERRTEATE o FH 5 B L ER L

e

SR 1 EFYE o D E ARG IS QR < SVM iR H i rdl 2

AER SO CE RS L R S PR
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5% <t

EE G201l LA Ee BPFE 0 5 R A FFE B R BT o

‘m\mf
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