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Abstract

Volatile organic compounds (VOCs), as by-products of the rapidly developing scientific and tech-
nological era, have problems of wide source, wide range, harmful to health and difficult to treat-
ment. VOCs detection has the problems of complex sampling method, long detection time and high
cost. Rapid and accurate detection of volatile organic compounds is of great help to take timely
measures to reduce its harm to environmental air health and improve the quality of human life. In
this work, three VOCs of isopropanol (IPA), ethyl benzene (EB) and ethyl acetate (EA) were se-
lected. The cavity structure creates a closed environment to reduce the influence of organic volati-
lization on the experiment. A metasurface chip with Fano resonance was used to measure the fre-
quency shift and intensity of transmission spectrum after terahertz surface interaction of three
volatile organic compounds with different micro-contents in soil. In addition, the univariate re-
gression model was established by selecting different fitting functions according to the variation
trend, which showed that the three volatile organic compounds had obviously different characte-
ristics. The results show that support vector machine (SVM) can distinguish the three VOCs with
96.7% accuracy, and the Gaussian mixture model (PCA-GMM) classification visualization algorithm
based on principal component analysis can realize effective separation within 95% confidence in-
terval for trace detected substances in classification visualization.
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1. 5|

ERMAENHI(Volatile organic compounds, VOCs){E A TVIE & IR f, EERFETSSEHE,
FEAR AN KATE I E[L]. VOCs RIBHED NoERMANEY), FEAFEERER, SEaIW, &
BAVY, SWMANYE, BAEGE. M. SER. xfe. B B 8. B BB sy 2R
2], VOCs WA ATWARZ, WiblshZEdiliE 40, kA=, KR, ZHBE. @EH MmN, 2
PR SEEEAR . AT, AR EIRISE[3]. VOCs MfAfE S ¥k Mg s, AS MBS, KT
NBEARAS, B 5t VOCs M FEoRIE R NKIES), WA, 4T, 22, ke, mRAE
S [4]0 B AR —AH AR R A VOCs [ B 1 550 VOCs 5 5 Bl , A Bedl & iy & BI[5]. H |, VOCs
VA B 1) R AR ILAE LA R LT T . VOCs SRR, KRBT Hik, MR AHREEZE TR JEEK,
AA A ARV G PR 3% B 22 S M T AR e 50 J3 AW e 2, ARSI E FH A AAE Fe4i1% . VOCs
i FH BRRE TG SR, TERAT, W B RS A 0 [ AH A5 HUCRE AR S5 [6] o 8 FLAHE R AEA WA I 770
SRR, B EAIEESET].

K% (Terahertz, THz)$a A7 T 0.1~10 THz Y 4 0 HLEE , A TR MLk 2 e, BALFRe &R,
WK BRI, [RIINREE S AR 85 53 1 N A 231 1IR3 AT LUK 73— X6 R 24 % 1Y)
WL, A3k 8 G B8] AR ZZAT I R Mg Y« iXs ” , Sk 1 AR 2 Ui 52 3 (1) Q. SR,
SRR ) JE BE S /N T R 22 A, S 5 WA BAE 1R SS, SECNE VOC A 18] [ K i 2%

][l
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JERERFPEZE R AR, X R =M R VA (S A & LS B VR ) B R 26 22 5 AN PR
o A, BTSSR, R N Z AR R E R R . W5 - WTUE BAE
R EG s 5B S ER .. Hl, B9t - YRR S ERREE B RME BRES, i ds, Ak
5, WEPRIAEETTVE[9] [10] [11]. 25,  JE sk o Fh A3 1 e IR o SR 184 55 A 24 DX 35 P 1900 — s A
YER A 2 IR T HUR .

TEASCH, FRATEE W =M LI IR R AN : 5 A EE (isopropanol, 1PA). £ 2.1 (ethyl
acetate, EA)F1Z. 2K (ethyl benzene, EB), R} 1 KMha& R MO fERE AR R o 8 3R Th 45 44 e s k1
MBI, Fdg SR TR AETT B FR,  Fano JLARAL 1 R 5 B 2 ThT L IR0 B T 19 9 i i b 2 1 v I 11 )
B Ak it B I BR ], TG S0 S B2 BRI AR BAE R4 a 1R 1) REE . AL )ik 3% 45
SAF, BAPRLEATIA RGN, A M LA B SE BN e SR R R R . R OEE. RS E
ARSI o 43 AT =R AN [ B B KRR 2B S AR Ak, 45 &8l o TPl & 5 SRR IR & WL (Support
Vector Machine, SVM)732R501E 96.7%[1) 70 FH . 3T 5o 0 A () = Bl A 155 8 (Gaussian: Mixture
Model based on Principal Component Analysis, PCA-GMM)&.i2: %} = Fi) i 14 31| 95% 1) B A5 B, 1 H. 7l f 4%
e 2 F W 25 SULE DX IR o AR A0 7 DR R 24 A6 I 234 R ZE 5 e W 2 FH 4k, A i %
TFE R A WA FP S AHE R & B, 5 T X HEBSbR AR AR 1 L) S B @47 R & ST ATE 7, b AL
YIHEBON L3RR A — e H ).

2. SEMESHE
2.1, WEEBFER B

S8 B FH A 2R S BB 5 E111977) (TR 5 1292350) 4R Z.FE (175 E116138). 2K (0E
5 E117365)W & TRhr T AW, %825 0 F U 23 R A . AR SRIRFE A % 77 W R . MRS el 2
SERERT IAE IR IR B SIS TR i 3, TR (IR BG2-30) L 100°CHER /N, Tt 35, JEHERR 4%
TR SIS B R s KT S ) IR BN T3 A A s VR R, /N T 60 H IR g ORI
M MIFERR A N =K, BAH 60 A, 4150 6 /ML, FANAS 10 4, 3L 180 Mrbrkedh. A
SRR A 10 g R, BN TR R E AN 1. 20 34 4. 5. 6 ul IR AEE.
LIROTE 2K, HMN AR ORISR, SR, THCE 24 Nk iRSEAHCAEEERE, AL
BESEEU, INROKIBIRY 6 /NEE, K LB () =P A ISR Ol . )RS, i SO, 1E
30,000 r/min BJES O EE T B0 10 min SEHLEE Y B . FRE S ICE RIEHORE A IRE S, IKRIBA AR
MRV OIS 1, Bk k.

22. KWRBSKRME

WE )R, SO B A H 4 5% 44 75 (ADVANTEST) I 24 7 i TAS7500SU % 4i(Tera-
hertz Spectroscopic System 7500SU). 1%%&E & — & 50 KM 22 kb M & 5 90 2%, KA
Cherenkov K#f 2208, HROGIETEE Ny 0.5~7 THz. ‘&AL AT DL & [ AR AR FEAS, i HL AT DA SE #e
BEHGEPEE S . RO BRA RS =M SR, S0 EBKES TR R, hATEHEZ
4 50 dB.

SIS BT AR SRS G E RIS, SR IS AR SRR A B R0 G G LI 0 S 48 R sy
Wi o 12l AR 5 46 E A H i 4 1.88 ISR VU 20 e, 15 B iy 50 pm P o 2 25 ) J3CEL R R TH Sy AAS I A
WA, 0 1(0)HE 1),

FERFERT (A 8 ms, 23 H%N 7.9 GHz LT, XF 1024 A RAE sl RTH-FIE R 250 . Sego

DOI: 10.12677/japc.2023.121001 3 Ly PR R=Svi


https://doi.org/10.12677/japc.2023.121001

SR 2%

TR REAF A TRE AT, QBB ol RIS A R IR S5 G, R TKEE RS, TS
FITCARAT T, G L Rk SR m s mOR . SR E SR R T, ke KIS, IR
R R AR IE R, AR G S 2l e, nfRoR A1)

E, (@)= [E, (t)exp(—iot)dt

=M, (a))|exp(—igo(a)))| @

Figure 1. Main apparatus in the experiment. (a) TAS7500SU; (b) (c) Cavity structure
1. FETWRERE. (a) TAST500SU; (b) (¢) &R

SR TS P R AN AR, WA I S o R AR, WTRRAAR()
E, (0) = [E, (t)exp(-iot)dt = M (o)[exp(-ig()) @)

XH, E RZHEESHEY, M, 2SHESRERE, E (o) REAESHT, M ESHESIRE,
tIRITE], @ AL, w AR

BT RN SRR LARAEI 25 BB AT W S (R YSc e, B T 5 Py A5 KRR 2% 063 I T B
PSR S AR ST 2 A IR A, R Iy AR D AR s RO P A D A, FHAS,, SRR
FIRAAM, FAM,, .

3. SLWLERSH

FIH Matlab2016 4 5 F5 7 %F 180 L A4 1A 9 /A7 a5 U (B0 R i P HEAT HE AR, FHoR HE AR, 4R
L, 2R =Ty (R — 2 o ) U A R AR e B AT D AT, SRR AM, FTAM, , 435
T35 JE AR B AR X — PR R R A UE, 980> 526 ok R T R AT 19 158 22 6 S 06 45 SR R R
eJa, ZHPR ISR RS & AT, AT, FISREE AL AM, FI AM, 5 HCA) 5 1) B 3 R G B L4 7
KA, bRz, S, FIH Classification Learner 15t 22 Ffi F /0 2 EVEHERT 2, JRIE HE [E
Pz ROC #l AUC {8, VEAh A Sk G AT 3E— 2B A Ab, SEIUPD IR (e Mo i, JRE5 & R T L& 45 1,
SRR 1) R

3.1 B#RShR

SKH CST STUDIODU SUITE (2017 fiR) H#4 )7 BLER A e vt 17— F i Tk hr v 2= 46 JB W) Fano Wi )3
IR W, HPoodiinEEwmE 2 frox. BRI EHK: 1) BBV EAR, HHEEch
3.5+0.0027i, JEE h=25pum; 2)FRMEAFIT DWERR, A, B5% N 356 x10'S/m, FEE Nt
=200 nm. EAKFIGEMSEE B ILEIK PJ2 = 70 um, 5% P2 = 70 um, [HMAMAFAE R = 30 pm,  IE
FAE r=24pm, FEREE G=3um, FHFOCHERCER, BIAXNKSE d=13 pm.
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Figure 2. Schematic of Fano super-surface structure. (a) Stereogram; (b) Plan; (c) Optical microscopy 500x
2. BREGREZM. () ~EE; (b) FEE; (c) XZERRIE 500xHAE

32. PTWESIER

e BME 18 AN il (1~6 pL/10g L4 K TEA NI (IPAL EAL EB), 04T I AE & EA NN
Fano R O5 7 A4 B (1 b R ATRS AT FOWR S 5 B2 AR fh(AM), &5 S an 5] 3(a)~(c) B« B VOC & & (13
I, SE AR, TRIEH R, SR AR R EARAL. IPA ISR ExpGro2 Fit 77 XUl
&, WA MK 3(d)Frx: 1E 0.885 THz, R? = 0.963, Af fii-J- 0.05~0.10 THz; £ 1.778 THz, R*=0.963,
Af £i7F 0.07~0.18 THz. EA {15518 K ] Asymptoticl Fit J7 R IUE, L& H a1 3(e) s : 7F 0.885 THz,
R?=0.927, Aff7F 0.04~0.10 THz, 7F 1.778 THz, R*=0.974, Affi ¥ 0.06~0.16 THz. EB f5i#s %
Polynomial Fit 77 k&, WAL INE 3(F)F: #£ 0.885 THz, R?=0.920, AffiT 0.08~0.10 THz; £
1.778 THz, R®=0.865, Af {7 T 0.13~0.18 THz. IPA [IIEEAE 1k K] ExpGro2 Fit 75 s\l &, & il
3(g) 7 7F 0.885THz, R? = 0.982, AM £i7 - 0.10~0.18 (a.u.); 7£ 1.778 THz, R? = 0.983, AM fi7-T- 0.08~0.16
(a.u.)-EA [FIlE {42516 R HI Asymptoticl Fit 77 X484, #0A T 0L [l 3(h) Bizn : 7F 0.885 THz i, R* = 0.950,
AM 7T 0.12~0.18 (a.u.); 7E 1.778 THz Itf, R = 0.944, AM £ - 0.08~0.14 THz. EA HIMEAE 284k % FH Linear
Fit J7 A, AR oL an & 3(h) s 7€ 0.885 THz i, R* = 0.973, AM £i7 T 0.06~0.14 (a.u.); 7£ 1.778 THz
i, R?=0.869, AM {7 0.04~0.10 (a.u.).

x4 IPA, EA, EB [MAf LA IHZAAM A -4 R, 4RI R mEr> VOC I, gk B 1)
VOC (S in s & i He Bk, B8 50 sl 45 IE s, 5805 2 5K o (H2AF FIAM 13L& R,
i IPA. EA. EB L& AN, FrblE & il idAf FIAM #1& < R 2 IPA. EA M EB ¥FER “J5
RIGEL” , i “JERIGE” HATAFE G E A

3.3. EkhFik

SLNE RE S A 7 AL P B EAT PG , ACTTIEHIRVERE RS, HET, ROC M AUC, TRIEFHERE A
T3 S TSI F) I 25 RAR i SO F B, DRI FRAEL AR 2 ST I B TR . 2 0 ARSI IR IE

FERE AT A Q)R
Nl,l Nl,2 Nl,n
Confusion Matrix =| " 2* N:Z'Z N:z'” ®)
Noi Np, o N,

BMBBCE n KB, wWornl a,a,, -8, N, ZoREbRS TR ROREAE, TN (i # j) &R
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DR SEBRJE T @ (A8 a; FOFEA R .
(a) . (d) (2

018 T T T T T T 022 T T T T T T
Lop 0.16 E 20 0.855THzR=0.982 1
o014 1778THzR=09%63 018} 1
2% éo.lz ] Fosp 1
g <014 :
< 4 T 014} 1.78THzR>=0.983 1
< 06 2010 ) ] K]
= £ 0.885THZR=0.963 g 012f 4
= 008 - :
9 & Zoxof ]
Bt = 0.06 4 2
- = Zoos| ]
02 . 1 006 | ]
002 —— ExpGro2 Fit of IPA Afrequencyl —ExpGro2Fit of [IPA Aamplitudel
et ——ExpG2Fit of IPA Afrequency? b 0.04 | ——ExpGro2 Fit of IPA Aamplitude2 +
0.0 0.00 0.02
0 0 1 2 3 4 5 6 o 0 1 2 3 4 S 6 7
Amount(pl) Amount(pl)
b h
(®) (b) 020
) 018 | E
-~ 17BTHzR*=0.974 Z 016} 0885THZR*=0.950 4
= e d
G &
k1 ] Zou ]
= . 178THZzR=0.944
Z 0.885THzR=0.927 £
= T 2012 E
2
g | Z
= 5010 -
——Asymptoticl Fit of E A Afrequencyl L . 3 . J
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1 2 3 4 = 6 7 0 1 2 3 4 5 6 7
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© ® 46
E 014 E
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- 012 -
= = 0885THZR*=0.973
8 1 Eoo} |
s =
2 0.
£ ) E 008 | rrr0ss )
= 2
5 0. 2 1 g 006 1
E 0.885T Hz:R?=0.920 -

) - 004} .
——Polynomial Fit of EB Afrequencyl | 002} —Linear Fit of EB Aamplitudel |
~——Polynomial Fit of EB Afrequency2 : —Linear Fit of EB Aamplitude2

) , . ) ) . 0.00 . . . A . i
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Figure 3. Univariate fit results. (a)~(c) The THz Spectra, (d)~(f) frequency shift response and (g)~(i) amplitude shift response cor-
responding to 6 VOC concentration used for the detection of IPA, EA, EB, respectively

3. BTWEMESHER: (a)~C)DRBATHM IPA. EA. EB B 6 4 VOC iREXT A THz S, (d)~(f) $HF&ME B F0(g)~()
RIS A3 7% Nle) B2

TRVEFERE T, SZBRBUE 2> N positive A1 negative, TN 45 554 4 positive A1 negative, 7531 PU/ >Rt
fe45:True Positive (TP). False Negative (FN). False Positive (FP). True Negative (TN). TP 7/~ IERfEE I
PR SR FP SRR ER DU IE AR IR S G PN ORI A MDA A DR AR Bl TN R B iRk A 1

i (I A
AR BET 7 2RI A R S LU, W DU A X Q) Hiik -

oo TP+TN
TP+FP+TN+FN

(4)
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K6 (True Positive Rate) 7~ il IR B TP 5 IESZEIK b Fl, 7T LA A R (G)HR
TP

= 5
TPR TP+FN ®)
1462 (False Positive Rate) &/~ R B FP 5 szl bbil, ar LU 2 20 (6) 3R -
FPR=—1" ©6)
TP +FP

Receiver operating characteristic curve (ROC)/& 4 iiF A5 R i & EZEF B, ROC £k 1t siftsk
XA A A N 150 SRR, BEARFR IR FPR, ZhAA4R37R TPR, T the area under the curve (AUC) 2 #i ROC
k5 x FhATHE AR, 750 R REVE A b 2 = S1EH, AUC [MMEALT 0~1 ZI0f), H AUC iz
T 1, RBIOVERGELF. B, EFIEE S IR 1 RS R, SEARIE 2 BOSR A R
JE{E, L EB. IPA. EA WEBHMNERIENFIHEALE, YRS EENFZE, HE—1 180 x 6
(IR X

Table 1. ACC comparison of kinds of classification

® 1 B LEBFHEER

7rRA JBF R
Tree Complex 11 86.7%
Medium 1.2 86.7%
Simple 1.3 80.6%
Discriminant Linear 14 60.0%
Quadratic 15 65.0%
SVM Linear 1.6 60.0%
Quadratic 1.7 88.9%
Cubic 1.8 91.7%
Fine Gaussian 1.9 91.7%
Medium Gaussian 1.10 84.4%
Coarse Gaussian 111 60.6%
KNN Fine 112 91.7%
Medium 1.13 77.2%
Coarse 1.14 58.9%
Cosine 1.15 72.2%
Cubic 1.16 72.8%
Weighted 1.17 89.4%
Ensemble Boosted Trees 1.18 66.7%
Bagged Trees 1.19 90.0%
Subspace Discriminant 1.20 62.2%
Subspace KNN 121 70.0%
RUS Boosted Trees 1.22 66.1%
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Ir TR L 7 AR W 2 A B 2 2, AR SR Matlab2016 H1 ) Classification Learner App
X} 180 HAHE AT B 2 S T, WD OB I SRR AT O . B S S i R v 4y 180 ZH A
F 8 511 L) o FC B R EE RN IRAESE, RIA4E N 150 4H, 3GUFESE 30 41, RA FL¥ras EGHIE, HARM
e I s B 2 2] 7 15 A W 5K W (Decision Tree, DC). #7143 #T (Discriminant Analysis, DA). SZ¥F A &4l
(Support Vector Machines, SVM). K 54l ir 572:(K-Nearest Neighbor, KNN). £ 5 (Ensemble) 71 k2K,
it 22 M. ¥ ACC BAITELR 1, TR 2 & = 1 40 2855029 Cubic SVM (Model 1.8). Fine
Gaussian SVM (Model 1.9)F1 Fine KNN (Model 1.12), & FIHEREHR A 91.7%, TRIIHER R F AR 532K
#3224 Linear Discriminant (Model 1.4)F1 Linear SVM (Model 1.6), #AK TR A 60%.

TR B FE R A2 VPl 2 R B0 25 B PTB I FR bR, e B0 P 2 PR 7S v 70 A R 2ok Y VR VR RE R AT
CEETVEAL, W 4 PR IREFHERER T, 1R, 2 AERNEE, 3R LR AN, 14 4(a)H Complex
Tree (Model 1.1) 55 —47 H tH IR B2 A1 0 101% 5 100, A2 F T~ PR SR 0 o3 0 B fk DU 5 NS R
— A ZYEIRVEFE B oo MR 2 A B AR — R B TR IR A, X B S AN KRB FE R R, R
K 4(c)H Cubic SVM (Model 1.8)5%F = F 4 Ji (1) T 1F 7 % & 7E 90% LA I, 1 ] 4(e) ' Fine KNN(Model
1.12) BARNS ORI TR IE i 2 ik 100%, (HE X S P I (0 0000 IE 1 2 U 83%. 5] 4(b)"F Quadratic
Discriminant (Model 1.5)7[ 1% EE 21k, Cubic SVM (Model 1.8)%5% i HL.Aa 5 1 1F B Z- AL /S AN Y o 2873 55 Sk

(a) (b) (©)
Model 11 Model 1.5 Model 1.8
3% 1 5% | 5% 10%
a »
9 (e 5 S2| 2% 5% 7%
2 | . e 2 )
= = Xa
18% 3 8% 8%
Pas Nogave 7 ° @ [T e
Predicted class R i Predicted class Mt ra

(d) (e) ®

Model 1.9 Model 1.19

3%

2%

7%

True class
True class
True class

15%

7 <o It True Faiso

Postive  Negative Posive  Negative

Predicted class R Rae Predicted class R Rae Predicted class R Rae

Figure 4. Confusion matrix of better classifiers

4. BIMDLBHRBEE

ANAEAL) AUC {E157E 0.90 PL_E, 4 5(b) Quadratic Discriminant (Model 1.5)fF Bz, VA
0.90, 4 5(d) Fine Gaussian SVM (Model 1.9)F1/4| 5(f) Bagged Trees Ensemble (Model 1.19) % Bl if, =ik
1.00, FEilrsess, HA=MEEREN 0.99, 7 Quadratic Discriminant (Model 1.5)%), AR ] AUC
A LT, Hy20 e .

SRE BRI AER L IRIEFERE A ROC HIZL, W AW] R ELAL Y Cubic SVM (Model 1.8)7E 2% 77 i f) 3%
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PUEBIRAR 57, HERAR 91.7%, Xt IPA. EA Fil EB [F TN IEAH2 7514 90%. 93%F1 92%, FELkME SVM #
AU 2 AT ST AR R B R B 5L, InCAsGE, DAIS B SEAR R R B

(a) (b) (c)
Model 1.1 Model 1.5 Model 1.8
1 » 1 1
(0.03,0.97) ‘
(0.01,0.90)
@08 ® 0.8 208
®© © (0.03,0.80) ©
Los Los 206
F AUC =0.99 D AUC =0.90 £3 AUC =0.99
S04 204 S04
()] o) [}
2 2 2
F o2 = ROC curve =02 = ROC curve =02 = ROC curve
Area under curve (AUC) Area under curve (AUC) Area under curve (AUC)
0 ® Current classifier 0 @ Current classifier 0 @® Current classifier
0 02 04 06 0.8 1 0 02 04 06 08 1 0 02 04 06 0.8 1
False positive rate False positive rate False positive rate
(d) (e) ®
Model 1.9 Model 1.12 Model 1.19
1 1
r (0.01,0.97) 1 T (0.03,1.00) ?'(0.01,0.98)
© 08 © 0.8 @08
© T c
206 206 Lose
'g AUC = 1.00 e AUC = 0.99 E7) AUC =1.00
8 o
3 0.4 2 0.4 Q0.4
El 3 s
Fo.2 =—=ROC curve =02 e ROC curve Fo0.2 =——ROC curve
Area under curve (AUC) Area under curve (AUC) Area under curve (AUC)
0 @ Current classifier 0 @ Current classifier 0 ® Current classifier
0 02 04 06 0.8 1 0 02 04 06 08 1 0 0.2 04 06 038 1

False positive rate

False positive rate

False positive rate

Figure 5. ROC and AUC of better classifiers
5. Bi 5y %=1 ROC 1 AUC &

SVM ZAEG TV AE A SR 7 BRI SR e~ I [12] BB R AR A X = (X, X, X))
SHAER(EB, IPA EAYRY, =(Y,.Y,.Y;), ATAHAR(6)FmR:
f(X):sign{n ainK(X,Xi)+c} @

c AP AR R, n NSRS RERIIERE, o RIESEL Y K(X, X)) AR, ZessoT
B B AR RS 70 oSk sR AR SEBI R AR, 19 B0 FELRPESCRF ML, A SVM AT N FH = 4EAFAE 25 (]
BRI 2 iR,

1% R B B )32 1 A 2 TR A s A%, 3Erh i o SR 2 SR A, 7 R e i 9 A i B3
L RER SVM I E RNZ 732K C-SVC R, #ZeRHCKH RBF, 7£ fuffi &8 sk, Wil 6 frs, AUC
HIAF] 0.99, T4 FALHIL—5] IPA TN EA FIfEAL, T IEAf 2L F] 96.7%.

PCA JE¥3R it b iy FH (0 BRI B 4 1 5V [13], B AR 42 5 i 45 VR AR &, Wl &R
GRS B (1) 2 B) ) DRI BB PH 1, TRD R m e ek 188455 X 1) 10 7 5 o 8 22 T g AR ABA T o

W 7 frs, ik PCA B, ¥ 5 AN RG2S B AL N AN 32 BE52 AR & PC1 FI PC2, PCL (5 Ltk 54.5%,
PC2 (7Ll 28.0%, W NFIA 82.2%, wHRANE R, B3 P P XIS ARA FFSEAE 95%H)
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SRS 2R B 5 K T e R R e R B e

Table 2. The common Kernel function
2. BERZEE

ke Sl BRB AKX
Linear Kernel K(X,X;)=(XTX;)
. T d
Polynomial Kernel K(X,Xi)z((X Xi)+1)
. 2
Radial based Kernel (RBF) K(X,X;)= exp(—;/||x -x| )
Sigmoid Kernel K(X,X;)=tanh(x"x)+b
SVM Classifation ROC SVM Classifation Confusion Matrix
(), : (b)* O Acuaity | (C)
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Figure 6. SVM predict results: (a) ROC; (b) Actual and predict difference; (c) Confusion matrix
6. SVM FI4ER : (a) ROC; (b) EFRSTUMLZRE; () RIBHEM
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Figure 7. PCA score plot
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Figure 8. PCA-GMM (a) Contour map; (b) Confidence Interval
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