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Research progress on the application of spectral nondestructive testing
technology in food origin traceability
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ABSTRACT: Food safety is of paramount importance, and establishing a food origin traceability system is a core
component of this effort. This system serves not only as a cornerstone for combating food fraud and regulating
market order but also as a vital means to safeguard consumers’ right to information and trust, as well as to protect
national tax revenue. Compared to traditional methods, spectral nondestructive testing technology is increasingly

being applied in food origin traceability due to its advantages such as rapid detection, high sensitivity, ease of
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operation and nondestructive analysis of samples. This paper described the following 5 kinds of modern emerging

spectroscopic detection techniques: Laser-induced breakdown spectroscopy (LIBS), hyperspectral imaging (HSI),

X-ray fluorescence spectroscopy (XRF), Raman spectroscopy (RS) and Terahertz (THz) spectroscopy. It reviewed

the fundamental principles of these 5 kinds of spectroscopic detection techniques and the latest research progress in

the field of food origin traceability both domestically and internationally in recent years. The study also highlighted

noteworthy aspects and areas for improvement in current research, aiming to provide theoretical foundations and

technical references for the application of spectroscopic nondestructive testing technology in food origin

identification.

KEY WORDS: origin traceability; spectral nondestructive testing technology; laser-induced breakdown

spectroscopy; Terahertz
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bt R, AT ACER 8RR, A5
B4 RV 251 FR “IZAR B Wi AR Rz A3 FREI MR Py,
R Ak REARRILRaH . ZbokER. HE
WK, AT Rk, A8 HA . BERET R
[3Ea] S RN FaR L e B ST S B AT U o) NN = e TN
PERENERL . TR BRI . VEIREEA- P, dLEE R ROK
B EHER . KAWAS ., BRILEATS &, Hh
AR F5 (77 S B 2B Ry s PR R i i AR R
TR B R I D, O RO AR BRI X Y B
SRR B ASCR R YL E Y, B LA™ 9 7= b B S
HEE, HRIEFE, T LR E bR &= e kA,
QPR IR MR | AN RAboRERR . TRk Habhi
Bz G S R ARG R T AR
PUE TIEH R A EAESE, 1 EIEXE 2838 iR B R
b W0 S [E A ES RS = i B o W by N B I ) W T <)
HWEE XA MR, 1H TP R 5
FESERE, ok A AR A R 287 5, HBI R A —
o BICH TR B4 . R 5 A G
FNAES R BISCRRT, X5 5h B M BEF T IR A b B

H AT C R IE & S RS R AR 2, A% G i iR
HARBTYOCRIGEEHART M BRI p Z A 1R
LIEE 253 AN 0) PN S 7 N e (EP 3 5 ey e e
FEFF AT B 2 BB RS AR ShTAb 3, AR B2
AP 2R R X B8 5% 0 S B 18 45 124 AR e T L b U
A, TEHHKIE A (non destructive testing, NDT), HFHA
PURFESL . DR . ATEREVEDR . ER T SRR, 7E
£ h 7 I VR AR L TR ) LB S IR A
AALHE: I LLHMEE (near infrared pectroscopy, NIRS) . 0t
% 5 i & Ot 1% (laser-induced breakdown spectroscopy,
LIBS). #)%i% 1% (hyperspectral imaging, HSI), X H}£k5¢
Y& )i (X-ray fluorescence spectroscopy, XRF). $i = ik

(Raman spectroscopy, RS)HIK#%%(Terahertz, THz), HF
NIRS & A, [ N AMIFIE LB A S e R X 4
4 LIBS. HSI. XRF. RS fll THz, 58 T ik 5 Rtk
WU A B TR LA B A £ 7™ 1 58 v 1 g PR AR 5 Jie, Oy
TS TCABUAS I L AT E £ 7™ iy 56 531 o Ay 1o FH B it B AR
SHEARSE

1 SEERMRARE T

1.1 HAFSHFRIERAR

1962 4, EERHFGYE - 8 BB E WA i
[T ar e o N R i s B 3 S EARE S a1 8578 Gl -5 7 Y o3
BFRPIEEE, SRIE LIBS #ARTFIAE Wi A FIrss
T AR T 2 A AURO) ) LIBS R AR A
TR T MRS GRS B FMIET, 76584
PrHOET S e A, AR BOE F RURE F KT 2K,
PR AE G LR T 3 2o S SRS DU 1 A D R
DA 5 B AT LAAT BT RE i P A TG 3R 2 R JT MR
1.2 SXiEm&REAR

20 et 80 AEAUHT HST B ARFF 245, MK EIE
FaEG . 2 RIRE RIS EasEg,
YERE IR & R 8] 4, G L R B HSIPY, il
i AR AR B bRas T G, 8 g R X B AR
HATCTE RS, WA [R5 38 1 A 14 2 [) L] 4 14
JERERRE Z 4Rl A, RS GG A PR R AL | S B
UG EEEP . Hl HST BAR O AEFR B Y . Ho e
Ll AR . B BT S SE E T IZ N .
1.3 X SR HIBRA

1895 4F, fEERFFEF M - R - LRI T X
ek, RISk XRF ORI EEE 1AL . ELH 1948 4§,
5 R SR o R P 2 A v 00 R FH 4306 b A R 55 G
R AR AE X 2980015 X (wavelength
dispersive X-ray fluorescence, WDXRF), #rii#5 XRF AR
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BWTEASZERR B, 24 X SHR B, BTN )2
B ol MRS O, R FARCE MR, RS,
B RB I FLF R BEORR A5 T I IR RB R, [T A i o
P2 BB AUARAE X BFERCO MR sE e ARICER
AR X BHRAFIETELR, X BHRBURAE iR S0 R
B P B TE ARG S RIS BRE it i 5 o
TIE X SR AP K AN i e 3 B, B AT XRS5 BT 2 4 E
1T E T
14 RBHRIERAK

1928 4, EP BR3Pl ok S0 R BT L
SIS, b RS BRI &SRB T Sk # 20 k22 70
AR, AL 4 R T BT AS [ 1 40 B8 7 ) 1 e 5
[ Z2 TR SR P HOR 1 B, RS AR IE Rk A SR
FARIBE: o ARPEBUHEIR S ASHEIRISE R, LR
S A E TR AL I AU fE RS
HrFE vE ST IR S T H A R 2T M AR S O e 2k . Her
SO T o FIHR -5 shRe g, S5 AR KT,
H T o TR B AL 2R B A M 45 5, HORIE b B R AiE i
AL, 5 2 T X I A A A 2 S B R A 1 4 TR )
5 AR, (AR AR AR AT AURR Y RS RRAE o 38 3 X
RS B A WealE S i, mT X0 I A 43 R ok B S i v
SERAHT
1.5 XifzEEAR

#1896 -1 1897 4F, fHEYIIFFIGHR LA - A
A 2 [E Y HR2E R D TR - Aw el - SRR B K AR
20~1000 pwm A9 BEOW NEATIZE 2 0.3~15 THz)ilF 1 1561 A4
RAVRHZE 1974 4647, SEPHEFRIBETUR C S04
1E 2HE 3 i B “Terahertz”3X A 1E, 48 <“THz” T4
PRI I R SR — B 0.1~10 THz B93>,
BH) 20 {4 80 4EACH S, X%k B pG i AR BETEA
IER A4 o8 THz £6R  THz 2 H8 9% 4 0.1~10.0 THz, i
KN 0.03~3.00 mm, {7 F e AL A 2 1] i v i g B4
THz $5 AR 0] LS B X7 o8 235 b R I A ofe T 5 5 2
AT S BT & 118 5 504

2 TR R SR 05 5

2.1 RERAREEUFITEFEL - HHIRIEE
TEE i)™ IR 9 SE B B R, e T HOR B
PHEN A E b D i P R PR A AEAR 22 (R, AR 40
JEHE ORAEEITA . (5 SRR ME . Bl B AR E |
Bt i KA e lie bR B AR, T B R A Sk
X IR T P R AT AL B, PR R B i ST v
B k. RRE B IR Y . S AT A B RN
T SRAEFEAL RIS RS, SIBR S Bl 5 T B 4R 5
KB gk 73 I R A A Xl ZRde Ay ik B

PR BT, S5 )5 AR PP BT P B . TR
BT g T B Ak PR VLG - 1 (savitzky-golay, SG) .
IEFUH— . ZJ0HU A IE (multiplicative scatter correction,
MSC) . & K & /N — 1k 77 7% (min-max normalization,
Min-Max) . Fx #E IF 75 75 5 45 # (standard normal variate
transformation, SNV). $4{EH.0BEF; & AR B
VA F AL 438 (principal component analysis, PCA) ., 3243
[ &l (support vector machine, SVM). Bfi#/l R (random
forest, RF). & Z: W 4% (convolutional neural network,
CNN) . i i /> — 7 ¥ H) 51 43 Hr (partial least squares
discrimination analysis, PLS-DA). K f4BirE . AT
HERRAE . A MR T b, et R R R
PR BRI N RS . NI < B
AR IE L Z A 5 4T (linear discriminant analysis,
LDA). PLS-DA NURMIELZMEA, BAH10] SVM, RF
K CNN %5 ELAG AR S Pk S B8 0 e 254k A AL 2 S A
AU, ERLTRNG T T, PR AR IE AR Rl B R S T R,
MNTRIZEHA (N 25618 8l 5 BT AR (A6 5 RO TEARZ |
2R ENEERE . thAh, BIE fy B A  <n]
fERE T I R R, W E TGRSR 2 HER 2., B e
R AT AR o 3 3 72 07 BB TR A DG BEARRE AR 25 ) (An e
WP C R B, AT LA W P A B LA R G 2
A . BRI, AR 7™ M il IR AN PR R —F5 F5,
MZRG 2B, RIS Res k38 R s B & iy ™
H RS, DATTRS A SIS v . PR A IR AR R
22 HKFSETHBEAER =M HRH
M A

LIBS HARBR T 1EH 2544 =i I v A &) 12 PR,
AR LA £ 7 L B0 5 TR A T A . R D S )
RAET AT 5 A7 (K2, A FW | wTER . #JE . BEILT
KRS, R4 LIBS Bfli)m, KM SG FId— b fiiab 3, ik
$C. Mg, P, Cu, Ca, Fe, Na, H, N, K., 0% 11 4}
JLE, K PCA KI5 EAL(PCA quadratic support
vector machine, PCA-Quadratic SVM)ZE RS, XK Fe =
MU IE A ik 97.3%. BERIAR SFCOLRAR VLI BN 4 4
X EL R . PUIEE 6 AT 10 A= Hu i 4l f /RIS, R
£ LIBS SGI )5, Sext 7 AN e B 6 15 507
TH+MSC FiikbH, £ C. Mg, Ca, Na, H, N, K %
£, il PCA-ZJZ B N# 1 22 W 4% (multi-layer perceptron,
MULP)HE ST A 7= i 58 B R , SEBG A5 AR, AR A
B 7 M I 254 BER R R 97.8%, THINAR G
%R 95.3%; FRLATLPE#EIN 4 X BB it dcds b1 T
BUE, YNGR BUHEM N 100%, T AL B i %
96.2% 5515 45 PTUR il LIBS 254 WL > S i L 4 1
DR VLIRS KR | 2 B R KRR AT A AT
RAE LIBS JGIEEM)E, /1 Min-Max FiAbHE, PA4xidEdE
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250 2% (deep neural networks, DNN)ZE 37 J Jif 7 s 5 1] 5E
T, Sk K B i 47 L TE A 3K 85.56% . ZHAO 2138
T LIBS X2 ARERT . 1LvE A5 bk i B AL e 2 P 2
PIEOR B LT 506 LA B IR B AT e s R o, SR
EOLREBIR)G, Y% Mg, Ca, Na, K. C. H, O, N%t
#, UL PCA-SVM T W27 b 8 IR AY, XoP L FlE
BN = MU BRI R 82.6% . 99.7%. At 51
BEPEARIL = KW | M . 8. ELRAHN 54
FEHL NS AT LIBS JEiEBdEREE, RABEBUNEAR
#i(discrete wavelet transform, DWT) T4t B, 1#£# Mg, Ca,
Na, Fe, K , O, NZJ0#E, Dl RF-JAEHEM LM% (back

propagation neural networks, BPNN)ZE /. A\ 2 7= b 4 Hi R R

Xt NS 7 #3018 1) IE 5% 5 15 100%. MONCAYO 251400
Xt PG HE2F J5 7 Hu A% 3 (protected designation of origin, PDO)
INIER BT AT AT - s R AT, T2k A 11 4> PDO
X Y 38 AP | 3 FhAMELLAGAG T A 4 Fh WG4 T
LIBS Y& s R4, #%#: Mg, Ca. K, Na, Ha, C %t
K, UM Z M4 (neural network, NN )7 3 45 7 5 H| 57,
A LA 53 2 3 2909 107 M

PLEWFFERH], LIBS BORTE R I U5 b JE B i R4
FIR TR, BDETIGE . 208 . MR KT R
B, BT RO BUR S A <TC R H8 80 NTT X 4380 5l 77 b o
{RR R ARBAEAE—E WA R AR Tkl — M 75 22 48
PitT . B, o0, RS R, AN BE L IE AR TC P
iU BTIR oR1L N L N = SN N ) [ QUL 8 AT RSIA SR AL N
NE¥EY, SHESFEARE, FEEEMEKZE, WA
VAR PR B LR AKX 55 3 TR BRI ISR, &1l
B R A, B
23 SRIERGEARER G R AR A

HSI HoARFE TG R ADGEH AR, AT L
E A R S TCHRE B AR 2 [EE B RDEREE A,
WIZ AR LUR] B A U B AR B A L BT, XTRE AL AT
MG BENZEARC 23558 N TR . KR &&FK
PR T o KIML 25U i [ R ] 4 KRG A 7 e R 50
9%, T BIRAENR B E RIS 8 A X [ BB
TR L TAVLT 4 A OKRERES, FRE HST BUR SR
J&, RHSG—Brfl — B Efiab B, DL PLS-DA #37 KA
F LA I, XA S 0 A S LA R R 98.89% 42
PRI R . AR FIREPE 3 M 241 . £ &R
G H AR RFNVAILAL RS SR N IE 19 B, RAE DG
Bd)a, R PCA+MSC TAbEE, ARG 3E X E 1 M%%
(integration of crossattention networks, ICAN)ZE v7./NAZ 77 Hly
YERIRSTRL, X /NE T S B IE R R Rk 99.8%., HTRG)
BEHO™ A BT Wi . EP. WIVLHIVIVEEE 5 AN
A, FIRLELLAMEDGE RGE, LA MSC Ttk 3R, iz 1]
LA R 1k (successive projections algorithm, SPA)FEHUEF

TR B, )RR 2 48 2R 5 15 8 6 B8 42 T AL (sparrow
search algorithm light gradient boosting machine,
SSA-LightGBM) & 37 6 A= 7= i UG AR Y, X 48 25 7 i ) 2
BIHER R RA 99.37%. CHEN 2L HSI HARXF 6 Fl
HEAREHROKS S IR BESRE . WA, 5
LAFT VA0 AT 77 M IR o XF R4 2 i G B k4 7
MSC+SG HiAbHH, L2 CNN B AlexNet B R 37 7 1l
Y ALY, %k T B A 4 ) Y HE R 2808 95.66% 6
YANG ZEWDh e KOs b A 77 s IR i 5%, RAESEE L o
. PO, W PUAREFIEET 6 T EZKnY st i iy
s B R B, AT S B — Y)Y (segment  anything
model, SAM)REUKFFFEAR, R —r S804 (first-order
derivative transformation, FODT)iAbHl, DA SVM #7455
FEMIASE FAIHERI 3R 35 96.6%. X ZAEUISET HSTHAR
XAV A A | 7 T RS R SR B RG HEA T 7
W, REFDGIEEGEDE, R MSCHIE(F B8 5 THFR
% (uninformative variables elimination, UVE)#iAb #, DX
SVM-DA F 37 B A MU ST, X 7 i I 2B A0l 4.
HERRIT N 98.3% . 96.0%. ZHAO ZH7IETF HSI X &
A AT SR, WA R 22 L IR ERBHAE L TR
K VLR ES DRI T 48 6 A7 A a G FE s, SRR
HSI $dfi, SR RE-LDA HEN AR, X5 G 7 % 50 i) 1E
BIRIK 100%. 47 S5 Sl PR R 265 b ot BERE B,
Xof b AR A B e BRI A AT AT ), SRAE HSI
Hed, KA SG WiAbH, LA PLS-DA 7 #7457 o 4 A 7Y,
X 22 7 M ) S A SRR 95% . F AR HST AR
X BRI TG Rt 3 A4S MR 4 SR T S, R
FAT AR — bk WAL B, DLSE Pk OE B IS ORIk
(competitive adaptive reweighted sampling, CARS)-PLS-DA
T S R ARSI, XoF N7 4 AR I A TN 0 1E A 2 4 )
N 90.48%. 84.21%. FBFE LS HSI X4 A= Ak
377 S ), VEFR RO s 2F 1A, B SE AP B A 2 TR R
PURAEAR Y, SREERDGIEEE, LA MSC Hikb 8, FIH] SPA
EFERIE B K, Bh K 4B 58 1% (K-nearest neighbor
algorithm, KNN)&EEN7 4 R 7™ 48 AR AR, HAR S IE 60K
15 99.14%. SIEFAC IR AR . ILE . B AR
4 AT Z SO T SRS o REERE M S GG B
BAdEI, R SG 4 N —AE WAL B, DL CNN-RBU] 4%
& ¥ BT 1 22 W 4% (bidirectional gated recurrent unit,
BiGRU) @ v = SC A 7™ 1 W PR 7Y, % 17 19 )11 2 B vt
H 99.6%, MIKAEERHH 99.5%.

PLEWFFE R, HST FORTE R b i s b i FCR
RGO ™ M 5 A TE A U 5850 T 95%, 7T LA
TR, YR S S G I i L ARSI i A
mi AN B, AR I RE A TO R 2 4 ik, AT DL IR AR
FNTCRRM, FEE G R EE A . (R A TE—
FERBREE: TR AL AT TR ARSI, A IS AR
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TUARERNR, [FME AR, TR Fs BRI PR A
24 X GHERAAIERAER MR PR A

AR, ENANFEERT XRE FARLEE - i 5 )y
R E A — s, THISED 0 1k B BB T4 )
TETTAMR 22 B SN S AR R 1 505 H IR M LA B U )13k M T
4T HL R KRR AR A, SRR AR X SRR R
HIBIE R, R SG+SNV Fikbs, LI SVM kg
TR, X6 N 56 UE AR TR I 2 100%, 38 LI
TR BARMER RN 98.2%, F5EEEPURERIIT . WL
R 3 A TFEH/NE ) XRF, ilid SG+H.OETRAC R, fif
Fl PCA 5 B Hs B 4 kb B, LA 2% 4 /K H0 51 43 Hr (Fisher
discriminant analysis, FDA)+ — ¥ i %] 4 # (quadratic
discriminate analysis, QDA 7 /NAZ 7= KEHIL R Xk v
IR AE RIS AR AN 97.06% . 94.12%. FHBE4ERY
454 XRF AR A EE ., FIRE , BPMSHE% 44
E R K GHABT " i IRRE, RE XRF 5, (TR
T & = (box plot method, BPM)WiAbH, LA PCA 254 AT #
25 ) 2% 2 (artificial neural network method, ANN)#: 7 K&
7 B R AR Y X g 1) Y11 2 R AR I A R 43 B
98.2%. 95.8%. CABIAL %51l i g it (Ll X Sk 2¢ sy
BB AR X HE AR AR MR AT HL 4 51, SR A Sk H R
PIATELIX 56 4 A-7=HfwidE = 5 XRF $dE, DL RF 22570
Ml S 2 AR X e e ) A HE A R S 100% .
PANEBIANCO PO f{## X XRF #4% PDO AIEHF
DSREAT P PRI 5T, RAE PDO DAIERY P4 75 B Hb XK
= Hu i 19 FIFORFEM I XRF, DL PCA BN ITF O™
AR AR, AT LU SR O SR 7 b

VI ARG, HAT XRF HAR BAS LRI A I
AL, BRAVEA A B Sh b AR B R S A, R A
05 LIBS 2, o2 i Jo R s A i A ™
U5, T H A R 4 b B VR TR A 2 . A
FZ T, AR SR i 400 A DO Y A A U A R
JE, XSRS A AR ARR I
2.5 RISNIERARER R HIRE AR B

RS AW BT A5 W, AR A
PR IR 5 T A B G . AR BT
AT R A = AR LA B SR (A 4R B 6
BRI AR GEXT 4, FIH RS HARREFRIAGIE, KA Sk
B B A+ PR ILLR AL B, LA SPA-BPNN #ty KK ™
MR BRI AU ZREE IR BIMERR %R 99.87%, A4
TRBIER % 8 99.23%,; FETF MBI & T R LR FOK = Hb %
B RS, X AR AR AR ROK B IR R IE R
91.29%. ZEHC*hE L RS AU HIFRBCEA Rl . B8 A
SRR Y 23 AN SR VLR S A RIS £ s, SR A SG+HSNV
oAb 3, UL ek i BE Pl Bk (modified random  frog,

MRF)-SVM  E 37 R G b Al S I AY, X6f IO F) 11 255 R
SRR R BN 99.56% .95.65%. STRADLING 41°%)
I EHELC RS Xhngh . Z8F. BHFUTE . FERA B AT
LEHE 5 AN VEEE E G AR R T MR oY, SRAEAR
BEIIRE AL RS TS, SR SG &5 &1 — AL AL 3, LI PCA Z54
fte /N3¢ [B1 1 (partial least squares-regression, PLS-R)#E
SERFARII T RO R SRR A IR R, BRI E RECH
0.9848, TMNAE 1R 0.9552, AF LAAT 25 Hh Xot A b ol B i
Frre i iAve o (38 S OLRAE SN | U AR 3 A7
FG AR AT IR AL e | AR AT I A o AN LA IR 38 f) 3 G
TP M S AR5, YR ERI M 215 KT SGHH LT
AbFR, LLIE 32 (e /N —- 3%k (orthogonal partial least square,
OPLS)-DA . —FhEsl . o] 5 B3 7 A 0 7= b S8 S
R, AALRERS MR X4 FIE 7= HL 48 0y, I8 BEXT R ZK T
WZE A AT XAy A RO T RS X R PE
ZE . BRI ZE 4 A E R0 D RRSERE S EL T B
EWFY, REMER S RS &5, A SGHbTE sk
(fluorescence background subtraction, FBS)+J:£E# 1E Fii &b
B, LI PCA-FDA 7 AR S5 ™ b 09 USRS TR, X AR 2 1) 7™
WIS A 80%. FiIFA RS | E LA A
FEL U1 3 AP b 2t A RS SE AT b SE B, SRAE RS dis
Ji, R SG+MSC TiAb#, PIKMEHIiC1Z(long short-term
memory, LSTM)EE 7 Ak = s iR AR TR, X 7= 3t 46 1) fi 2%
PRMERR 2515 99.1%. MANDRILE Z£30% 7% 19 2 KA 1L
TR R SR MLIX ) PDO TAVERI 45 (90 LU T | ZFRFEAEL DL
LY 9 AT A T A T S R S, AR R T AT AT b B
R RS B, SRAT DA 7 #4570 r=H S AR,
AT P 1R B HERf 2R 90%. FOWLER %5454 RS
X R AR 2 R EA T S RIESY, A BBk B R
JEERFIRT AR AR LI B2 SRR RS S5, R PLS-DA #57
2 R S Y AR %o} B AR RO 24 TR R B AR U E 3
86.3%, AR XA A A SIIMER S 73.2%, LR
DX A P M I R R R 95.7%

IR AE R IR, RS RARRAMAZ O 258 33 R e b
SEER G RE B AT E R AT, TS A MU AT,
FLA R R R I . ORURITE s Y S,
HAERYENE & R IR E T2 MR . Ak,
FIKA RS FESAEE TS, L RS EEIHBNRI A, Fitk RS
TR RAR R I EAR T R [, RS A7 —EMA R
fib: RS A8 R, HAER AR ES ) 32 BIPAEE R 5200
26 AFHAEBERIER SRR

JEAESR, THz $R T i T 62 bt b U 4 dal
FEFE FEISLRAR VTP 5K | AL R AR [ SEFH oK A9 THz
S EE, TR X BRI T AL B, 3 AR 1) J R K
(radial basis function, RBF){% B #/) LS-SVM FE~7 kK™
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i IR, X ORI 7 MR R = ik 100%. SHEN
SELONF AR . BV L TR . TR AR 5 AN A N i
T s 5, R4 THz BliEEURES, R SNV+UVE
LTI, DL LS-SVM HES7 /N P il s AR AL, /N /Y
7 I R R AT 3K 96.76%. BRLSRCTIN | 3 [ A pTAR
23 AERW KRG ST, RS D) THz BG4
P&, 22X [0 f /> T (interval partial least squares, iPLS)
PEA R RRIE GG X 8], S FIAREAL TAL R, DA L
$9 (artificial bee colony algorithm, ABC)-SVM &1/, K&
A AT, X R T A RIS A IE A 2R R 94.74% .
T SRS LR AR R SRR FUT | B E 2 PG 3 R RN IA AR 3 A
7 A NME S THZ Y6155, 38 PCA SE T GIEARAE (R
A IR B, LUK T B S 8 (partical swarm  optimization,
POS)-SVM  F 57 Wl HE 5 7= Hiy 6 FIAR AR Xof iy 1) FRA A 7= it
WU 100%, ARG 95%. LIU i g
77 AR . PEHEA . A AR OR] 4 AN E KRR
PRI AL S AT R A 9T, SRAR THz #di)a, Ll
551 (genetic algorithm, GA)EFOLIEFHE, L LS-SVM
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