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Abstract; In order to solve the problem of fast detection of adul-
teration of mutton and pork, the spectral collection of adulterated
mutton was carried out by using a multi-spectral instrument, and
the reflectivity of samples at the band of 350~1 100 nm was ob-
tained. For data preprocessing, Particle Swarm Optimization

(PSO) was used to optimize the Least Squares Support Vector
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Machine (LSSVM), and a Least Squares Support Vector
Machine (PSO-LSSVM) model based on Particle Swarm Optimi-
zation was established, compared with Partial Least Squares
(PLS), Back Propagation Neural Network (BPNN) and LSSVM
models. The result showed that PSO algorithm could effectively
optimize LSSVM model, and the decision coefficient and root
mean square error of prediction was 0.920 4 and 0.089 2. Further-
more, Random frog (RF), Uninformative Variable Elimination
(UVE) and Competitive Adaptive Reweighed Sampling (CARS)
were used to extract the characteristic wavelengths and establis-
hing the model of PLS. The results showed that the UVE-PLS
model’s decision coefficient and the root mean square error of
prediction set were 0.996 7 and 0.016 2, and UVE was better
than other feature wavelengths extraction methods.

Keywords: mutton; adulteration; multispectral; particle swarm
Squares vector  machine;

optimization;  least support

characteristic wavelengths

PR PA J5T 0 I f L 1 O L A Y 2R AR
7 T AR LA R B SR R S R R R
ERP R S i1 AN RN = W R/ Ry QR (N B R SN R o s =
T Al 22 FLUBGCEL e LA B 17 3 b — BEORIE R 1] S
P A H Al A 2 DL IRE SR g% R ™ T 45 T g A 1 )
fi BE RN . ARG TR B R 00 T5 vk R 2 2 2k T Aoy
B A 7 125 49 T OB 6 93 W T % (Enzyme Linked Tm-
munosorbent Assay, ELISA) | 28 4 Fiff 4% /2 i (Polymerase
Chain Reaction, PCR) Fl By, - 5 ¢ AR 55, {H 2 X 48 J5 ¥ 4
VESE Z% R AR i B 3 S WA i s B



&M | Vol.36, No.11

G ASCAT LA SRR A 1R i 0 35 B AR R O IR
BRI R A KO R 5 LB R 4
A AT DU A R AT R B R T . AR T
/NT SR (PLS) A6 7 X6 ] B PR 7 28 Ak 3 72 op 7K 43 5 ik ok
AT I T T 22 00105 AR B AR 14 8 L PR 7 2k A T
FRYE . WIF N 2GR A L BT TR
D0 1IN | I R I 7 T 2 oo o
A6 A ROKE Tl 7 &b 3 AT B L B P ik A0 3 b i % )
R T R k. M) ETY R M E R4 T
(Principal Component Analysis, PCA) \ s i /)y — 3 7% . B
INZ T S 1) R AL (LSSVMD LR 1) 4% 4 i 28 W 4
(BPNN) g 57 58 WA R L ST T 2 6 3% AR 46 R A8 35 i
o I (B DR T . Ropodi 5517 14 P9 25 48 (B )
R4 ) 220005 AR B AR X B IR A Y EAT R O
7T RIS AT R S R4 25 R R AR AR R
PR B IR v B AG W [ R, SR P 3E 4+ MBS TR A
(CARS) gk 37 Rp Ak 0 1< T30 45 2, A5 Y 17 ) 4 o i 3R
$40.940 0, # 7 RIR 2R 0.076 6, [ 504 R 4
P F 3 A v A IR AR I I ST I i ) R AR
B8 2 YA PO B R L B FE A e R
0.972 5, X307 iR 22 H 0.057 7T AR T R KRS R A
P& Tt . WA A — 2 O 2 B K R AN
B H#AT T B .

FLHT A R 2250638 1815 B0R %) Y 2845 (BUes 0 ) oF
SEED RO X AR TR BN . LR 6 A5 AL AT
WCHE LA B H T B8 g T 45 B HE A R S . S 4R
e R PRI A A 3K 3 U S N 3B AR T L
P A 2065 FR G SR ORE i R T 1 S R BB E R
P B S 385 26 Y 3B R PRI ViR A ST e T AR AL X
2 P RO P BB B B T O X A R AT B AL L R AR
AU GE Iy . #F— PR BURRIE B, L RE R, B
P PR TG 451 R 31 B AR D) S AT AT Y 5 ik
1 MeHS ik
1.1 L&

N6 BT 22 GG T 28 5 o G DY A3 AT S 4 4
WS-1 {8 J 5 F5 E AR 8 VE 24 BL B K4 Ocean View, o
PRI SR BN DB (R R B AR A R A
) B-5 R i V6 % (Ocean Optics) ) USB2000+, % < 78
FiI7E 350~1 100 nm. 347 2 048 POLIEEREL.

1.2 HREl&E

TR T 37 W 3K B0 R A PR 2 ISR Y R AR A
BAA 1 kg, K7 PRGBS A 25 4 R T AL
A B R PR 40 0 FE 1 min, B 2E R A S A BER T
IR ey o mpn N 12 9,2:8,3:7,4:6,5:
5,6 +4,7:3,8:2,9: 1 HLIRAIF 0 2 AE B BE B SR L

ME S BT PSO-LSSVM M4 E K KIREUM E R B RN 75 &

o o5 S E S — O B3 RR— Dy A A AR A 3R 1T ik
BFEAS, BAFEA 30 g,
1.3 SREHERESREHIREIR

JEREAX Y R 4 i A B R 2,85 s, BN
100 R, ) SRRy 3 IR AR BE IR B Oy 20 *C, R
AROCIE B I B 45 R A S 2 BIS AOC IR B T
Py 7= A M s, A I 4 R 7 A iR 2 (AR BT B UR AR
2 R RGBT T — WA AR IE SR 5 6 AT oy T
o 9 BLAER A G BRI B 0 A O Ol i A
BCER WS-1 18 SR AR 1 AR AT B AR IE » DA I R ek 55
SAA X B . R A B R Rk R E
BHTFEMA L cm PO E W HEARIFTZ WA, 15800
KA 350~1 100 nm fy 52 51 6 1% HH .

X SR A2 B 1Y R U ot 1% B E AT 0 % A H — Ak b PR,
S0 153 WY S O v O A 19 S AR A, RS R RS S R TR AL
XA B X 43 B R DO S g B R A . i R D B
Jai s B B 43 o S 43 I RS R A ST K A A
DA T 6 30 A58 70 g o 2
14 BEFHFEALHSN_RIZHDENZEE (PSO-

LSSVM)

B/ e AR I A LT R A A R T A s, L
PSO %I LSSVM WP~ 5 Bll A7 e (R4 %, g Sr 7 — Fil
FHF 3 B B Sk 0 (4R 30 D0 A d /s —3fe S5 1) o
HURGABETY L I K 12 1 £h A5E TR g 39030 45 SR 5 30 468 7Y ) 73
W25 H AT L4 BT
141 B/ FmENL e/ 23R S H i B WK S
Fi 1) AL SV Ak Ta] 8 R AN 45 2 29 308 4 o 55 0 2
H@Jﬂcﬂ:iﬁﬁﬁ"] m YA (x; »Yi)vﬁéﬁiﬁ i=1,2,.m,
x; on eSO SR,y S . LSSVM FE [l 19 B
FHR S Xt m ARSI LA .

min, ... J (W,e) = %WTW‘F%ZTLIF? s (D
LR

y,»=nga(x,-)+b+e,, (2)
A

VTSR it
b P T 2 it 5

e IR RiMIIR 2
y— N RA

Ry e A 1R 22 1 4 20 B /Ny B
AR IR 22 19 75 22 BE O, 3 B AR v A 488 2 58 78 11 0
e

#4938 h A% B H (Lagrange) & H0R i -

Lwibsesa) = J(woe)— D" a{wlex) —b+
e —yib (3

A

47



48

RL 57 SAFETY & INSPECTION

?fﬁl’r &'43 l/\mﬁﬁ@@%ﬂl K(x.x;):
L [z —a|°
K(x,x;) = exp<*272> . (4)

= W A% SR o R B R S B T A AR AE 23 T S Y
3T o BERSZ R & D o B/ EHF I R 2, R
Tia) 32t A0 00 A B R A R

e T m 443 8] LSSVM [ul 5 ek 4 -

vy =" aK(.x)+b, (5)
1.4.2 RFHECALRE R REE B SR
TR EmRI L —FE AR R A L. CRLE—4
XIEHNAE—REY, SEEAE LA ES Tk A 2,
REEYERFLAGHI T EREERE T RIENE W
Jei TR DXk o SR PR R - R B35 0 b B /Dy 3 S 1 LY
PANSE y Flo e B, B — A Al B % 25 ) i —
5 FRRLT, Fﬁ%ﬂﬁ/\f%ﬁcﬂ’lmlﬂéﬁ/\ ﬁ%ﬁ%@?ﬁt

U S ZiRE B A R BB AL R S WG LR VA1 B
T B R

) XKL REFORL T 7 BIALE =20 = (7550 FIBE o,
BEPLWI IR AL A2 BRI R n BRORE T R

(2) BT A LSSVM A 70 % 1] 25 4 532 15
G BRI WIE f (D) 5B E v VGRS R W
505 MR R 22 P sE AR T 1038 B (E (fitness) .

Cf ) =y
fitness = \/2,1 - . (6)

(3) B OB AR 5 15 N V{EE?‘EE oA (i
(pbest ) FEEIR T AR A (gbest ;) o

pbest; = (pbest; s pbestir s+, pbest;,) » (7

gbest; = ((,g/)m‘t\,g,bm‘t seesgbest,) . (8

(4) MR 38 07 B %00 (1% 38 J8 A0 A 8 047 BT

v, = v; +c; Xrand () X (gbest; —z;) +cy, Xrand () X
(gbest; —=z;) (9

2, = 2, T v » (10

K

C1aCo FAW T

FERLFRER R A W F R BE — &R 2, rand O
0 FT1 Z‘.I‘Fﬂﬂﬁﬁﬁfﬂ@ﬁ(o

(5) 3 33 2% 1k 45 7 J W7 2 75 45 A AR, 79 2R F 19
.
1.5 4HMERKIREL

PR IBURFAE P A R A AT L ) Ak 455 780 546 5] 5 Bk TG 56 A%
48 TR M RE AN T A8 L R AR . iR 4 R
FBEHLT IS (R TV JGfE BAS B Bk (UVE) [P 100
4 Pk BT N F AR R IR A I K L AR I 1 9
KAy i A o ST A I /D IR AR U A A, R L T
&5 5 15 2] Fe i B FRAE 4R B v

BEE 22988 | 2020 £ 11 B | R&SHM

2 g5
2.1 JRIAEiE

FIH 22 50385 K6 3 G0 0 e AR 4R IO S 2%, /] 1 A
ARTE 350~1 100 nm P B TR 4T3, H Bl 1 A A, AH [F]
W BN AN [FHB B L 481 19 A 7 S S 38 5 S AR ] 7 Bt L 3k
BTAHUIRX A, AR E — 5805 55 0] 0w,
el Tl I iR e R, AT UG BR . B4l w7 ) g g
PR Z AT W GE R B LAR G Koy AN H 3 0k Bk
Berfria] 500~650 nm T 427 AN A 8 B R AR S F] ]
Bdn . m T ECE A RGO TR JF BLBOE ROBE A 48— I x
U A Y 1) 45 2R B AR K AT OGS R AR I — Ak
AR TR BOUE WS e — 1 R 1 2 R 25 SR 2 TR
2.2 &EKER

WEHC T AT B R JS o 32 4 B Al # IR 2
SR INGERMMRE . H 21 AINGEBE (x .y (=1,
2,000,210y x; O 427 He g A )i ARG 427 AU SEG v
HNFERBABRHKE .

%llﬂﬂ*ﬁ%ﬁiﬁm%f?i,Xn‘%d\:%i%rﬁ]%m%ﬂﬁ
NSR y Fo BEAT 000 16 AR BF B BRORE R
K 7 8 R R AR R . R QE
z; = (¥ 0 fRA LSSVM &*‘wallé}?;%yﬂz%}?hﬁﬁ/*
AL TR0 T 2% SR 1) 38 O AR 25 4R D R B SR

s
Reflectivity
— O — N W A L ®

7300 400 500 600 700 800 900 1000 1 100
P
Wavelength/nm

B 1 R kERS

Figure 1 The image of original spectral
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Figure 2 The image of normalized spectral
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Figure 3 The outputs of model prediction
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Table 1  Prediction effects of different models

ATy % R2 RMSEC RZ RMSEP
PLS 0.994 2 0.024 7 0.899 0 0.100 5
BPNN 0.829 4 0.133 7 0.743 6 0.160 1
LSSVM 0.980 0 0.045 8 0.900 3 0.099 9
PSO-LSSVM 1.000 0 0.001 2 0.920 4 0.089 2
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Figure 4 The average probability of a random frog
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