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TR K A0 PR e AR AR I A e O S R
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I 41 A 6 3% (near infrared spectroscopy,
NIRS) 73 #r45 A 52 1) F ¥ 5t %) 3T 21 40 0l 1) 8 4% 1
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FHME S 23 5N BT L 55 f B X 55 Ml R B T A | 2
SRR A A Y REAR S 772 S (BE 120 A
1125 A4~ 588 100 A4~ 8 108 A~ B 89 A~ 7 £ 130
A 100 A4S s DA R A PR 2R 50 45 R I B
12 UFEHEE

Supnir-2720 I £LAEIEAL BT ROCRH B Ay
AR Al K6oo & 9 o/ B AL, 78 [ {8 B R 48
BL220H HF X, H AR HAH,
1.3 RWHE

DGR A . W R A B0 fF 5 5L T 10 °C
Paow 2 N O e Sl P IS N N 1R e =
T2HEH 3.5 em  HE N 2.0 ecm W RTE B AN &
WL JF FIRE o & o B 5 TR 1, HE BR R ol &I AR A <
. FH Supnir-2720 3T £ 40 6 3% A HE AT 6 3% R 4R
FESRHERUS LR 2.0 cm, AXERAIN S B0 . Al
1 000~1 799 nm; W& 75 2 : 18 Spt s $9 48 Ik
B AR FEAI A 3 UL FELA 3 IR IS S (ELAE R e 26
OGS

2B A B . I TR B T o AR B R
RS M B AR O T Ak R 5 9 A3 SR T — B
FH(first derivate, Ist) An i 1IE & AE # (standard
normalized variate, SNV) . £ JG 8 3 # IE (multi-
plicative signal correction, MSC) X ¢ 3& #F 17 7 &b
g WAL S 69O 3 M 4R AT SVM U7 ik i
B, T AN 240 J5 R 8, i Bl SVML &
NEAR ., WILEE T SVM 282805, 8 T 15 %)
WA HZ AL RE 7 o I A8 A e SR A5 2K [ B S AT
RE 1D K, BT LA A 98 55 T 25 18] AT 43k 0 B 57 )2 3K
SVM. RIS 2 18] AT o3 D B A8 KA IR 28 43 2, F:
HEU FALREZ AR, X B4R T 5 iR
B VELOBE R DL S b ] B R ok E RS R Z A Y
JEENCI v S Rl RTINS - e e Sl D O
K SVM ) 545 A0 i I 38 5k A0 56 IF 2 58 A5 A
F14) TR A 1 R 1

AHFFE 2% T % 8 2 7% (grid searching tech-
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T SRR DR S P AR AR 4R A R S H e

SR, Fe A RGeS D g R P T A E
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recall= TP LFN (3)
L TP

precision= TP I FP (4)

F = 2 X recall X precision 5)

recall 4 precision

K3~ (5) i, TP R IE JEFE AR Bl IE B Tt
IEZRFEAS s FN 2758 1E 28 FF A 48 152 70000 Oy £ 2
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42 (recal) R 7 52 b 28 ) vh Bl 1E 8 4 26 /Y 52 491 4
B A R (precision) 28 78 T 2 51 v &L 1F 1 86 43
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correction spectra.
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and multiplicative signal correction spectra of seven kinds of freshwater fish samples
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DGR TiAL B, AR S B f0 A FE Al 772 4
ITLLAMETE R A T 800 A B 45, ML T 772X 800
AT RERE . SRR IEAT K-S 4035, 80 W BEA R 430
SERRER AR R A3 A I UE S A5 RN ER 1 R,

N T PR S R s S B
41 43 1 (kernel principal component analysis,
KPCA) #1 3 i 4343 ¥t (principal component analy-
siss PCA) X LA 6115 il A 728 5 0 47 8 48 He 4, 42 1R
SR AE 5 W RHAE A . AN )G P Ak 3L L BT
 SVM. ] il #5570 ) S OR i 3R 2 s, R 2
YL AN TR A O i T Ab 3 7 1 2 N7 SV MU B AR
RUF R R A T XA, PCA 2 BURRAE 1) 5 )5 19 4]
SIE B KT 80 %6, KPCA 42 BURRAE i) 5 19 1

BIEH R =T 85% . EEJF A & PCA i s A %5
TFEFELRPEAS 4, T KPCA 3 o 4% R BIGH AT AR 42 M A
e ARAIEGE P ZE IR K B SO TR TR Sk
FI5], BT LLKPCA 5 SVM 1 45 & EIRGE)NIESS

Py
HE 15

F1 KESMBIEEFEAR S5
Table 1 Division for calibration set and
validation set of samples

1t fif IE 4R P UEAR it
Fish species Calibration set Validation set Total
fif Silver carp 96 24 120
B Grass carp 100 25 125
I3 f# Snakehead 80 20 100
i) Crucian carp 86 22 108
8 Common carp 71 18 89
H i Black carp 104 26 130
% Bighead carp 80 20 100
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bl k% R

% 38 &

TEFRERZE R . 42 KPCA $EIURRAE ) & J5 o £ 57 1 5
T B A2 SVM B R SE i 4 ALK IE 4 359 45
o P 1 O | ke A T AR E B R R R 97.89 %,
X B IE £ TF B H B %k 91.09% . R, SR R
B3 A3 AT 45 S s WL R 8 ST A IR K £ £ 2
IR FL A 5 i Ab 32 SNV,

2)SVM HI GBI R N7, T F PR AL T

H SVM ] B R F B RO g 3 s, B 3
ALHL, TCIR 2 A 28 i Al PR L I T e B S T
FIR TR Y ) (AR 2 die A, 3 S PR A 36 F e I s
ST SVM A5 ALl BT A5 B AR i 21088 - T B B A
/N, 2 SNV AL # 5 . R B JE B 57 )2 IR
SVM ) A A g 580 S fo - o AR oA 28 0 33 i Ak 2
MY L F R T 11.33 %,

3 AAXEFLEBEEGETHIFEENN F HNITENERNSEITSH
Table 3 Statistical parameters of F; evaluation indexes of SVM models under different spectral pretreatments
a3 7 % SR ) AL TR Y FE AR % WA R4/ %
Preprocessing method SVM Average recall Average precision F,
SVM1 86.314 86.748 86.530
KTk B Control SVM2 86.327 88.468 87.384
SVM3 86.327 86.327 86.327
SVM1 88.413 89.016 88.713
— B A 1st SVM2 88.436 89.180 88.806
SVM3 88.436 88.436 88.436
SVMI 90.429 90.754 90.591
PRifEIEZR A SNV SVM2 90.448 92.145 91.289
SVM3 90.448 90.448 90.448
SVM1 87.916 88.888 88.399
£ JCHUR R IE MSC SVM2 89.040 90.544 89.786
SVM3 89.040 89.040 89.040

A R 20 WAL E Bl I8 10 3 A 23 P W A v 2R . 20 IR ML B X 56 AU 25 E %, Note: Average recall: Average recall

of 20 randomized repetitive trials; Average precision: Average precision of 20 randomized repetitive trials.

23 BRI

kTR B8 T ST ) e JE R S 2 R SVML A B X
AN AR RS B R B R R, e 164 SRS 5 AR
FAREAS , BV IRTIE A X0F i 8 SV M RS0 AT 46 36y , 245 5 4n
F 4 PR, B 4 TTHLZ SNV FALH S B 1Y B
FE B2 SVM ) SRR, b e | 5 8 R 08 ) 1
FI B T AE KT 95 %, R #E A RE G ) 5

RKT 85 %% . Hov 12 fil4 () 1E #5105 F B A 100%4
& AR T o 1 fl %) ) 50 35k R Fe A . A £ 88 ) £
TEARAN B0 R LA A A 5 A TE 7 ) 391 5 AR B
(21431421 4+ 18+17+23421) /164 158 Hi %A %I 1
HORIE B H 0 R 92.68% . PRIk, B L AT LK 7
PR K A A X 53 TF R, S50 560 UE 45 SR UE B SVML 3]
SRR 187 FH R 7K o A DR S5 S 2 AT AT Y

R4 RAEBHEINER

Table 4 Discrimination results of unknown samples

T A 4 474 Predicted lable TS )Y
Predicted lable 1 2 3 4 5 6 7 Total Recall
1 21 0 0 0 0 0 0 21 100.0
2 0 31 0 1 0 0 0 32 96.9
3 0 0 21 0 0 0 0 21 100.0
1 0 1 0 18 0 0 0 19 94.7
5 1 0 0 0 17 1 1 20 88.5
6 0 0 0 0 3 23 0 26 88.5
7 0 0 0 0 0 4 21 25 84.0
4 Total 22 22 21 19 20 28 22 164
PR/ % Precision 95.5 96.9 100.0 94.7 85.0 82.1 95.5
T 4R AR/ Y0 Fy 97.7 96.9 100.0 94.7 86.7 85.2 89.4

7 Note:1:#% Silver carp; 2: % ffi Grass carp; 3: 21 Snakehead; 4.y Crucian; 5:%# Common carp; 6:7 i Black carp; 7% Big-

head carp.
3 i #

L5 R WY A [R] o 10 E R A RE A (9 30 2141
T i 2 AR A H AL B A B ) S A A,

M3 P DA 2 0 IR K B RS FEREAR
B A 22 DRI B T B AE AN SR SRR S e T L O
2 B AL B 4, R I L X O i R AT AL B
Ist FALFH S Y635 AE 1 130 nm &R I& 5 1 210
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nm WA .5 C—H MR A &, L et R
FE A IR 7 B9 SR L #E 1 335 nm AT 1 379 nm Ab
BN B W AT R e C— LAY A A5 R0 A5 A1 A ek 45 I 3
KRS S0, 76 1 400 nm 22 43 4b B P 0%, 5
FESh T O H B — 2 45 ik sl 43 ¢, 33X & P oy i £
P KAy SRR R BT L O H W i e AR B g
2 3 FhIAL B 7 AL BRSO T Ik 2R RS PR 4 kR
T Bk L SR P s B s D A RO BR AR
FEA TS 5 PR BE 2% 1 B FL At DX 22 A9 5% o, 0 B D 4
Sk JC A5 B AR L B R TR A T BE )
F g P

SVM HAZ gt i ik Bl A 38 TR
P23 A7 25 R 05 BB A8 5 g b At DR /SRR AR e 2 R S
B[] 250, HC 07 T 30 20 A 63 o0 b v o el 57 3 21 A0
e AR R B R S AN TR B RR AR AR O v
F TS 1904 3 5 6 X AR A s . ABIF ST 45 R R
B, KPCA $BURFE ] & B 2R e PCA 4F, E 2R
K& PCA Xy A RAE/E 26 M 28 e, ifi KPCA 3 1
W RBE AT AR AR B . AN I 5T PN 25 2 TR K £ fa Fif
S5 JE T AR PR H L BT LA KPCA 1Y 4 Bk R 48
I, KPCA 4543 F R )2 SVM #5711
15 Y 5 o £ VI8 UE 4 35 A B 0 A 0 AR X A% GE
SR IE B 1) 3 20 97,89 %0 . X 48 HiF 4 1F # ) ) 2K Sy
91.09% . Yu 2058 T 414N H R 454 SVM
A I 3 2 T 0 7 M L R I SNV T Ak 3L RE il 4 )
() IE B 3K 98.36 % . 3055 %0 F I bR i 1E A48
A o A B 2 A O T WL 2T A G L ST S
PR BT i B ) SVML ) A A6 , B4R T % 4 98.28 %4
HEE R — P UE A T 3L 20 M6 B R 45 & SNV il
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Identification of freshwater fish species based on near infrared
spectroscopy and KPCA-SVM method
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Abstract  To realize the rapid identification of freshwater fish species, near infrared reflectance
spectroscopy was employed to establish the identification models of fish species. 772 samples of 7 fresh-
water fish species (silver carp, grass carp, snakehead, crucian carp, common carp, black carp, bighead
carp) were prepared to collect near infrared spectra data. The effects of preprocessing methods including
standard normalized variate (SNV), multiple scattering correction (MSC) and the feature extraction
methods including kernel principal component analysis ( KPCA) and principal component analysis
(PCA) on the discrimination models of support vector machine (SVM) were investigated, respectively.
The results showed that the overall accuracy rate was 92.68% for the unknown sample after the SNV
preprocessing and KPCA extraction of characteristic variables. Therefore,the SVM model constructed by
near infrared spectroscopy combined with chemometric methods is feasible for rapid identification of
freshwater fish species.

Keywords near infrared spectrum; feature extraction method; freshwater fish; aquatic product
quality; support vector machine; identification; accuracy rate
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