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Fig. 1 BRS-SVM algorithm flow chart
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Fig. 2 Automatic silkworm sorting machine
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Fig. 3 Mean near infrared spectra of cocoon

— okt
—

— 9%xTHil-fk
—— 9Tl

Transmissivity/%

3 AiRHIE

3.1 XREEEEE

BRI LR 9 SO I ZR&E N 20 %0 Y B8k &8 .
FHUINZE 52 1 4 itk B O 1% S0 1 3 SVMLRSEAL, 56 §iF 48 o 1 %
H99.16% , LAz SVM ARG ALF /N Ry PEFIBR A, A TR
RFFIEBEZ, ¥ 900~1 699 nm i B RFAE 19 T 2L HE )Y
I AR 5 HE P B R AR i B 0~ 1, M op ER R B A A AN
= (2) f R

. _800—S+1
importance = ——¢-o—— (2)

A (2O, SRR T HET . 15 3 2 0k B AR T M AR
JIEL, G 4 Fras . TR ME SR 28 1 T SRR AE AR AE 900 ~
1399 nm, i B2 B A B A9 IR 4 g 3r SVM R AL, 45 T
LW RN 99. 4000, BT LAFRATIA K Mt e 4 2545 8 8 o 16
900~1 399 nm JEEE N,

8 1

7 0.9

6

Transmissivity/%

1

0.2
0.1

0
900 100011001200 1300 140015001600
Wavelength/nm

4 BRIEAIAEBEHFEEEEARANE

Fig. 4 The importance heatmap of near infrared

spectral characteristics of cocoon

3.2 BHERIEERESE
TE 900~ 1 399 nm i Bt A Pl i 72 A M A 2 6 9 A AR
A, 429 Fi MBR-SVM. MBR-LR, REF-SVM I SPA



1176 ik 56 4

%42 5

3% 5, 10, 20, 30, 40 Fil 50 M4FAE, GA fil BRS-SVM JG ik
B[ 78 W RFAE A B0, KR 5 SEBE AL 2y 80 %0 VIR AR 2006
YRR, fi Pk ok B FRAE DI 2R SVM A1 LR M A 53 2% 45
B, ST MR R, A b 50 R, 15 FI 7 35 50 UE 4 o
R MK 5 iR, H o MBR-SVM-SVM R ffi i MBR-
SVM Bk 45 AF . P Bl SVM g 4, [ 2 AT 75 3 4 18] 4] &
o 0 R DRl CRRAE 3 5 1 5 VA Bk AR AR . P SVM A
AR HE % L LR B RIME AR R . ik 5 A 4RAE. BRS-
SVM-SVM B 1E 5 R 2 2 93. 88% . GA-SVM B 11F 4 #E #
Ry 89. 24 % . i HAFAE BB 7 ik R 80% ~82% . BRS-
SVM [ REZL L F GA-SVM, i GA-SVM [y ¢ BEZLf F 1
B

FARAE 2 By 1 e i 00 48 vh DR R4 4 . A3 2 ) R 4E T3
TR AR A7 A JS B, A v A R A & 5 R . AR 4
900~ 1 399 nm I Bt 8 7 SVM M B 43 25 855 50 o i % R
95.70% . sy LR MM 4y RAERIMER 36Ky 95. 54 %, ] BRS-
SVM itk 5 ANHRAF{HE A SVM H M 2%k 89. 56 % . Hid
W R K LA 86% ~87% , SVM S [ HE % 1 LR 11455 .
MPkE KT 9 MEFEIEAD B, RFE-SVM, GA-SVM #il BRS-
SVM P RE#E3E . Fl BRS-SVM kit 27 AR fiE SVM g 45 i
By 94. 9700, FEFH 900~1 399 nm i B £ K o 1 42
VT o A ARSI E A B i R U B R AE B IR AT A O AR
FHA I PR RCE R D LT .

Validation set

98
96
94 ¢
92

§ 90 ) —H— MBR-SVM-SVM
2 % // —-#%-— MBR-SVM-LR
S 884/ 7 MBR-LR-SVM
B i —-9-— MBR-LR-LR
S 86 7 —%— RFE-SVM-SVM
< % ~ %~ RFE-SVM-LR
84 —©— BRS-SVM-SVM
0 —-+-= BRS-SVM-LR
8244 —®— SPA-SVM
¥ —-<-— SPA-LR
80 GA-SVM
—A-— GA-LR

5 10 15 20 25 30 35 40 45 50
Number of features

Test set

| MBR-SVM-SVM
—-#-— MBR-SVM-LR
MBR-LR-SVM
—-9-— MBR-LR-LR
—¥— RFE-SVM-SVM
%-— RFE-SVM-LR
—©— BRS-SVM-SVM
—-+-— BRS-SVM-LR
—®— SPA-SVM
—-<-— SPA-LR
GA-SVM
—-A-— GA-LR
T T T T T T 1
20 25 30 35 40 45 50
Number of features

BS5 SEmBERBENEREE

Accuracies of models using selected single-band features

Accuracy/%

Fig. 5

3.3 HiEELSUIR BT

THEIR T AE 900~1 399 nm I Br P9 /9 1 B AEAE . 40 900
nm 7 BHFE 900, 900~901 Fl 900~902 nm % 15 4> 1% £ I
EBry AR, 1 385~1 399 nm 5 [ [ 1 400 nm J5 1A B9 I% B 31
B, HEEREL 7 500 AN HT R AFAE . PR MBR * SVM, MBR-
LR. REF-SVM., SPA. GA #1 BRS-SVM #k % % % I Bt 1 1
BUEEAE, Hdh MBR-SVM, MBR-LR, REF-SVM fI SPA 4}
BIPEIE 5, 10, 20, 30, 40 F1 50 AHRAE . 5a i £ % 40 & 6
Bz, MK AR R A E 6 Fros . J BRS-SVM $kik 5 4~ 4§
FEFE P SVM #EHE, B4 MERR R 94. 17 %, T 48 HEAf %
H991.95% . B REF-SVM $ki% 5 AM4EAE A SVM #4555
UEAR HERR 32 86. 3006, MK AR HER Y 85. 910, I GA 3k
M5 ANMFFAETE A SVM JEET, o4 A HERR 2 89. 3004, MR
SEUERI RN 86. 6620, FE ML TR £ H Pk ik D JEARE
LT, FATER B MBR-SVM Z Al F REF-SVM F1 GA,
TEk 3 FFAE B K T4 T 20 A0, REF-SVM /Yy 7k 68 A
MBR-SVM, GA #[f,

Validation set

100
95
90 A~
=
.85 :
Q o~
< &
= 80 /-~ —P— MBR-SVM-SVM
3 3 —-% — MBR-SVM-LR
< 754 £ MBR-LR-SVM
i —-©-— MBR-LR-LR
% —¥— RFE-SVM-SVM
70 e %~ RFE-SVM-LR
% —6— BRS-SVM-SVM
654 —-+:= BRS-SVM-LR
—8— SPA-SVM
60 —<-— SPA-LR
¥ GA-SVM

—A— GALR
5 10 15 20 25 30 35 40 45 50
Number of features

1001 () Test set
*
95 f"i??‘:*f;lﬁi""‘%’\"*ﬂ
/
[: / -
90 A & 2
N e
N 4 /> MBR-SVM-SVM
2 857 7 7 =%~ MBR-SVM-LR
5] / e MBR-LR-SVM
5 304 ey —-9-— MBR-LR-LR
é - o —%— RFE-SVM-SVM
w o -~ RFE-SVM-LR
751/ s —6— BRS-SVM-SVM
VAR s —-+:= BRS-SVM-LR
e —&— SPA-SVM
704 // —§-— SPALE
/ GA-SVM
—-A-— GA-LR
65 T

5 10 15 20 25 30 35 40 45 50
Number of features
B6 HZWELZEEEBREBTINERERE

Fig. 6 Modeling accuracies of selected band area features
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Feature Selection Algorithm for Identification of Male and Female
Cocoons Based on SVM Bootstrapping Re-Weighted Sampling

CHEN Chu-han', ZHONG Yang-sheng”, WANG Xian-yan’, ZHAO Yi-kun', DAI Fen'"
1. College of Electronic Engineering, South China Agricultural University, Guangzhou 510642, China
2. College of Animal Science, South China Agricultural University, Guangzhou 510642, China

3. Guangdong Sericulture Technology Promotion Center, Guangzhou 510640, China

Abstract The cost of identifying male and female cocoons by NIR is high, and the cost can be reduced by selecting useful
features. Since there is a nonlinear relationship between the NIR spectra of female and male cocoons, a wrapper feature selection
method, Bootstrapping Re-weighted Sampling Support Vector Machines (BRS-SVM), was proposed. The diffuse transmission
NIR spectra of silkworm cocoons were collected by NirQuest512 NIR spectrometer. The heat map of characteristic importance
was obtained by modeling the whole band of the test set, and the heat map obtained the range of important characteristic bands.
Then, in the range of important characteristic bands, the single band features and continuous band area features were selected by
BRS-SVM, Model-based ranking support vector machines ( MBR-SVM), Model-based ranking Logistic Regression feature
sorting method (MBR-LLR), Recursive feature elimination (RFE), successive projections algorithm (SPA), Genetic Algorithm
(GA), and then the support vector machines (SVM) and Logistic Regression (LR) sex classification models were established
respectively. According to the characteristic importance heat map. it is found that the important area of male and female
classification of silkworm cocoon was within 900~1 399 nm. We used this band to build the SVM model, and achieved 99. 40 %
accuracy. BRS-SVM was used to select 5 single-band features. The accuracy of the test set is 89.56%, which is 2% ~4%
higher than other feature selection methods. RS-SVM was used to select 27 single-band features, and the accuracy of the test set
of the SVM gender classification model was 94. 97% , which reached the requirements of production conditions. The accuracy of
modeling test set by BRS-SVM was 94. 43% for 14 continuous band features. In the case of selecting a small number of features,
our proposed BRS-SVM is superior to other methods. Using BRS-SVM to select a small number of features, we can establish a
good performance of the female and male cocoon classification model, effectively reduce the cost, has important practical

significance.
Keywords Cocoons; Near infrared spectrum; Feature selection
(Received Jul. 13, 2021; accepted Nov. 3, 2021)

* Corresponding author





