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Development of Dead Cocoon Discrimination Model
using Visible-Near Infrared Hyperspectral Image Analyses
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oF T YFFHI YE FAFE FZA717] Yot FAEY BIHAE dA1717] I3t o] o]FojR 1
ot FAE FoAME Fol|T A= 719 Ao axtrt & Bt ofet Yl R], &8 B3t 59 9728 4K
2A G8E7t . RIS 71548 AR E85t] HsiAE EHO BoldE AWS 15T AAg)oF gith. o] I
A B FolaA= 1A R "7t 54 AWAFH7 B FoluAE LFAFIER AW AFH A EF 1A
£ AEdF= Qo] Qsith B dFoAE dA) Q1o o]RojX 1 Qe EF 11X AY FYJ9 535} 7|E&S
utdEsl7] §ioto] 283G 4 £49LS B0 EF FoluAE vintyyoE WEstA} offtt. ol Yl 7S -2E 9]
A (403 nm ~ 998 nm)Q] FEF G4 AIAHS o]8st] FAF TX] 648709t B 12| 65700] gt 28X
FEE 50191, 1A FYHE FHFGeR HAoto] H AHERE FE51h. 97k AAMSC, SNV,
Smoothing, Baseline offset, Mean/Max/Range normalization, 1D/2D derivatives)S &3] ABEZO] LLo|ZE
AABIRLL, FAEEA(PCA: Principal Component Analysis)& S3 B2 Fo|vx] T4 7542 S5t &
B 4AS BHEA(PLS-DA: Partial Least Squares regression Discriminant Analysis)2 ©]-&3lo] o 2dS
fdstgon Bd HE2 57 1A ASS S olFojFh. 1 Adt, BE HAe ] tisto] 92 % ol wE FEx
£ 2o 2% vl HAAE Y3 AHEHS o] &35t AL AF WE FELT} 96.25 %= 7PY 5okA UER
o} ol§ B9l 2EF FAE o8t EF FolIAE HintyHos WET 4= 9l& ALE wWHH
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Abstract Recently, the sericulture industry has been trying to increase the value of sericulture products.
Among the products, cocoons are effective in improving memory and have high utility as medical
materials. To utilize a cocoon as a functional material, it is necessary to remove the cocoon floss
attached to the surface of the cocoon. Since, dead cocoons contaminate a cocoon deflosser, they should
be sorted out before the deflossing process. In this study, we tried to non-destructively discriminate dead
cocoons using hyperspectral image analyses. We acquired hyperspectral images of 648 normal cocoons
and 65 dead cocoons with a wavelength range of 403 nm to 998 nm. The average spectra were obtained
by extracting the central part of the cocoon. Spectral noise was removed through nine preprocessing
methods. Principal component analysis (PCA) was performed to confirm the possibility of identifying
dead cocoons. A discriminant model was developed by partial least squares discriminant analysis
(PLS-DA), and the model was verified through 5-fold cross-validation. The model with 2D derivative
spectra showed the best performance with discrimination accuracy of 96.25%. The results show that it
is feasible to non-destructively discriminate dead cocoons using visible-near infrared hyperspectral
images.

Keywords : Cocoon, Discrimination, Hyperspectral Image Analyses, Partial Least Squares Discriminant
Analysis, Principal Component Analysis

2 =2 sEU5Y oASARIEAIMR: PJ01586801)& FR= U=

*Corresponding Author : Gi-Young Kim(National Institute of Agricultural Sciences)
email: giyoung@Korea.kr

Received June 9, 2022 Revised August 22, 2022

Accepted September 2, 2022 Published September 30, 2022

75



AR &85 =2 A A2338 A9Z, 2022

1. M2

AAL BUEE Aufie] FollE 7|23 YAE A4

St A= fEueelA @ 7IZF A&KEL Y HE
AHQ] % shtolti1]. 1970t -eutehs Bu5 Aful
Hzjo] A g WA 10 %of| 0|2 A= FAjYPo] F
otITH2]. SHAIRE lem R oFARl EAS 2 AN
F=rAE A7F ol 1A] =91 F7L, BFek AREO] 4] o
A To= Qe Furt A&HORE FHASHI 90
F Ai7de] BUd Hra2 YEEQICH3 4]
FT dAREE U oA He oz
£ FIE WA PP S 6 715 R
AHAE MHE7] gt =FHE 513 UTHS) A9
FAE 5 ofel FoliXs FAARR HEEQ] 2EE
o] x]9] 7|9AA7 S BYAIA 719,
BA71E 2R YezoH6], A3
+&8 S T 58 ANEA 84S
W QoH7-121.

FoRAE E8s] A EHo| Eolsle AW
S 2% AAeF 3y AW Aoy AWAFIE
ALgste] AAE. EF o= A7 gRot AH
7] AFE AolA 2] RO 7|7t EjA 7AE &
FAZIA =i, edH 7AE B IX7HA] 1A; o
A7 BAIE opIgit). webs AW AH d E=F 14
£ Ao A}do] "asith s dX) E5F 14|
A 22 B £AQ0F o]FoiX| 1 Qirt. B 11
29| A, W77} 1&stE o] 5 W &7t v
A GAY o] v|5=9lE W A vehdtt. ol=gt &
A& o]gsto] 2= XS dYo] TEAY o]
HjSo] E5F 1§ Adstal QIrH13].

L5d R @49 At wet S g oR
FA87] YoM A3t 715t 714 o] "ash A
Zoltt. A58t 71& 8FE7F S7ISFHA vluky] A
¥ Y AFEo] FET Qth. vty EA ol
EA7T YL fREHAA ARl £4ER] o =3
S AE3he 716 WoH14,15). A4S 24 gt &
ofoflAlE st 714 &8st At 7P EdsiA A
Y1 9loH[16,17] I FoNNE 5 R I A
HE SA0] 58 5 e 25T 94 7l&o] 28
I JcH18-211.

2 dTe 280 94 248 B B FlaAE
wEstAl spitt. ZHAE-2 A QA (403 nm ~
998 nm)2| =&Y G4 AAFEE o]gsto] FA 11X

o]

0

76

2.1 SA| M=

1A= 5&2X18H 25T A LA ATk
Ao R i RAE ARESITE FolaX= AA
A& o]l AR ZElo]Hol A 2= 24 ~ 25 T, &
50 ~ 60 %[22]9] B0 Hi & AF o] ARSI o
o F 7137 ool Hek 28d 4 55l
o} ol 2R|9) 2EF S 55 A, 1A 7F Y
7H4S 9] 918l 3D ZHE|(Ultimaker S5, Netherland)
£ ol&sto] AZ} EdolE AZeloith. Edol= PLA
(Poly Lactic Acid) &9 AA HIHIEE AREsto]
AZE Qo Ego] I7|= 7= 215 mm, A& 314
mm, %=°] 40 mme|2 Fig. 1 (2)¢} Z°] 7= 35 mm,
AIE 45 mm, #=°] 25 mm2] A} & 30702 /= o
At At 2ol oA E 3 Y dol 28 S
S5t o ST Fo|uA = A4 B o HE
aolgict A7 A}, A Foli A= 64870, B ol
1A= 6571& ERIIEE Fig. 1 (b)= Aol AH8H
o] afjAolct.

=

Fig. 1. (a) Tray (b) Cocoons used in the experiment
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Fig. 4. (a) Total reflectance spectra extracted from
the hyperspectral images of cocoon (b)
Average reflectance spectra of normal
cocoons and dead cocoons
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Fig. 5. The result of principal component analysis
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Table 1. The results of PLS-DA model between
normal cocoon and dead cocoon

Pretreatment Calibration Validation

None 95.13 % 94.91 %
Smoothing 95.10 % 95.04 %
Baseline offset 94.50 % 94.45 %
MSC 94.64 % 94.55 %
SNV 94.61 % 94.69 %
Max 92.11 % 92.31 %

Normalization Mean 93.02 % 93.10 %
Range 93.24 % 93.17 %

1** Derivative 95.83 % 96.06 %
2™ Derivative 96.15 % 96.25 %
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