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Movement Monitoring of 5™ instar Silkworm Larva and Infected
Larva Using Image Processing
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Abstract Silkworms (Bombyx mori) have long been domesticated by humans as the only source of silk
fabrics. Due to recent labor shortages, there is a rising need for automated management technology for
silkworm breeding. The 5th instar silkworms feed on mulberry leaves, after which they sleep all day.
After 16 to 24 hours of sleep, there is a dramatic increase in the weight and length of the silkworms,
with occasional illnesses arising due to chemicals or viral, bacterial, and fungal infections. Traditional
methods of breeding silkworms are time-consuming and labor-intensive, involving manual detection and
removal of infected silkworms. There are very few studies reporting the movement of silkworms during
the 5th instar using image processing. In the current study, silkworm movements were detected and
monitored using the Shi-Tomasi and Lucas-Kanade algorithms in OpenCV, an open-source image
library. Moreover, the physical weight, length, and width of every silkworm larva were measured daily
for 10 days. It was observed that the infected silkworms had more movement than normal silkworms and
also moved along the walls of the cage. During the breeding period, silkworm movements were recorded
every 10 minutes for 24 hours using an internet protocol camera (IP camera) and saved as a video file.
Among the saved files, a concatenated video file over 240 minutes was used to calculate the
displacement of the silkworm in pixels. Normal silkworms moved 118,753 pixels, whereas the
virus-infected silkworms moved 410,450 pixels, showing a greater than 345% difference in movement.
Our results indicate that the motion tracking algorithm using the image processing method has the
potential to develop a smart sericulture system.
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Fo(Bombyx mori L)= &, Fol, ¥d7], 4o
2 groks 25084 57 7~8Y A=) B HHE
FHoFL A Hot IXE Ae=th o= FolE vl
23t Agoted, ZAAAY 5 1439 252 7L
2 Q1Ask= Hcte] ARESIL ool gjde] FolE &
83 3, 555k 5 7H AFCE Aol FAEL
Art.

P2 2 717t SR E ANS A A3 H o] ol
FTHLEA Y T w7z oJH] AEFAE /A9
1 Slth A9l 1HE =5 A 5O8 kE ok
Aol FAH Aol HR3t IS AL & U= M
2& 7% 7ido] dasith

Z3olY 559 A US BUEHSI &= &
T o= AYPEAT FEY P B4 gt &
EfA A& AU, G4 ol8sto] 7159 $7F
= d5023] 58 3 dEHAY F5& EAldlol= 5
9] A7t BaE| itk FliolA= ICTE 7IHle R 25
A& BAE HHskols A77F AP= =t oliksket
&, FEYoL 2k, Fk, & AINE AAsto] 25 &
ntER HF HE AASHATHS]. AtE Rt B
gt ATE $PET J=d BYAYL [oT7 &2 ol
ALES 27T AF6], [oT7[6E A5 B Aj2= A
G710l e A7 EuEJANE AA AX] E ToTo|
3= o] glom o] A Qlolut BeE HYH P
W82 =R kot

FEEANA JIAE v sk, N HAE
AgsiA AU FHse dEAQ duEoRE
Optical flow ¥%o] Ut G4d9] 4 Tl 8k gf
719] H3tE v e duitt A4bsto] 9] ¥t Qe
tas RFole VA9 d9og FHsk= WH4lolt)
Optical flows= 19809 Horn¥ Schunchol 2J5fiA]
Agoz HREUE=HI8] 7FAIE BAE ARSI
quadratic 38 E5(activation) = A&t
Optical flowgdI2&E2 tget 1ol &&sto] &

=t &2 Python(9], insight tool-kitITK)[10]2.
2 Fd=Eoer 2 AFoA= Pythond Opencve
285t T daEES sk

£ Aol Foll F AN EF FollE 8o
sHA HET 4= e AT 7™ 7MsdS Tt
12} 57 ol 229AE HYEHPskL HAY 49U &
P

5
J& AEstarAt sigiet. [P7HRE ol 24 d< 10

l

—_

Azt AR SO ARt GAAE HS B
slo] gt trofle} HE ol(Fe] LX) Aol Tl
shoict

2.1 3Al XM=

Aol ARESE o= FEXTH FHAERONIA
SR & Eoltt. sdTERAA 58 7%t
B AT, viAE AA 9 12 7 AR 2 AE
= Y5t Tdsdetd s3olA AHTL FAL
7THIE AATIIL ALAFI4T)ol HastHA wid Al
ZH|(10A], 1441, 17A]) U] Folsiltt. AdS 9
s ol 1107 E Wi o], FA 59 712421 Hlo]
HE S5t 244K BESIRIH ol AlEe F IF
o0& o] 3 2 B 7] 9o vRdEe
2 AR 9 84E 245kl (groupl) B 1F2 WA
Hog AgE £Yst%thgroup2). FAE 1/100 A
o] AER AAm Sgskia, dojet =2 0.02
mm FUE9] Hyo] AgHA(Mitutoyo, Japan)s A
&3to] A5G FolE 7197 98l dFrlE IR
YR 20 ARSHE AA5IoH 24417 23S &
A7) 9l AuEl =2 &E FhHlEK(internet protocol
camera, [P7H2h) T HE AMSH 2 Ao AX|st
At =0 AREH  IP7HIRKNTI-300MiniZoom,
NETCURY Technology Inc., Korea)= CMOSIAMAl
AME ARgshH 2008t BR4,  HiSidEE 1920
x 1080(FHD), 7Mdlg} A ¥Y&EE= 25fpsframe per
second)eltt. ZHEte QIEUT} AA=o] BE A7}
Koz & AJHo| LEDRY-Z AA|stltt. ARSH7F X
H 2 25(24~26C), FEG0~65%RH)E E75H
A7 98 7 2 AE71E dAskleH,

2.2 SHXNEIE 0|88t HiZ HA

7 ol RAUL FEsHA FH517] flsixle |
A o FiAeE v EE7E sttt B AFolAE
RGB Z&+& HSVY CIELABZ WH3sto] Fofzlg|of A
rollob BQlo] 2 o o JHA| 140l 8ot
RGBE red(F4), green(34), blue(3) oz H& -

Hsl= A rdo]r HSVE hue(MX), saturation(H
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%), value(8%), CIELAB+= L*(lightness), a*(3-%),
b* (- oE S HHsk= A Hdo|m 0 ~ 255 o
2 AL #1385 Stk Al FR79 L A4S QHIE
3 FFog Higt & wiAF AAE sl sIAEIHT
E8A(threshold value)& AXsIGITE. 71 Hol ARE-
ke A 2% W2 Otsu WHO R Thst Ao
AL E9om(11], I g% Maximum Entropy &2
Kapur-Sahoo-Wong ®¥H[12], 42 [13] 5°] Ut
oy HFCE AL ZEXE H wEge s 4
of G4l aA7F AAY AZ A wiAEE 0. 7HHE
19] Fog oAl 9 0|3t FA2 E-8sto] v &

g S

23 SHE 25 ¥ 2N B4 YnBlE

AFE v 2opollA EA™S 3] o Eol A
H1 Qe 2AE A& €118E&2 Shi-Tomasi €]
FoltH14l. o] &L IFgkleigenvalue)= 715t
o2 3 EXAY A& ¢1gEQ Harris 248 & ¢

&S uio g HyE Aotk dAdolA didy
BAZE A& YoiMe RAUCE HAd FEY
3kagt Y olu|R] T4 ZJolF ARERI o]F ARt 4=
A= A5 3T 4r(auto-correlation function)E
Eq. (DE #ASH.

Eluw) = 3,2 w(zy) [z +uy+v) = Lzy) (1)

=y
where, £ is sum of square of distance difference
between original image and moved image, U is
distance in x-direction, v is distance in
y-direction, W is weight value, ](aH—u,y—H}) is
intensity of the moved image, ](ac,y) is intensity

of the original image.
Eq. (D= ©% 71ds] £ESHH Eq. (2)7F 7Hsoltt

U
Elu,v) =~ [uv}A(U) 2
r Ll
where, 4 is ¥, Zw(z,y) ]j[u [1/4
DAY A& thgat 2ol AL 5= ItHEq. (3)).
R=min(\,\,) (3)

where, Ajand A, are eigenvalues of A, R is

detected corners.

Z(ERAE 7HETH14].

£ AolA BAE HEZ o AR8SE Shi-Tomasi
YEL ELAE FUNE A olBHzQl
OpenCV(http://opencv.org)olA  AZsH= <0l
goodFeaturesToTrack$HS AF&3Ftt o|u AR&SH
QA= 4701, Z+2te] A4 7E2 maxConer+ 100
7N, qualitylevel 0.3, H4& AZs 7, £ AO|ZE
72 AR5t 44€ 249 7i4(maxConer) 9 A
&t olnA9 Aol we} 55 BAY ek
Erizil=g

olgA F3Id RQ] WS Lucas-Kanade E1a&S
g8t F&517] YollA calcOpticalFLowPyrLK &
TE ARSI o] e & 11719] IRE e &
Fom, Al 7Y ARE 1T = Y=l nextPrs,
status, error 59 #elth. ¥E BEolo] FH5l=
=YL HT QoA LAl F mE Y Ato]o] sk
BAUYZ Airsto] #skE 2L Tl 4|ZEWE
(shift vector)& AAFsto] ALE Ao Hojgrt

24 AL 95 Lucas-Kanade WS 28
5ttt Lucas-Kanade W& 0]&%t optical flows
Aol WS o239 Eq. (9T 2t
Lz,y.t) = (z+ Az, y+ Ay, t+At) )

where, At is time difference, Ax, Ay are
displaced position.
A G4 [PA s A (x, y)ol Azt tolA At7t A

O F g 97 (Aw, Ay)E AR S A, ol
7] AL AN AAe] 2AYS 24T 4 9
o}

ol A9 B Y F=4E AsliAe OpenCVe A
Al 34 APIQl TrackerMIL_create $+-8 ARESIITE
Y FHE 7H R Yehfr] oA FHHAS
AU A &5 4ol Foll B850l REHA A%
Hog 2ol o7 FFSFYULE Optical flows A+
|ol=t] 398 AA 2742 d&3%t T oA o
717} fAIE]ofof gtrh= Aot} FhHjzte] Z&lout
2 ANE FH51 ok B4 AE fAISHoF
gt F4o] 7h55t7] wEo|tH15].
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Fig. 2. Mosaic of images. (A) is original image of
silkworm larvae, (B) is Blue image of RGB
with Otsu algorithm (TH=221), (C) is Hue image
of HSB with Yen algorithm (TH=120), and (D) is
a* image of L*a*b* with Yen algorithm (TH=79).
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Fig. 3. Selected features using Shi-Tomasi algorithm
(A) and manually selected ones (B).
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Measured movement of sound silkworm larva
(A) and infected larva (B).
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Fig. 5. Violin boxplot of measured movement of sound
silkworm larva (A) and infected larva (B).
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