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A Vision-based Pupa Grading Machine
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Abstract

Pupa sorting is one of the most important steps in canned Eri silkworm manufacturing. Traditionally, pupae
have been sorted manually, resulting in time-consuming and inconsistency. Therefore, the aim of this
research project is to construct a pupa sorting machine that can sort pupae into bad, small-sized, medium-
sized, and large-sized. This machine consists of a sorting and transporting mechanism and a machine vision
module. The mechanism transports pupae from a pupa hopper to the location of the machine vision module
using an inclined cleated belt conveyor. After the machine vision module completes performing the proposed
image processing algorithm, the mechanism takes that pupa to the corresponding container. The machine
vision module consists of a webcam and a lighting source. The Raspberry Pi single board computer is used
for image processing. The main features extracted in this project are size and color of pupae. The

experimental results showed that the actual capacity of the pupa sorting machine was 734.4 pupae/h, while
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the maximum capacity was 835.2 pupae/h. Thus, the singulation rate was 87.93% compared to the maximum

capacity. The average sorting accuracy was 5.54%.

Keywords: A sorting machine, Eri silkkworm pupae, conveyor belts, machine vision
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Table 1 Pupae graded based on length

Size Size Pupa Length (L)
Grade Description (mm)
1 Small 20<L<24
2 Medium 24 <L <28
3 Large 28<L <32

Figure 1 Pupae with different size, from right to

left: size grade 1, 2, and 3, respectively

Figure 2 Pupae considered bad pupae due to a

large dark area on the skin
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Figure 4
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Figure 3 Block diagram of main components

]

(b)
Figure 4 Design drawing showing (a) layout of
major components and (b) dimension

(side view)
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Figure 5 The constructed pupa grading machine
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Figure 7 Four pupa containers corresponding to

four grades of pupa sorting

MU gudTIng “uninnduumidmnaty Azl 127
The 12" Mahasarakham University Research Conference

. A A o A
Figure 8 WA AITAULNTTUITU T4
U32naual18nasd webcam LAZLARITILLES WIDY
nadnaavsnvauwatasnululwuasannniouanun

sumumiﬁﬂmumaaqmmﬁuﬁfu

Figure 8 The Machine vision module consisting of

a webcam and a lighting source
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Figure 9 Graphical user interface written by using
Qt running on the Raspberry Pi single

board computer

MRCH#12 “ 107



108 H MRC#12

MIUTUATINNg “UMNANENBUNMENTANNARY ATIR 127
The 12" Mahasarakham University Research Conference

=€

20
i

=€

=

da 'l

PYUADUNITAINWVDILATDIAALNLT U

(1) walaasTuaaNI IR lATURL YT

91N Photo Interrupter ﬁdé'lximlq@]a’mwm
(2) @TﬂLLﬁﬁagle‘Tﬂﬁaa Webcam azgnangnw
LLﬁaﬁﬂm‘sﬂizmamwLﬁiaizqmimm
anuaLaIINMTTUAN Y
(3) WaLABsTUMTHLA LTI UG nudAININTA
YOI NUATI NN NAZANRIINTI LN

navluduaaud (1)

Tudrn209n13U52 08 Ha AW FzuUisdn

St Aa MITTYBINA LLa:mﬁ:qﬁmwﬁﬁﬂ Tn

'
a

ﬁ]zLilJﬁ]']ﬂﬂ’]ﬁiZ‘qu‘ll%’](ﬂﬁa% I@ﬂﬁ"ﬂwu(il 2k

ke

o o '

(1) FNsaamMNanIzf@IwNanla wufa a2
Q- L4 dg s a
anue lasinunaaduiun
(2) ANAIWVNIFINNATNT (RGB) N le lap
AuduainInuding (Gray) warvinedu
AMTNTIIR1G18 @ threshold N1 220
P o vaa o A& @ a
aINANUARNTAST Ve NWURAILTUE
v o e o A o A o
977 usavnInauFe L duia faudn
8712

o

(3) finInnaa mqﬁﬁﬁruﬁl,ﬁﬂaanvlﬂmn
nw

(4) 1% 0 Minimum Bounding Box (MBB)
wazldA21u8121189 MBB UnwAa812
YDIANLLG

(5) ¥mIudasniieann pixel 1w Jadiuas
w%aw%s:qi:@”ummm'm Table 1 119N
anue Juwnaaniinld wialwgiiiuly as

sziluinsa 0

@108191%% Figure 10 WRAIHAT bAAN

& @ = o
mu@auﬂﬂiﬂizulawaﬂﬁwmﬂd@u SUGNQQWE ﬁa

\N3@ Wiy 3

Juaanda bl Ao NIEIANLALNTA 1-3 W1

a € o v A A v o4 A &
'JLﬂi'lz‘ﬁ'J']L'ij%@ﬂLL@]Lﬁﬁﬁia‘lw PISNVUAD W

(1) FmsaamwanizaIuianlas suda a1

o o ol Y a

anud lagiNurasduwgunn

(2) %W E (RGB) Nl anvinduaiwlnus
W1 (Gray) LRITNNNIRALRRBVRI INUE
W BEINALRALYad InuRISAEInIn

s mua b dednduanudids lainsa

@
0

(b)

Figure 10 An example of how to extract

information from pupa samples: (a) an
origin image, (b) a segmented image

with @ minimum bounding box
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Figure 11 The resulting image after being
processed
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Table 2 Comparison results between pupa length measured by using Vernier Caliper and pupa length

measured through image processing techniques.

Grade 1 Grade 2 Grade 3 Grade 0
Vernier The Vernier The Vernier The Vernier The Average
No Caliper proposed Caliper proposed Caliper proposed Caliper proposed Gray
methods methods methods methods
1 22.2 22.5 26.7 27.0 31.2 31.8 22.2 22.7 97.6
2 21.5 22.8 27.3 27.7 30.3 30.7 22.2 22.7 95.3
3 22.5 231 246 252 30.1 30.6 251 24.4 96.4
4 235 23.8 26.4 26.9 28.2 28.8 30.2 30.8 98.7
5 225 229 25.8 26.2 294 30.2 17.5 17.8 -
6 23.2 23.9 26.7 27.3 294 30.2 18.2 18.8 -
7 21.8 22.6 26.2 26.8 30.0 30.5 19.6 20.1 -
8 225 23.2 26.8 27.4 30.1 30.8 18.8 19.3 -
9 227 234 247 25.8 29.5 30.2 19.7 20.2 -
10 23.6 239 255 26.3 28.2 28.9 27.0 27.7 96.0
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Table 3 The accuracy of the sorting and

transporting mechanism

No Grade No.

No. of %
1 2 3 0 false Error

grading
1 25 31 31 28 5 417
2 28 30 30 28 8 6.45
3 26 31 27 29 7 5.83
4 31 28 25 31 6 4.96
5 26 27 28 38 8 6.30
Average 5.54

Table 4 Singulation rate of the sorting and

transporting mechanism

No No. of  Maximum  Singulation
Pupae No. of Rate (%)
Pupae

1 120 136 88.24

2 124 152 81.58

3 120 130 92.31

4 121 138 87.68

5 127 140 90.71

Average 122.4 139.2 87.93
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