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A Sorting Machine for Eri Silkworm Pupae Based on Machine Vision
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Abstract

At present, the demand of flavored canned Eri silkworm pupae (Samia ricini) grows increasingly. Like other food
products, quality consistency and size uniformity are necessary. Thus, size sorting for pupae is an essential operation
and it can also ease time setting for frying and drying processes of making canned pupae. Currently, pupae are
manually sorted. It is very time-consuming and non-consistent. Therefore, the aim of this research project is to build
a sorting machine that can sort pupae according to their size. It consists of a machine vision unit and a sorting
mechanism. The machine vision unit captures an image of pupae and then the algorithm based on image analysis is
executed to categorize pupae into 5 size grades, i.e., very small, small, medium, large, and very large. Next, the
machine vision unit sends the location and the size grade of each pupa to the sorting mechanism consisting of a
delta robot and a vacuum suction head in order to sort pupae. Experimental results show that the machine vision unit
determined the location and the grade number of each pupa correctly, while the accuracy of the sorting mechanism
was 44.4%. However, this prototype can be further developed in the future so that it can be used to replace human

operators, to increase accuracy and to reduce soring time.
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Figure 1 Pupae with different size, from left to right:
33.2 mm, 31.3 mm, 24.1 mm, 20.1 mm and
18.4 mm
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Table 1 Pupae graded based on length

Size Size Description Pupa Length (L)
Grade (mm)

1 very small L<20

2 Small 20<L£24

3 Medium 24 <L£28

4 Large 28 <L£32

5 very large L > 32
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Figure 2 The delta robot
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Figure 3  The parameter determination of (91,492,93) and
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Figure 4 Intersection of a sphere with the origin of
point E1 and radius r and YZ plane is a
circle with the origin of point E and radius
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Figure 5 The intersection point on the YZ plane’
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Figure 6 Block diagram of main components
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Figure7  An example of how to extract information
from pupa samples: (a) an origin image, (b)
a segmented image processed by pre-
processing and segmentation operations, (b)
a resulting image after morphological opera-
tions are performed, (d) x, y where x is the

pupa number and vy is the size grade
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_22.50 mm, $2.50 mm.

(b)

Figure 8  SolidWorks design drawing showing the
dimension of the delta robot: (a) side view,
(b) bottom view
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Figure 9 The resulting image after being processed

WIRC#]] | nMsUsunINMS “UHSNeNdaumnasmuIie aSif 11
MR ) S
e The 11" Mahasarakham University Research Conference

LﬁaﬁwﬁagaﬂﬁmnmsﬂszmamwLLazms’T@
) v o A & & ¢ A = =
Puraanuaalglashatanatides tNatdIsunauang
ONAaIr0INTINATTzNAKNAM WA LALD |@aes Table
2 T9inlad JeNnsAsINwIIN

NINAFDUNITAALLNANLA
Lﬁa“ﬂ@E‘Tﬂllﬂ"li'ﬁ?x‘]']%‘llaﬁ“q@ﬂﬂvlﬂﬁ@l,l,{lﬂ“ﬂ%']ﬂ

o

anud dnuddtuan 500 @ lagnudadureg az 20 @
INUIUNIANA 25 79 nmInagaulaumMIusIwInenue

'
[ [ =]

NondausnauIEILIANgNdad Falaun 1NN, Lan,

U

D.

nang, wg uae Twgjann wasiuswaudnudidauonlsl
andad %ﬁLﬁ@%uvl@‘i’LunitﬁﬁmﬂavlﬂﬁmLumvl,ajmmm@@
Juanuale waz mtﬁﬁﬁuauﬁmaﬁwm?z"auﬁvlﬂvlaimaﬁu
FURIIG UG RTINITAAUEN Nan1InaFouLdwe
Table 3

Table 2 Comparison results between pupa length measured
by using Vernier Caliper and pupa length measured

through image processing techniques.

Pupa Length (mm)

No Vernier Caliper The proposed methods
1 25.0 252
2 245 24.8
3 20.1 20.2
4 25.0 252
5 215 21.7
6 221 21.3
7 225 22.8
8 26.0 26.1
9 23.1 23.2
10 28.2 28.3
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Table 3 The accuracy of the sorting mechanisms

Set Number of Pupae moved to the Number of

No correct container pupae remained
1 2 3 4 5
1 0 2 7 1 1 9
2 0 2 6 0 0 12
3 1 2 4 1 0 12
4 1 0 5 1 0 13
5 0 0 9 3 0 8
6 0 1 4 2 2 11
7 0 0 5 7 0 8
8 2 1 4 0 1 12
9 0 0 4 2 0 14
10 0 1 4 0 1 14
11 1 2 4 0 2 11
12 0 2 3 1 3 11
13 0 2 5 1 0 12
14 1 2 4 0 4 9
15 0 3 5 0 0 12
16 0 2 3 1 0 14
17 1 3 2 0 0 14
18 2 2 1 0 1 14
19 1 3 4 0 0 12
20 0 2 3 0 2 13
21 2 3 4 1 0 10
22 0 6 2 4 2 6
23 3 1 3 2 0 11
24 0 4 1 4 2 9
25 2 2 6 2 1 7
Average 11.12
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