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1. ¥y 3% 47 Conveyor belt; 2. $4#f Baffle; 3. Y& Light source; 4.
#l Camera; 5. fifKk Fish body; 6. ¢ H {& J& 4§ Photoelectric sen-
sor; 7. G M4 Light box; 8. 115 L Computer; 9. ffi {4 B 4% # Fish
body turnover plate; 10. L4 Frame; 11. 37 34 1267417 I EHLF Verti-
cal conveyor belt clamping mechanism; 12. Y& 1% /& #% Grating sen-
sor; 13. #47] J1 %l Sectioning cutter shaft; 14. | 41] B i B HL Section-
ing DC motor; 15. #| VI [l £ JJ Sectioning cutter disc cutter; 16. ¥ #|
LI HLHL Cutting DC motor; 17. 25 #EHL L Stepper motor; 18. @1 I
F Magnetic switch; 19. 1 &5 il Slide cylinder; 20. B LA 7K J8 Mo-
tor bearing seat; 21. JJ#1[5 4% 7] Cutting disc knife; 22. fl iz L AL Ser-
vo motor; 23. 3. I HFHi %41 Vertical clamping conveyor belt.
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Fig.1 Structure diagram of head processing device of
Hypophthalmichthys molitrix
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Fig.2 Composition of head processing control system
of Hypophthalmichthys molitrix
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Fig.3 Computer software interface diagram
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Fig.4 Working flow chart of the head processing
device of Hypophthalmichthys molitrix
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Fig.5 Measurement schematic diagram of fish body size
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Fig.6 Fitting results of the relationship between body length and the position of ventral

fin root (A)and genital pore(B)
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Fig.7 Image processing process of fish body
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Fig.8 Schematic diagram of key points on fish surface
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segment MN is the ideal cutting path, and line segment M 'N is the
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R'and the N point of the sectioning disc cutter, mm.
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Fig.9 Schematic diagram of angle calculation
of stepper motor
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Fig.10 Servo motor speed diagram
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Table 1 Angle control accuracy verification test results

HARAEE/()

SEBRAE /() Actual angle

¥4 No Co/%
Target angle 0, 0, 0, 0, 0
1 11 11.3 11.7 12.1 11.4 10.2 5.59
2 12 11.6 124 13.5 12.7 12.3 4.93
3 13 12.8 12.7 13.2 12.0 13.3 3.60
4 14 14.2 14.4 13.8 13.4 14.2 2.56
5 15 14.7 14.5 16.2 15.3 15.6 4.03

14 Note : 0,~0553 314 5 0MAFHY L PR A2, () 5 Cy ) R A EEMAE 5 280, %0 0,— 05 mean actual angle of 5 times, respectively, ()5 Cy,

means variability coefficient of angle, %.
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Table 2 Test results of distance control accuracy verification

=2 H #7885 /mm SCPRIEES /mm Actual distance Col¥%
No. Target distance I3 A Ly A I
1 110 112.78 104.82 113.38 112.42 116.92 3.53
2 120 125.42 124.28 126.56 114.36 116.24 4.16
3 130 128.34 124.92 133.94 134.76 132.86 2.86
4 140 142.54 138.28 144.54 142.62 141.36 1.45
5 150 162.68 152.78 156.24 144.76 142.28 4.92

TE Note: £~ 53510 5 WA SEPRERES , mm s Cy, 78 B B 928

means variability coefficient of distance, %.

A
G| AR S
4 oA

—_—

A it R R4 5R4E Image acquisition of Hypophthalmichthys molitriz; B 14k3]%] Fish head cutting.
BE11 &#&mTideg

SRB, % [-1; mean actual distance of 5 times, respectively, (°); Cy,

i o
£7) - —

Fig.11 Processing test of the head of Hypophthalmichthys molitrix
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Fig.12 Fitting results of the actual horizontal distance from the snout of the fish to the upper(A),lower(B) cutting

point and the predicted horizontal distance
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Table 3 Verification results of the head cutting device of

Hypophthalmichthys molitrix

gy PPN e wammsbuins
Sample serial Cutting pAath Proc.essing Appear_ance score of
number detection time time fish head
1 0.047 13.12 0.89
2 0.060 13.54 0.87
3 0.056 13.63 0.91
4 0.062 13.82 0.86
5 0.071 13.76 0.87
6 0.050 13.18 0.90
7 0.056 13.26 0.91
8 0.061 13.65 0.88
9 0.067 13.64 0.85
10 0.056 13.23 0.83
11 0.041 12.81 0.90
12 0.057 12.84 0.92
13 0.060 12.89 0.90
14 0.047 12.93 0.89
15 0.041 12.89 0.87
¥4 Average 0.055 13.28 0.88
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Fig.13 Effect drawing of processing a section
of the head of Hypophthalmichthys molitrix
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Design and test of silver carp head processing device
based on machine vision

YANG Jun', WAN Peng"?, HUANG Yuyi',ZHU Ming"*, TAN Hequn'*, WU Wenjin’, DING Anzi’®

1.College of Engineering , Huazhong Agricultural University, Wuhan 430070, China;
2.Ministry of Agriculture and Rural Affairs Key Laboratory of Agricultural Equipment
in Mid-Lower Yangtze River, Wuhan 430070, China;
3.Institute of Agricultural Products Processing and Nuclear-Agricultural Technology,
Hubei Academy of Agricultural Sciences , Wuhan 430070, China

Abstract A silver carp head processing device was designed based on machine vision to solve prob-
lems including the lack of domestic freshwater fish head processing equipment and the low degree of mecha-
nization of fish head processing. This device is composed of a fish body conveying device, fish body image
acquisition device, fish body turnover part, vertical clamping conveyor belt, fish head cutting part, fish head
sectioning part ,device control system.The fish body image acquisition device obtains the fish body image on
the conveying device and calculates the fish head cutting path. The fish body enters the vertical clamping
conveyor belt through the fish body turnover part and moves forward under the action of the vertical clamp-
ing conveyor belt. When the fish body reaches the fish head cutting position, the vertical clamping conveyor
belt stops after adjusting the fish body position, the fish head cutting part cuts the fish body according to the
fish head cutting path and resets, and the vertical clamping conveyor belt drives the fish head forward. The
cut fish head is a section in half through the fish head sectioning part. The performance of the prototype was
tested with silver carp. The results showed that the determination coefficients of the linear fitting between
the actual horizontal distance from the upper cutting point and the lower cutting point and the predicted hori-
zontal distance after the fish head was cut were 0.911 and 0.985, with the root means square errors of 6.31
mm and 2.61 mm.The detection time of fish head cutting path, the processing time of fish head , and the ap-
pearance score of the fish head was (0.055%+0.009) s, (13.282£0.35) s, and 0.88+0.02, meeting the pro-
duction requirements of the silver carp head processing.It will provide new methods and equipment for the
industry of silver carp head processing and theoretical and methodological references for the automatic pro-
cessing of silver carp head.

Keywords silver carp (Hypophthalmichthys molitriz) ; fish head processing ; machine vision ; auto-

matic processing ; precise cutting; cutting path planning
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