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1. EORHE Feed chute; 2. — 2% 4} Primary conveyor belt; 3.4
#2 Baffles; 4. 24 i% i Secondary conveyor belts; 5. Y6 HiLf&Z & 4%
Photoelectric sensors; 6.1 5K ELH#EFF No. 1 cylinder actuators; 7.
HL Camera; 8.2 5 ELHEFT No.2 cylinder actuators; 9.3 5 HFLIEFF
No.3 cylinder actuators; 10. FBR{7#z Upper limit plate; 11. FBRAZ
i Lower limit plate; 12.W I W-slide.
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Fig.1 Schematic diagram of the structure of the
fish orientation device
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1. BRAZ M Limit plates; 2. 44z Baffles; 3. 24T Screw rods; 4. frl il
i1, L Servo motors; 5. HLZE Racks; 6. & £ 20§ 1% 7 Turf pattern
conveyor belts.
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Fig.2 Fish separating device
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1. #6717 Conveyor belts; 2. Y6 Light source; 3. Tl AH#L Indus-

trial cameras.
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Fig.3 Image acquisition device
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Fig.4 Ventral-dorsal orientation device
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Tablel Hardware selection and parameters
#: Hardware 1445 Model I SN
Main parameters
] G R il A Arduino R3  JFH:
Programmable controller UNO Switching 12 A 12
HOLx e I E3F-20C1 LB
Laser-to-sensor Sensing distance 10 ~ 20 m
HL 1 R UE
4V210-08
Solenoid valves Rated voltage 24 V
J7ZX-22F(D)/  #UEHIE
4 Relays
L3 Relays 27 Rated voltage 24 V
Z L DQE-FF02-  #iE)#
Air compressors 1824 Power rating 750 W
ST Cylinders TN20X50-S  #£77 Thrust 0.5 MPa
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Fig.5 Hardware connection diagram

of the control system
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Table 2 Fish posture data set

el Bl 25 FEAK FEA BB
" Dataset Number of Total number of

Data set .

categories sample sample
H][Ez S 3B Head; 1800 4600
Training set FE#8 Tail 1 800
SUELE 38 Head; 600 1200
Validation set FEH Tail 600
i 3.3 Head; 600

. 1200

Test set JE i Tail 600

A BRI #8891 | Tail facing forward and back facing up; B: Sk #FE T #5%W] I Head facing forward and back facing up; C: & &8I HT
JiE &R 5 I Tail facing forward and belly facing up; D k& i #8 51 I Head facing forward and belly facing up; E: FB# Tail; F:3k# Head.
E6 &EFEEGRRE
Fig.6 Fish image capture

2)%F Resnet-18 fyfafA sk B sl U0 . M T
1L 55 (14 oAl 43 25 P 2% | Resnet 3 32 5 | A 5% 25 B¢ He fif
PTR JITR S BURFAE 25 4% SR I 5 1R 0 A R R EK
B AR A S I 2 LA 1) A R B AT, T T 2
G RN N R [N E RS A S B
R A T S TR AR 92 9 45 A5 0 A R mT
Fir AU & . L, AT 5 i B ok 22 I 465 &5 g o
B SRR D B Resnet-18 #5284 S A Sk 35 F
BB 43 ZEABE AL | DA T 7 2 5 v o 1 3 ) (] B 4
FrorIE KR B . ASWFSE i ] 22448 38 X 224184 %
R E R Resnet-18 B AV A o 1 et &1 ifE 47
B B R /IN R TX T, BB 64, 8005 o
BN ReLU, K 2, 44k 5 15 2111 56 X 56 X 64

FRIE A A B — R 5 H 5% 22 socHerh Hrp L dE 84~
3X3MFRZE T, B B W B = 43 ) hy 64,128,256,
512,18 3 K/IN R 7X 7 X512 BIARHAE A, B4R
X A AR S S — 4EREAE . DR AR AR R R
1X1X512, %% )55 A2 4% 422 Fe, 55 H Softmax
GRS 21250 Xk AR, DT 45 HE A 2R
VIlERE A

Resnet-18 7E il {1 fa 43k R 5 1] 43 28 B s 4
AT SR, BT AFE 1T I8 « 25T Python3 4
R S MY Tensorflow2 TR B 2 S HEZRL  BAE RGN
Windows10 64 fii %l it , CPU 2y AMD Ryzen R5
1400, GPU 2 W ££ 4GB ) NVIDIA i K (GTX1050
Ti) , BRI & 4 Anaconda3 ,PyCharm, 7F 57



212

LS N AN S o ¢

S

Yt B e 8 Adam (AL 25X R gEA 704k, 90 4R
24 ) Bk 0.001, s 0.9, AU FE I A 0.000 1,

0.5r
—— 1% 4E Training set
0.4F --- EGE4E Validation set
E
5 03
7
3
0.2
o |
K I
B ot
0.0- W
1 1 1 1 ]
0 10 20 30 40 50

HEARIKEL Epoch

RN 16, KRB 50 YILRES WA 7 Brs o
W2 R A B uE AR B U HERR < 99.5 %0

100F
- 3 s s
g 05 — | 2tk Training set
2 "‘ --- BF4E Validation set
<0 I
8 90F
g
& 85H

80"

0 020 30 40 30

HEARIKEL Epoch

B 7 Resnet-18RKEFETHRMH L
Fig.7 Resnet-18 loss value and accuracy curve
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A JFIR E 14 Original image; B : =i Gaussian filtering; C: $2HUJ7 [a] Extraction of directional gradients; D : —{fk Binarization; E:J&
A 2403 Morphological processing; F : 4% H 45X 3 Splitting the target area; G: #{HH 5 X1 Interception of the target area; H: JKJE L G

rayscale; I: F% %] 53 Meshing.

8 BEBaERER

Fig.8 Image processing flow chart
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Fig.9 Comparison of gray values on the ventral

JKIEAE Grayscale value
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and dorsal sides of the fish
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Table 3 Results of fish head-to-tail orientation tests

PO/ %

SE 1] 3 R/ %

S| e . RV [H] /s PRI A] /s
Identification Adjustment . IR o
Items Algorithm recognition time Sorting time
success rate success rate
SR
K [ 93.3 100.0 0.042 3.48
Head and tail identification
T
ol 100.0 100.0 0.034 3.97

Ventral and dorsal identification

3 9t i
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Design and experiment of a mackerel orientation

device based on machine vision

Al Zhengmao', TAN Hequn"?, WAN Peng'

1.College of Engineering , Huazhong Agricultural University/Ministry of Agriculture and Rural
Affairs Key Laboratory of Agricultural Equipment in Mid-Lower Yangtze River, Wuhan 430070, China;
2.Engineering Research Center of Green Development for Conventional Aquatic Biological Industry in the
Yangtze River Economic Belt Ministry of Education, Wuhan 430070, China

Abstract In the process of automatically processing fish body , fish body orientation and sorting is the
basis of pretreating fish body. In this article, a machine vision-based fish body orientation and sorting device
was designed to solve the problems of noisy working environment and poor working stability of fish orienta-
tion and sorting devices existed. The convolutional neural network Resnet-18 was used to identify the head
and tail orientation of the fish, and the image processing method was used to extract the outline of the fish
body and perform grid division, then the ventral and dorsal orientation of the fish was judged by comparing
the size of the grey scale value. When the tail of the fish was detected to be facing forward, the cylinder
pushed it out and rejected it to achieve the head and tail orientation of the fish. When the head of the fish
was facing forward, the ventral and dorsal orientation of the fish was judged by the image processing, and
then the cylinder pushed it to the edge of the limit plate to bring its belly against the edge, and it fell into
the W-shaped chute device under the action of inertia to complete the ventral and dorsal orientation of the
fish. The results showed that the success rate of fish orientation was 93.3%. The average recognition time
of the algorithm was 0.038 s, and the average orientation time of each fish was 3.725 s. Theoretically, the
efficiency of fish orientation can reach 15-16 fish/min, which meets the production requirements of fish ori-
entation. It will provide useful references for the application of fish orientation and machine vision in fishery
production.

Keywords Scomber japonicus ; orientation and sorting ; machine vision ; deep learning ; image process-

ing ; fish processing
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