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Fig.l Schematic diagram of the morphological characteristics of
Channa argus
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Table 1  Test results of the morphological characteristics of
Channa argus
TiH HR/ME I=IN: FHME
Item Minimum value Maximum value Average value

A+ Body length/mm 353.0 432.8 386.4
i Abdomen length/mm 247.4 318.8 276.7
3k Head length/mm 82.5 109.6 90.8
A Body height/mm 54.8 7.7 64.4
)= Body thickness/mm 42.4 64.6 49.6
R J5i # Weight/g 603.1 1080.8 752.3
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1. Fishtail clamping device 2. Cutting device 3. Skin and flesh separating device
4. Peeling device 5. Fish head clamping device
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Fig.2 Schematic diagram of the whole-skin peeling device of
Channa argus
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Table 2 Main technical parameters of the whole-skin peeling
device of Channa argus

TiH ZH

Item Parameters
k& Power dissipation/W 500
FLYR R Supply voltage/V 220

FHLJSF Overall dimensions/mm>mmxmm
BB RSF Processing size/mm

1200x750x750
300~500
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1. Stepping motor 2. Gill hook 3. Horizontal sliding table 4. Parallel pneumatic
gripper
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b. Fishtail clamping device
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Fig.3 Clamping device
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D, Fishtail clamping device
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Note: D, is the initial distance between the fish head clamping device and the
fishtail clamping device, mm; D, is the travel distance of the horizontal sliding
table, mm.
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Fig.4 Diagram of Channa argus clamping

MR 2 8T A R AR WU & 25 R b AR K B, S Ak
KB /IME Bpn N 353.0 mm, KK i KAH B N 432.8
mm, B (1) HEGEXZEEHWHER, I
RERES D, BB N 300 mm, AN G1TFE D, WEE N 200
mm, FERAFY ] IHF A ARRKIE Y 300~500 mm, i
JEFFRI B S 8RR BR

L 5356 e UR 2 i R A LAY TP AT B R T
MIIFE AR, BT T SR RBUP 2.
R BRI S BV N, SRR R/D = R EUE LS
g B RAEME RSB . AORIE A B E g, o
L8 R AT 2 . BEFPUE RS, BRESE T,
5 8 AR £ 2 B TR S (12 6 fm AR A T EDIR S,
R FNAER T RERR D PIRIER . VIEE
I~ 508 TIHE D) K R AR TFHr JI s o A B Pl
JIRE AT, IS BT SR, WEIFHIL 25N,
WS B I N IAFE I8 € [P M e Ko AT S Bh I I A
L BB, 2 1k R 5 fs.

REFip 1R, mE S el a, ol el
HHGE R AR A AR RS IS, S8R
TR L

fi> Fr (2)
Horpr:
Ji =2uFg
Fr= JF;P+G3 (3)
G, =0.5m,. 8

A p Ayt RAE AR 1B R MG f, AR S
Fe R Z R W EERE TT, Ni Fp AT W AR 775 N
G, NERERHZEMES, Ny F, NF, 5 G &7,
N; Fo AR JINEIIEFE T Ny my NS BT K

8, kg: g NEIIMEE, m/is.

T GONERREITZEINE ), Ny f @ RERIE S RN 8 D),
N; Fo AR RINHIREE 1, Ny Fp TR IIHIRAER J1, Ny Fr 9 Fp
5 G &1, No

Note: G, is the gravitational force on the fish body, N; f is the friction force
between the fishtail and the gripper, N; Fj; is the clamping force of each gripper,
N; Fp is the reaction force of pre-tension force, N; F is the resultant force of Fp
and G,, N.
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Fig.5 Force diagram of the parallel pneumatic gripper on fishtail
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1. Cutting disc 2. Cutting disc rest 3. DC brush motor 4. Stepping motor
5. Horizontal sliding table 6. Longitudinal sliding table
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Fig.6 Cutting device
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1. Longitudinal cylinder slide 2. Horizontal cylinder slide 3. Special shape
separator 4. Horizontal sliding table 5. Longitudinal sliding table
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Fig.7 Skin and flesh separating device
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Note: F is the thrust exerted by the horizontal cylinder slide on the special shape
separator, N; F, is the resistance of the special shape separator while puncturing
the fat layer.
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Fig.8 Force diagram of the special shape separator
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Note: F, is the thrust exerted by the cylinder piston rod on the fish skin, N; F, is
the reaction force of the upper splint on fish skin, N; Fj is the resistance of the
fish skin during the peeling process, N; f; is the is the friction force between the
fish skin and the upper splint and lower splint, N.
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Fig.10 Force diagram of the fish skin during the peeling process
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Detection of pectoral fin position

KRS HEAY R A S
Projecting the path reference line onto
the 3D point cloud model

RIS HL

The acquisition of trajectory parameters

L g 2. BRAES B L 3. LA B MR AR A B 4. SRV k4%
1. Pectoral fin 2. Path reference line 3. The initial position of the skin and flesh
separating and peeling path 4. The path of circular neck cutting

B 12 ssis BAM BRI AR EAK T FE
Fig.12 Diagram of pectoral fin position detection and path
trajectory planning
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Extraction of cloacal aperture point cloud

and determination of pre-cutting line . .
. 4

SR TR ) AR
Obtaining the path trajectory of the
transverse abdominal cutting

|

A

LB AL 2. TROIRILE 3. JEERE D)k 12
1. Cloacal aperture 2. Pre-cutting line 3. The path of the transverse abdominal
cutting

B 13 AL BAS N RS AR T T B
Fig.13 Diagram of cloacal aperture position detection and path
trajectory planning
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Fig.14 Triangulation model building process
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. - _Control &

A BRI Bt HL
Stepping motor Travel mechanism
control boards stepping motors

USBH: [
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serial port PWM Control N \/
vie@ \‘)j = Y

AL Sm3AEHIB AR BATHU LR AL
Upper Stm32 controller DC motor Actuator DC motor
computer control board

0/5V DC

% pt

g e W g

- BATHURChT
A HL 2% R AL Actuator cylinders
Relay Solenoid valves
e 0/5V DC R HLEz i 4k i & A% FE T A B 5 0/24V DC 9 LR )
FETARRE S TARRE T fbrvfE L {E .
Note: 0/5V DC is the magnitude of the low and high level voltage when the

microcontroller controls the realy; 0/24V DC is the standard voltage magnitude
of the solenoid valve in non-working state and working state.
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Fig.15 Overall composition of control system
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1. Air source 2. Filter 3. Pressure regulating valve 4. Barometer 5. Solenoid
directional valve of gripper cylinder 6. Solenoid directional valve of horizontal
slide cylinder 7. Solenoid directional valve of longitudinal cylinder slide 8.
Solenoid directional valve of double rod double shaft cylinder 9. Gripper
cylinder 10. Horizontal slide cylinder 11. Throttle 12. Longitudinal cylinder slide
13. Double rod double shaft cylinder

T A1 IRV URL AL 1) R DN 2R P s A2 Dy I TR AL A 4 1) A 0
Zil; BI ANEN G U R WA M2 B2 ANE N &R
Hela) (@47 2508 C1 AR E I & L AR n) 1 2e 2k Pl . C2 AR E
B SURL FEL R 1) IR A DN 22 B DY Ay XU R L E R e 1) I e 0 2% P
D2 Ay RGO PR A ) IR A I 2

Note: Al is the left coil of solenoid directional valve of gripper cylinder; A2 is
the right coil of solenoid directional valve of gripper cylinder; B1 is the left coil
of solenoid directional valve of horizontal slide cylinder; B2 is the right coil of
solenoid directional valve of horizontal slide cylinder; C1 is the left coil of
solenoid directional valve of longitudinal cylinder slide; C2 is the right coil of
solenoid directional valve of longitudinal cylinder slide; D1 is the left coil of
solenoid directional valve of double rod double shaft cylinder; D2 is the right
coil of solenoid directional valve of double rod double shaft cylinder.
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Fig.16 Gas diagram of control system
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b. Transverse abdominal cutting
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d. peeling off the whole skin
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c. Skin and flesh separating
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e. Overall device diagram
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Fig.18 Prototype performance test
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f. Channa argus skin after peeling
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Table 3 Test results

H g5 FHME
Items Range of results  Average value
R A R B —
Duration of skin peeling for each fish/s 1727195 183
i1 j R _
Fish skin peeling rate/% 93.10795.70 94.60
BRI B R _
Skin and flesh separating index 9-9179.98 9.93
0 R
g 5.00~10.00 625

Breakage rate of fish skin/%

6 &
D BATHT T SR L, Bl T SR g


http://www.tcsae.org

1 B RE:

BT =R MR 0 R R R RGBS

109

AR o 2 LR TS g 01 2 i 1) 5 B0 AT B2 1A 3
B UIEIR B SRR ) IR, R
BER T ML RGN T SEEHE SRS, &
RS T — S — AT, R ORORSHER R .

2) DIFEHL R AR K, R R A
TEHOU 8 R AR AR R BENLPE REHEAT 20 . REHL A
R B P IE N 183 s, FIHURTIIME N 94.60%,
BRI BT ECTHME N 9.93, BB A T B 6.25%
B G0 R B R ST SRS e DU (R R
ek

3) G FE R P 2 I B L L R BT e
1+ DIENREZEZH R BON R, RFBIEH X R
FIBCR L B2 A7 B 4 St B R i i — b
B 5 W B R R R G R BRSO, SRR a e e
i R Rz SR 88 L AR S S B s Bt — B T J iR it 7

(& £ x W]
(17 R AR R IR EAR KSR TL[D]. T35 IH TR K,

2013.
TAN Ying. The Research on the Artistic Development of
Hoche Fishskin Dress Adornment[D].
University, 2013. (in Chinese with English abstract)

[2] Ebesk. BAEISNMRIFIEBIT: RN ELEF AL DA%
SWNEIRBIZT]. FEAK, 2020, 512(20): 47-49.

(3] ZRULAR, Xgate, T2, S5 KA B R T E
VW] BRVPERHEOR 2244, 1992, 23(4): 23-27.
WEI Shilin, LIU Zhenhua, WANG Xuechuan, et al. Study of

the technology of leather manufacture for marine flaky fish

Suzhou: Soochow

skin[J]. Journal of Shaanxi University of Science & Technology,
1992, 23(4): 23-27. (in Chinese with English abstract)

(41 X7, PhEGC, e, S JREZK IR IR
0] B0 ()], R K=, 2017, (12): 36-39.

[5] WKRBAZAS, Vo, Mmefh, 5. /K7™ o % & w70 5 B
WRE RGN IR, 2017, 44(5): 73-78.
OUYANG lie, SHEN lJian, ZHENG Xiaoweli, et al. Research

and application status and development tendency of aquatic

products  products  processing equipment[J].  Fishery
Modernization, 2017, 44(5): 73-78. (in Chinese with English
abstract)

[6] JHERR, #ag, EIMIW. REK SN TR SRS K

JE S [T]. WZERTFE, 2018, 32(2): 71-76.
ZHOU Deqing, YANG Niangin, WANG Shansha. Current
situation and development strategy of aquatic products
processing and trade in China[J]. Meat Research, 2018, 32(2):
71-76. (in Chinese with English abstract)

(71 FEEAR, 77, REEM, &5 gk s R 2% s
ZHAMRAL S IRI[T]. O TFES4R, 2012, 28(20): 88-94.
CHENG Shijun, ZONG Li, XIONG Shanbo, et al. Parameter
optimization and test of continuous spring brush scaling
machine for freshwater fish[J]. Transactions of the Chinese

Society of Agricultural Engineering (Transactions of the CSAE),

(8]

(10]

(11]

[12]

[13]

(14]

[13]

[16]

2012, 28(20): 88-94. (in Chinese with English abstract)

skE, OIMN, 5. PAERYIIN TR E RN 512172
A LRIE W], LM TR, 2021, 37(13): 46-54.
ZHANG Chao, HUANG Jianbin, CHENG Fang. Monitoring of
feeding rate and online control of parameters in primary
processing of Tilapia[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2021,
37(13): 46-54. (in Chinese with English abstract)

BIBESE, WRPCA, VR A3 f I n A 0 T B AR
WARIE[I]. Ak TFE=4R, 2014, 30(12): 270-277.

HU Xiaoliang, CHEN Qingyu, SHEN Jian. Optimization of
slitting cutters used for gutting Trachurus japonicus[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2014, 30(12): 270-277.
(in Chinese with English abstract)

AGEEV O V, DOWGIALLO A, STERCZYNSKA M, et al.
Experimental characterization and theoretical modeling of
fracture and friction resistance forces during tuna cutting[J].
Journal of Food Engineering, 2021, 307: 110648.

FU J, HE Y, CHENG F. Intelligent cutting in fish processing:
Efficient, high-quality, and safe production of fish products[J].
Food and Bioprocess Technology, 2023, 1-22.

AZARMDEL H, MOHTASEBI S S, JAFARY A, et al. Design
and simulation of a vision-based automatic trout fish-
processing robot[J]. Applied Sciences, 2021, 11(12): 5602.
PRECAY, TRk, BREHAS, 5. SRy /N e b 2 i
B0, Al TARER, 2013, 29(20): 278-285.

CHEN Qingyu, SHEN lJian, OUYANG lJie, et al. Experiment
of mechanized gutting for typical small marine fish[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2013, 29(20): 278-285.
(in Chinese with English abstract)

AT, EESHE. SRR RIS A R T[I). K
A TFEZEAR, 2008, 24(4): 44-48.

ZHU Guo, TAN Hequn. Finite element analysis of loaded
silver carp in fish shearing machine clips[J]. Transactions of
the Chinese Society of Agricultural Engineering (Transactions
of the CSAE), 2008, 24(4): 44-48. (in Chinese with English
abstract)

TilG, SEEREL VESR, AF.FETHLASALGC R A E [
Hep e s Bl 5RIG[0]. ARk TR, 2023, 39(14):
271-282.

WAN Peng, HUANG Yuyi, WANG Rong, et al. Design and
experiments of the machine vision-based body orientation
arrangement convey device for the Scomber japonicus[J].
of the Society of Agricultural
Engineering (Transactions of the CSAE), 2023, 39(14): 271-282.
(in Chinese with English abstract)

AZARMDEL H, MOHTASEBI S S, JAFARI A, et al

Developing an orientation and cutting point determination

Transactions Chinese

algorithm for a trout fish processing system using machine


https://doi.org/10.11975/j.issn.1002-6819.2021.13.006
https://doi.org/10.11975/j.issn.1002-6819.2021.13.006
https://doi.org/10.11975/j.issn.1002-6819.2021.13.006
https://doi.org/10.3969/j.issn.1002-6819.2014.12.034
https://doi.org/10.3969/j.issn.1002-6819.2014.12.034
https://doi.org/10.3969/j.issn.1002-6819.2014.12.034
https://doi.org/10.1016/j.jfoodeng.2021.110648
https://doi.org/10.3390/app11125602
https://doi.org/10.3969/j.issn.1002-6819.2013.20.036
https://doi.org/10.3969/j.issn.1002-6819.2013.20.036
https://doi.org/10.3969/j.issn.1002-6819.2013.20.036
https://doi.org/10.11975/j.issn.1002-6819.202304120
https://doi.org/10.11975/j.issn.1002-6819.202304120
https://doi.org/10.11975/j.issn.1002-6819.202304120

110

Flk T2 (http://www.tcsae.org)

2024 4

[17]
(18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

vision[J]. Computers and Electronics in Agriculture, 2019, 162:
613-629.

FE s, A shFfEHL: CN202918943U[P]. 2013-05-08.

BE . — M oEER OB MR A L
CN205585211U[P]. 2016-09-21.

AERENUIG. SL a2t R L/ B L (R D YP-
50GS[Z/OL].http: //shh288.com/html/product/detail/560.html,
2022-03-13

RG] BACHUB T T AL Sl kit (58
20 M. Abg: e Tkt pikE, 20200 202-205.

JiMg, W=, MR, . BOKEKFEE RS LR E
BIETTAD] AL TR, 2021, 37(4): 40-48.

WAN Peng, GUO Sanqin, YANG Jun, et al. Horizontal
reciprocating vibration method for head-to-tail directional
transportation of fresh water fish[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2021, 37(4): 40-48. (in Chinese with English
abstract)

LN, FEME, A, 5 ERUFXERRCR R E )
TH5RLE ] folk TR, 2021, 37(23): 1-9.

KONG Fanting, WANG Defu, SHI Lei, et al. Design and
experiment of disc-cutting picking device of castor[J].
of the Society of Agricultural
Engineering (Transactions of the CSAE), 2021, 37(23): 1-9. (in
Chinese with English abstract)

A, BIRR, M BaBERERGEVIRJIHE TE
ZHRMNE R[] R TR, 2023, 39(5): 249-255.
ZHAO Mingyan, ZHAI Xiaodong, LIN Min. Optimization and

test of the working parameters of the cutting disc for the whole-

Transactions Chinese

skin peeling system of snakehead[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2023, 39(5): 249-255. (in Chinese with English
abstract)

Byar . BT (38 7 MO (M. dbst:
fikt, 2020: 147-149.

WELLENS H L L, HOSKENS H, CLAES P, et al. Three-

dimensional

R SGEE

facial capture using a  custom-built
photogrammetry setup: Design, performance, and cost[J].
American Journal of Orthodontics and Dentofacial Orthopedics,
2020, 158(2): 1-22.

PHANG J T S, LIM K H, CHIONG R C W. A review of three

dimensional reconstruction techniques[J]. Multimedia Tools

(27]

(28]

[29]

[30]

(31]

(32]

[33]

and Applications, 2021, 80(12): 17879-17891.

Bob A, ERS ARMZE, A& RHIS0E YOLOVS HRE AR
P B FL TR0 SRl e AL [I]. ARk TRE 2R, 2022, 38(19):
122-130.

DUAN lJieli, WANG Zhaorui, ZHOU Xiangjun, et al.
Recognition of bananas to locate bottom fruit axis using
improved YOLOVS[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2022,
38(19): 122-130. (in Chinese with English abstract)

ZHOU Z, YANG M, WANG C, et al. Roi-cloud: A key region
extraction method for liDAR odometry and localization[C]//
2020 IEEE International
Automation (ICRA), Paris, France, IEEE, 2020, 3312-3318.
TERENCE S, PURUSHOTHAMAN G. Systematic review of

Internet of Things in smart farming[J]. Transactions on

Conference on Robotics and

Emerging Telecommunications Technologies, 2020, 31(6):
€3958.

Q. ARV A 0k LR IR HIBOR B [D]. Jbat: Jbxt
ALK F, 2018,

RU Ke. Research on Servo Control Technology of Two-phase
Hybrid Stepping Motor[D].
University, 2018. (in Chinese with English abstract)

B, w22 T STM32 2Bk i iR S M KRG deit
] R AR 5K, 2016(4): 71-73,77.

LIAO Ping, HAN Weiwei. Design of drive control system of

Beijing: Beijing Jiaotong

multiple stepper motors based on STM32[J]. Instrument
Technique and Sensor, 2016(4): 71-73,77. (in Chinese with
English abstract)

WM, E&, Tk, 5 CERRMHLE N TSR
5300, MUE 553, 2023, 47(7): 100-105.

ZHENG Huadong, WANG Hong, ZHANG Zhou, et al. Design
and analysis of hand structure for apple picking robot[J].
Chinese Hydraulics & Pneumatics, 2023, 47(7): 100-105. (in
Chinese with English abstract)

LY, X, 28, 55 T AN KRS 3 b ke B
B R AW SR, A&k TR, 2022, 38(18): 51-
61.

HE Weizhuo, LIU Wei, JIANG Rui, et al. Control system
design and experiments of UAV shot seeding device for
rice[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2022, 38(18): 51-61.
(in Chinese with English abstract)


https://doi.org/10.1016/j.compag.2019.05.005
https://doi.org/10.1007/s11042-021-10605-9
https://doi.org/10.1007/s11042-021-10605-9
https://doi.org/10.1002/ett.3958
https://doi.org/10.1002/ett.3958
https://doi.org/10.3969/j.issn.1002-1841.2016.04.022
https://doi.org/10.3969/j.issn.1002-1841.2016.04.022
https://doi.org/10.3969/j.issn.1002-1841.2016.04.022
http://www.tcsae.org

1M BIWRSE: T =Y E M S 688 A R R g it 5illG 111

Design and experiment of the whole-skin peeling system of Channa argus
based on three-dimensional reconstruction

ZHAI Xiaodong, ZHAO Mingyan™, JIANG Xinyu, LIN Min, WANG Weizhi, HUANG Zhangwei
(College of Mechanical and Electronical Engineering, China Jiliang University, Hangzhou 310018, China)

Abstract: Channa argus is one type of predatory fish in the family Channidae native to fresh waters in eastern China. The skin
of Channa argus has been an ideal substitute for the shortage of wild high-grade leather raw materials, due to the beautiful
pattern, strong toughness, excellent breathability, waterproof, and strong anti-expansion. Annual production of Channa argus
skin has been more than 500 000 tons in the broad market of China. However, the manual peeling of Channa argus skin has
been limited to the deep processing industry in large-scale production at present, leading to low efficiency, low integrity of fish
skin, and security risks. Therefore, this study aims to design the automatic whole-skin peeling system of Channa argus using
the 3D (Three-Dimensional) reconstruction. The morphological parameters were also collected, where the head, body and tail
sections were changed dramatically. The sticky skin was then fixed for the peeling operation on the hard hip fin. The whole-
skin peeling machine was designed, including clamping, cutting, skin and flesh separation, as well as peeling devices. The
vision system was selected with the industrial camera, LED (light-emitting diode) lamp band and upper computer. The
industrial camera was used to capture the images of Channa argus. The LED lamp band was to provide an ideal optical
environment for image acquisition. The upper computer was also used to preprocess the images. 3D reconstruction of images
was performed to identify and locate the pectoral fin position using YOLOvSs. The cloacal aperture position was then
identified and located by ROI (region of interest). The operation path of each mechanism was finally realized, according to the
3D point cloud model. The control system was designed to accurately control the travel mechanisms and the actuators in the
whole-skin peeling device. The position feedback PID (Proportion Integral Derivative) with magnetic encoder was used for the
closed-loop control of the motion module, in order to avoid the out-of-step phenomenon during operation. In the actuators, the
air path was designed to realize the precise control of the cylinder gripper, horizontal slide cylinder, longitudinal slide cylinder,
and double rod double shaft cylinder, according to the control requirements of pneumatic components. The duty ratio of the
PWM (pulse width modulation) signal was set to realize the control of a DC (direct current) motor speed, in order to calibrate
the relationship between PWM duty ratio and rotational speed. The performance of the prototype was evaluated by the total
system operation duration, fish skin removal rate, skin and flesh separation index and breakage rate of fish skin of the whole-
skin peeling device. The test results showed that a high peeling speed was achieved in the machine. The total operation duration
of the system varied with the size of the Channa argus, ranging from 172 to 195 s, with an average of 183 s. After peeling, the
fish skin removal rate ranged from 93.10% to 95.70%, with an average value of 94.60%. There was a large actual area of
Channa argus skin after stripping, which effectively reduced the waste of raw materials. The separation index of skin and meat
ranged from 9.91 to 9.98, with an average value of 9.93. There was less fish left on the skin after stripping, indicating a higher
stripping efficiency than before. The breakage rate of fish skin ranged from 5.00% to 10.00%, with an average of only 6.25%.
The small number of damaged fish skin in each group fully met the requirements of whole-skin peeling technology. This
finding can provide a strong reference for the development and design of the whole-skin peeling system of Channa argus.
Keywords: design; experiments; fish skin peeling device; Channa argus; 3D reconstruction
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