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Efficient Automatic Method for Head-tail and Ventral-dorsal
Directional Transportation of Freshwater Fish
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Abstract: Automatic head-tail and ventral-dorsal directional transportation is an important prerequisite for
promoting the mechanized processing of freshwater fish. Based on horizontal vibration method and visual
image recognition technology, an automatic head-tail and ventral-dorsal directional transportation device
was designed. The principle of fish body rotation and the principle of head and tail advance were
expounded by analyzing the force and motion state of fish body on the shaking table. The motion states of
the fish on the shaking table were divided into four types, and the conditions for the fish to achieve head-
tail directional transportation were analyzed. Combined with the image recognition technology, the guide
mechanism, visual recognition system, elimination mechanism, V-shaped ventral-dorsal directional
transportation actuator and V-shaped correction conveying mechanism were created to realize the
automatic ventral-dorsal directional transportation. Finally, three typical freshwater fishes, crucian carp,
Grasscarp and silver carp, were selected as the test objects, and the orientation completion time and
success rate were used as the evaluation indexes. The effects of fish species, conveyor belt type,
vibration amplitude and vibration frequency on the head-tail directional transportation of fish were
explored, and the effects of fish species on the ventral-dorsal directional transportation were also

explored. The test results showed that the theoretical calculation of the forward motion state of fish on the
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shaking table was consistent with the experimental results, it was proved that the theoretical calculation

can effectively guide the actual head end orientation process. When the conveyor belt was only inverted

triangle, the fish can complete the head-tail directional transportation. The effect of head-tail directional

transportation was increased with the increase of vibration amplitude and frequency. When the vibration

amplitude was greater than 160 mm, the whole machine vibrated violently, so the optimal amplitude

should be 160 mm. When the frequency was greater than 5 Hz, the change of orientation effect was not

obvious, so the optimal frequency should be 5 Hz. The ventral-dorsal directional transportation effect was

determined by the conveying speed of the conveyor belt and the accuracy of machine vision recognition.

The ventral-dorsal directional transportation time of all kinds of fish was kept at 15 s, and the orientation

success rate was stable in the range of 95% ~97% . The research results can provide technical reference

for the design and selection of technological parameters of fish automatic orientation device.
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Sl — YRS E SN S, =S -5 =0.0062 m;
B FPRSFT S5 2 Bl o0, AR fE K AR 3 &5 1
Zdt— IR E BN S, =S -5"=0.010 1 m;
F 2 SR ST & 55 4 M O, R TR PR 3 &
Fad -k EH AN S, =8 -8 =
0.0115 m RIS, >S5, >S,, 5% i i 3k B & 1]
HORHEF — 2
3.1.2 fakali SN Sk R SE 1) AUCR B 5 R

R PR i 28 28 TR0 Sk e S 1) S8R B R WKL
T, BOE Ak R )i 6 iR Sl R 5 Ha,
PR BN E HE S 160 mm , & F 6 48 Sy 120 46 %k &, #F 5 481
B T E RRREL 3 Bkl JE TR Sk B RE IR
ORI B 45 2R AN 3 Fa .
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Tab.3 Effect of different conveyor belts on head-tail

directional transportation

i 2% SE [ B[] /s JE 8] L/ %
18] = ff1 5 2.35 100

—F 0

FLT L 0

M3 AT LUF L ikl S B Sk B R 1) 35 2R
SRR, AE IR B B R O 5 Hz, IR B iR K 8
160 mm Z5 05T, B i 0] DUTE ) = #y S ik 4 b 58 i

Sk B Il Aol T A — 7~ S0 R e B 2 6 S T
tOk 19 iz 3l , o ik 5 ik e SE AR .

VLB A8 S B TE R B AE IR SR 0 S Ha 4R 3 IR
JE 0 160 mm Z& RS, AT DLTHEAS 2 - 78 ) = A Sk
AT b AGE PRS2 R O, R TE K F
ks b — ks R BB N S, =8 -5" =
0.006 2 m >0; 75 — F 8k 2k 4 b iA iz g R B
B3 MAE L, AR K IR & & ad — KRB
JGH B RS, =5 -8"= —0.0026 m <0 ; 7F B H
Sk ARG SR AT 55 3 M O, R TE
KFIRah G Ead — W IRs G BB A S, =
§'~8"=-0.0019 m <0, 545 RFKN, 6 A 7E 15
=S arikaly BaT USSRk B E AR, T AE — 5
SUMIEE PR AU IR A IR e Gk g AR, 5
B as R — 2
3.1.3 PRl X Sk R A 1) ROR (45

PR IR 2l 8 2 Xk Sk B A 1) AR ) R R R
BOE Ak R A ] a6 2 B WY IR S 8RO S Hz, ik
A 0 g 50 X0 5, R [ i 326 i 26 28 O {8 = ) S0k
TR WA TR HIR X Sk e 5 1) A80R 1) 52 i MLARE 3K
BARNE 4 PR

x4 TRRIEENLEE@DIR
Tab.4 Effect of different vibration amplitudes

on head-tail directional transportation

PRSI JE/ mm JE [1] B [1] /s S Ti) ) R/
100 3.53 100
120 2.71 100
140 2.62 100
160 2.35 100
180 1.83 100

I AR K B, Sk R iR 0 e R Bl iR B
7E 100 ~ 180 mm 5 [l P , 1 {4 Sk B2 5 1) ) o) 6 1 Ry
100% . H 453 B IR 8 K T 160 mm B, 8 AL 4%
BRIZL A EAB R R IZ L0 T 1847 .

MNZR 4 PRl LUE sk B R A
P 2w B B R B TE. i 5 e R iR A
100 mm ] 120 mm j3 F2 , £ 14 Sk & 5 1) B[] 45 6 44
PR BRI KT 120 mm B, 5 1] B (1] 722 1k s #
- 28 15 7 A R A RS

LB A5 Ry B ST X 5 FE IR B3 R 5 Ha i [n] 4
Pl 28 Y 8] = fA LU A SRR AT DT RS F
4§ 2 1 B 4 100 mm [ 61 4632 SRS FF A5 4 Fh
150, FARTE KR 8h & b 20t — ik 8h J5 1) B
Bl S, =8 -8"=0.0035 m; 44E 37 E K 120 mm
I, 800 G Z RSG5 2 FE O, AARTE KPR 3
G —RE\EHEHWEMBER S, =5 -8 =
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0. 005 0 m; 44 ) I &5 2 140 mm B, 6 £t 52 2R &
A5 2 FE 0L, AR KPR 2 & &0l — R I
ZHFHENB A S, =S5 - 5"=0.005 3 m; Xk 3 I
JE 9 160 mm I, 6l 52 SR A AT & 28 2 R O,
AR 3 & b 20d — RS i B 88 S, =
S' - 8§"=0.006 2 m; Y 4g3hiIEZ 180 mm [}, 4 ff1
B RS EH 2 FE L, Bk fE KPR & 2
W —UARBE BN S, =5 - 5"=0.007 7 m,
BlS, <S; <8, <S8, <S,, FikH im0 3k B E 17 34
FHEFF — 20, HAR e Hd— 2
3.1.4 YRRk A 1] ROR 15

R R R B A R Sk R S 1) AR B B2 e LA
BEE A Sk 2 1] 1 46 % A IR SR Ol S Hz, 1k
JHE 8 g 58 08 5, S 1o i 326 i 26 28 O {8 = ) S0k
AT WA R4 20 00 A xSk e 1) S8R 1Y B e KL
AT R R S PR .
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Tab.5 Effect of different vibration frequencies on

head-tail directional transportation

I 3 551 4/ Ha SE [ 1 ] /s FE [T I3/ %
2 5.01 100
3 3.48 100
4 2.51 100
5 2.35 100
6 1.52 100

B A A B, Sk R E 1) B e IR 3 R
fE 2 ~ 6 Hz o [ A, i 4R Sk 52 1) i 2 R B0
100% o {H 242 B Pk 2 35 R /N T 3 Hz W, f0(ATE
R EAT R AT R A

S AT LUE £ A Sk 2 5 1) 200 23 B A 4k
BRI T 4 T o 1R AR SR 2 Hz B
5 Hz s 88, fSk e 5 1wl I [ 47 J s 3 ) 5 00 0
KT S He W, 5 i) I 6] 22 1 35 2%

DAS 0 2 BT 58X B2, FE 4R S i 0 160 mm |5
Ti) i 226 17 A8 Y DAy ) = iy S 25 407 A% PRI AT DA 5
FHE S IR SR 2 He B 052 SRR SR A 4 4
MO, AT AR IR 3 & b2 ad — IR 3 e /9 8
i A S, =S =5"=0.0015 m; BIRsN4 KK 3 Hz
I, 81002 SRS AT G 5 4 Biiis 00, R AE K- Ik )
Bhad —RKIKHEHWEMEB N S =5 -5 =
0.003 3 m; 4RSI F Ny 4 Hz W, 84852 SR S A5
B 4TI OL, AT KRS & gt — iR 3l
JRH AR S, =S - 8" =0.005 8 m; 44k 3 4T R
5 Hz i 6l 6852 SRS KT 5 55 2 Fi§ oL, Ik TE
KRS & b gid — KRS R B R S, =S -
§"=0.006 2 m; 2§k 3 55 K 6 Hz i), i K 1EKF

Wz b4 — IR 5 1 BN Sk 052 B RS
P55 2 BB, S, =S 8" =0.0142m, HIS, <
Se <8, <8, <8, , Fi 5k i Sk B A ) OR HE Y
— 5, B b H Al — 5,
3.2 B E miX 18
3.2.1 EE

I e DL 304 ANEE AR, dn 8] 14 s,
HHLI RN 0.5 kW, i KN 380 V, 4B R ~F R
3000 mm x 700 mm x 1 870 mm , fj 3% 47 25 % 2k PVC
R 2% R AT R RESE RIS 0 ~ 0. 42 m/s,
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R
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Fig. 14  Physical drawing of ventral-dorsal directional

-

transportation test device
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AL 5E R 15 E 1)1
3.2.3 KBS MRS

SR FH A A I 75 2 1] B 1) R0 R 1o ol B R A
SR EEES € RS R A A G L T A=
S iU A BRORE 3R A e 38 5 1] 58 JO - i 6 A
H AR IR ] 5 B ) B AR P SOA A T
U 5 1) S AR RECA 43 L .
3.2.4  ARFEXT R TT E 10 ROR R

ARV AN (] i R Foft 2 o 1 5 7 1] 2028 1 5 Wi B
H, BOE MR HE T 5E 1) U6 5 Bk U 0.2 /s,
PR ST R AR X R R ) AR B4 5 e LA
IR AR 6 o, K 15,16 9l 15 E ] il 46 it
o
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Tab.6 Effect of fish species on ventral-dorsal

directional transportation

e JE [ [ [8] /s SE [0 ] 2R/ %
filfl £, 15 96. 8
ifh 15 95.6
1 % 15 95.9

IR B 25 BT LLE T i R s e
[i2) 3550 2R TR L 23R phy 06 Y i 0% S R AR AL 25 A o 1 51
HETR R P8, DL o8 P HE B R AE 95% ~97% 22
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B Az SRS 0T, B BT £ R B 2y D B Sk R I
P (Dl T A BT i 18] £ 3k (67 8, 7R K- HR 3l
b, R A e B R, 2 AR5 Rk 3
DA o @2tk R Ty ) ¥ B 2 5 4R 3 Jr ) T
A IR, R AR A ) ) 4 30 5 00 3 AR AR T 305 il 2 42
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Fig. 15 Overlapping fishseparated by distributing S"=8">0 W}, fak A RE 5T WSk B R .
fork through guide mechanism (HFEETHaRLEEMREEE D LEYNE

T 1625 B, FLvh Sk R E 1) e B UK R 3 07 R
JE 1] JEHE, W] 52 BLAR i 100 ~ 180 mm HIJi A 1 ~ 6 Haz
(1 i B 5 17 5 1) 6 e B DL AL A 0 5 0 X0 E 1)
JECHR, p S ALAS IR SE TR AR G B BR ALK LV IR IR
HOE [ AT LA VT A% L i 326 B 2B, T 52 B £
(LNER A MDA 5 27 INER=IES Nra Sl NS i B s
R M EE E

(3) 58 T Ak [ e 1 g, iR A5 R K Y
RSk AT RIS SR S Be TR S e 45 R — L
TEWT I BE T3] DUA 2k =Sk B A B T2
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K16 I 91 L £ 1 ST YL, Sk B R 1 B R 300 1 1 T
Fig 16 Singl smangement of fish completes BT IFL IR WK T 160 mm 185 LU 2B 24,
ventral-dorsal directional transportation process BE SR AR M BE SR 160 mm £ {4 Sk 2 1) 250 SR Bl Bk 8

1 DM K 0 B s R sy PRI T, SURCRORTES Ha 2 RACR AL A
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