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Design and Experiment of Precise Feeding System for Pond Crab Culture
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Abstract; Traditional pond crab culture mainly relies on fishermen to estimate the total bait based on
experience, and feed bait by manual punting, which has low bait utilization rate and high labor intensity.
Because river crabs have territorial awareness and small moving range, the distribution of river crabs in
the pond is uneven, thus the scientific and accurate feeding is required for the crab culture. The existing
feeding operation mode of river crab culture is extensive, which can not meet the needs of efficient
ecological culture of river crab. In order to grasp the growth law of river crabs and feed more scientifically
and effectively, a precise feeding system based on river crab growth model was designed. The grey
correlation analysis method was adopted in the growth model of the river crab to determine the
environmental factors that have the greatest impact on the growth and development of the river crab.
Based on the traditional aquatic biological growth model, environmental factors were added to improve the
river crab growth model, which was optimized and fitted from the linear and exponential perspectives.

The GA — BP neural network was used to train the accurate feeding prediction model, and the optimal
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environmental impact factor value was calculated by inputting environmental parameters such as water
temperature, dissolved oxygen content, and pH value. Then the total weight of the crabs was obtained
according to the growth model, breeding density and breeding area of the river crab. Combined with the
survival rate and feeding rate of river crab during the growth period, the total bait weight can be
determined. Finally, according to the actual distribution density of crabs and water quality parameters,
the bait distribution coefficient of each area in the pond was determined, and the total bait was allocated
to each area of the pond scientifically. The simulation results showed that the determination coefficient R
of predicted total bait weight was 0. 990, and the fitting effect of the prediction model was good. Through
pond feeding experiments, the results showed that based on the total bait determination by using the
growth model of river crab, the pond area that could be accurately fed by the automatic feeding boat was
5.33 hm’, saving the labor cost of three farmers. Compared with the preset feeding density for each area
of the pond, the average absolute error of the actual feeding density performed by the feeding boat was
0.32 g/m’ and the average relative error was 3.90% . In addition, the feeding weight can be adjusted
timely by the system according to the changes of the environmental parameters and the feedback from
feeding table, which was conducive to saving bait, cultivating large crabs, increasing crab production,
improving breeding efficiency, and promoting cost-effective development of crab culture.

Key words: crab; growth model; precise feeding; environmental factors; grey correlation analysis; GA —
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Fig. 1  Construction process of river crab growth model
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Tab.1 Growth model expressions

HE 9 el Bt Rkl
Logistic m/ (1 +pexp( —kt))
[ Ratkowsky m/(1 +exp(p—-kt))
Gompertz mexp( —exp(p —kt))

Logistic (linear) cv,, +m/ (1 +pexp( —kt))

A4k Ratkowsky ( linear)

Gompertz( linear)

e, +m/(1 +exp(p—kt))
cv,, +mexp( —exp(p —kt))

Logistic (exp) exp(cv,, ) +m/(1 +pexp( —kt))
a8t Ratkowsky (exp)

Gompertz( exp)

exp(cev,,) +m/(1 +exp(p—kt))

exp(cv,, ) +mexp( —exp(p—kt))
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Tab.2 Environmental factor correlation analysis
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Tab.3 Growth model performance comparison

% 251 m P k c R?
Logistic 224.990 3.601 0.137 0. 996
14 i Y Ratkowsky 216. 581 1. 856 0.043 0.995
Gompertz 224. 662 0. 801 0.362 0.997
Logistic ( linear) 235. 496 12.753 6.035 -7.565 0.532
e Ratkowsky (linear) 229. 362 1. 402 0.126 -0.253 0.979
Gompertz( linear) 240. 356 0. 168 0. 085 -0.232 0.997
Logistic (exp) 212.195 5.301 0.018 0.301 0.999
BTk QL Ratkowsky (exp) 214. 662 1. 667 0. 032 - 0. 469 0.986
Gompertz( exp) 238. 849 0.750 0.011 -0.075 0.997
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Tab.4 Feeding rates for river crabs in Jiangsu Province
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Fig. 12 Feeding boat test
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Tab.5 Test parameters of feeding boat
BRI BB KE/m PR/ (mes ") BRARRTT]/ s

1k 62. 4 0.75 83.20
2% 45.5 0.73 62.33
3% 60. 8 0.74 82.16
4% 41.6 0.70 59.43
$5 % 49.2 0.74 66. 48
%6 % 21.8 0.72 30.28
7% 36.6 0.75 48. 80
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Tab.6 Experimental data of pond grid feeding

WAg TR SRR, XIRES IR

%5 (g'm ™) (grm™?) (grm™?)  2/%
1 9.21 9.45 0.24 2.61
2 9.25 9.30 0.05 0. 54
3 9.20 9.45 0.25 2.72
4 9.50 9.55 0.05 0.53
5 9.36 9.89 0.53 5. 66
6 9.45 9.98 0.53 5.61
7 9.25 9.56 0.31 3.35
8 9.98 10. 35 0.37 3.71
9 9.30 9.86 0. 56 6.02
10 8.40 8. 87 0.47 5.60
11 7.55 8.20 0. 65 8.61
12 7.95 8.36 0.41 5.16
13 7.66 7.95 0.29 3.79
14 7.84 7.95 0.11 1.40
15 8.20 8.42 0.22 2.68
16 9.34 9.51 0.17 1.82
17 7.85 8.26 0.41 5.22
18 7.89 8.25 0. 36 4.56
19 7.24 7.68 0.44 6.08
20 7.53 7.61 0.08 1.06
21 7.82 7.95 0.13 1. 66
22 7.84 7.86 0.02 0.26
23 8.02 8.45 0.43 5.36
24 8.48 8. 86 0.38 4.48
25 7.20 7.52 0.32 4. 44
26 7.85 8. 12 0.27 3.44
27 7.98 8.20 0.22 2.76
28 7.21 7.75 0. 54 7.49
29 7.85 7.91 0. 06 0.76
30 7.74 7.98 0.24 3.10
31 7.52 7.82 0.30 3.99
32 7.28 7.64 0. 36 4.95
33 8.13 8.56 0.43 5.29
34 8.54 8.90 0.36 4.22
35 8.56 8.93 0. 37 4.32
36 8.43 8.83 0. 40 4.74
37 8.23 8.65 0. 42 5.10
38 8.36 8.74 0.38 4.55
39 8.72 8.95 0.23 2. 64
40 8. 86 9.21 0.35 3.95
41 8.15 8.56 0.41 5.03
42 8.56 8.90 0. 34 3.97
43 8.56 8.93 0.37 4.32
44 8.45 8.83 0.38 4.50
45 8.24 8.65 0.41 4.98
46 8.38 8.74 0.36 4.30
47 8.78 8.95 0.17 1.94
48 8. 84 9.21 0.37 4.19
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