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Fig. 1 Experimental scene (a) and experimental

setup structure (b)
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Fig.2 Data from 100 transceiver cycles of the transducer for 30 fishes (a) and the variation of I(f) over time (b)
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Tab.1 Data point index for 21 types of fish numbers

under different degrees of I(f) decline

TREFEEE  degree of decline

R R
number of fishes 0.85 0.90 0.95
10 1235 1191 1072
1 1364 1245 1001
12 1 445 1232 1083
13 1345 1211 1121
14 1372 1195 1106
15 1247 1223 1064
16 1241 1123 961
17 1355 1120 1073
18 1248 1194 1105
19 1241 1108 1072
20 1207 1205 969
21 1206 1099 962
2 1220 1113 1058
23 1188 1096 954
24 1199 1110 956
25 1236 1089 962
26 1182 1084 963
27 1221 1003 956
28 1199 1080 955
29 1189 1079 953
30 1208 1077 941
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Fig. 3 Coefficient of variation of o7 at different end

time points with a starting point of 14 ms
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Fig. 6 The variation of I(f) over time for still water surface (a) and slightly disturbed water surface (b) without fish
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Fig. 7 Twelve estimation results (a) and the average (b) for 10-40 fishes
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Fig. 8 Relationships between RMSE, MAE (a), and the correlation coefficient (b) with
the number of measurements
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Tab.3 Estimated results for 20 fishes under

different air output of the aerator

TARHER/V < &/(L/min) R/ R
working voltage outgas estimated quantity
0 0 19.88
3 0.28 53.56
3.5 0.35 100.71
4.0 0.50 131.95
4.5 0.72 164.18
5.0 0.80 229.60
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Fig. 10 The relationship between I(f) value and
time when the number of fish is 20 and

the aerator works at 5.0 V
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Fig. 11 Estimated results of fish group numbers from

1 to 40 in a bubble environment
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Tab.4 Comparison of estimated results before and

after increasing the sample size

JEREAE 0 A B FEAS B 5 0T 8
SRR fli5EE R 2
estimated results estimated results
corresponding to the corresponding to the
original sample sizes increased sample sizes

SbrE/ R
actual values

15 14.036 14.322

20 15.964 16.289

25 24.098 24.589

30 29.060 29.652

35 33.480 34.162

40 38.834 39.630
3 T
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Fish counting method in aquaculture ponds based on
ultrasonic multiple scattering theory

LI Zhijian *, LIJunkang', CHEN Leilei', LIJun', HU Qingsong'
(1. College of Engineering Science and Technology, Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Engineering Research Center of Hadal Science and Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Accurate assessment of the number of organisms in aquaculture ponds is an important requirement in
aquaculture. Fish counting methods based on machine vision and near-infrared light can quickly and accurately
estimate the biomass in the culture pond under better light environmental conditions, but it is affected by fish over-
lap, water turbidity, light, bubbles, and other factors. Fish counting method based on sonar camera and echo
sounder can effectively investigate the amount of biological resources in the ocean or lake, but it is limited by the
area and water depth of the aquaculture pond in the industrial aquaculture. A time domain interval selection
method based on coefficient of variation was proposed to solve the problem of error in the application of ultra-
sonic detection in aquaculture ponds with low depth. The ultrasonic transducer with an emission frequency of 40
kHz was used to count the fish in aquaculture ponds in a cylinder with a volume of 0.115 m’. Aiming at the prob-
lem of error in the estimation results of ordinary multiple scattering theory, a time-domain interval selection
method based on coefficient of variation was proposed. The method was used to estimate the number of 10-40
fishes in the cylinder without and with aeration. The results showed that the MAE was 0.924 and 1.769 fish,
RMSE was 1.148 and 2.054, and the CV between estimated and actual values were 0.995 and 0.983, respectively.
The results showed that the error was highly correlated with the selection of the time domain interval, and the vari-
ation coefficient and the three evaluation indexes kept consistent with the change trend of the time domain interval.
By selecting the appropriate time domain interval and increasing the number of measurements, the accuracy of the
counting results could be effectively improved. The research showed that the accuracy of aquatic organism count-
ing could be effectively improved after increasing the number of samples although there were bubbles in the envir-
onment after oxygenation, which leads to a decrease in the accuracy of estimation. The experiment proved that the
method was still applicable in the scene with oxygenation demand. This study provides a new path for assessing
fish density in low-depth and small-area aquaculture ponds by ultrasonic technology.
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