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Fig. 1 Morphological traits measurement of L. crocea

P,. caudal end, P,. upper edge of gill cover, P;. anterior end of dorsal fin base, P,. posterior end of dorsal fin base, Ps. superior end of caudal fin base, Pg.

intersection of caudal fin base and measuring line, P;. inferior end of caudal fin base, Pg. posterior end of anal fin base, Py. anterior end of anal fin base,

Pyo. base of left ventral fin, P;;. base of left pectoral fin, P;,. inferior edge of gill cover
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Fig.2 Mask R-CNN network architecture
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Fig. 4 Schematic diagram of feature parameter detection
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Tab.1 Detection rate of morphological traits
PR
morphological traits BL BH PoP1 P3Py P4Pg PsP; P\Pg PP, PoPyg PPy P,Ps
JEH% number of misses 0 0 20 20 2 9 11 5 20 27 13
% /%  detection rate 100.00 100.00 92.80 92.80 99.30 96.80 96.00 98.20 92.80 90.20 95.30

¥E: BH. f&m, BL. &K, TH
Notes: BH. body height, BL. body length, the same below
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Fig. 5 Relative error in body length and
body height detection
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Tab.2 Detection error of body length and body height
[ERVN RRARREE em  RAHIRRZE %  BANRIRE em  RAMIXRZEY% PR em AR IR %

features MaAE MaRE MiIiAE MiRE MAE MRE
fA&/em BL 0.62 7.44 0.12 1.51 0.28 3.45
fA®Fi/em BH 0.21 9.81 0.01 0.27 0.09 3.82

Linear : M = 0.726 43 — 2.580 21S (19) GERWAG W22 5 (P<0.01), i, 2wz
N 2_ = =

Power curve : M — 0245 565 129823 00y  IEBCRELS (R=0.99, MaRE=3%, MxRE=28%),

2% 4 F AR AR B AR R 20 28 (18)~(20) Xt
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Tab. 4 Results of mass fittings of different statistical models
1A WIRREg  CPIMTRE g TR ES . BROKUORHRZEE BRHINIRZE% P
equation RMSE MAE MRE MaAE MaRE
ZIA  polynomial 0.35 0.26 3.00 0.99 1.76 28.00 <0.001
ZEE  linear 0.54 0.34 4.00 0.97 3.28 35.00 <0.001
% power curve 0.54 0.34 4.00 0.97 228 35.00 <0.001
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Fig. 6 Regression relationships between body
weight and fish body surface area

(a) linear regression, (b) nonlinear regression
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Application of computer vision in morphological and body weight
measurements of large yellow croaker (Larimichthys crocea)

WANG Yusha', WANG Jiaying', XINRui’, KE Qiaozhen ',

JIANG Pengxin', ZHOU Tao', XU Peng "*’

(1. Fujian Province Key Laboratory of Marine Biological Genetic Breeding,
College of Oceanic and Earth, Xiamen University, Xiamen 361102, China;
2. School of Aerospace Engineering, Xiamen University, Xiamen 361005, China;
3. State Key Laboratory of Larimichthys crocea Breeding, Ningde 352103, China)

Abstract: Phenotypic traits such as body weight and body length of fish are very important economic traits in
aquaculture and genetic breeding. In order to avoid the uncertainty, error randomness and low efficiency of manual
measurement, this paper develops an automated, non-invasive device based on Mask Region Convolutional Neural
Network (Mask R-CNN) for fish image segmentation and phenotypic traits measurement. The device consists of
two parts: an image acquisition device able to measure fish of different sizes (body length 1-40 cm) and control
software. The control software based on Mask R-CNN can train and predict the target traits of images, and realize
the measurement, storage and management of target data. The experimental results show that the average relative
error in body length and body height of Larimichthys crocea measured by the device is less than 4%. The body
weight was fitted with multiple regression models based on body length, body height and body surface area. The
correlation coefficient between measured values and the real body weight was 0.99, the average relative error was
4%, and the average processing time for each image was 3 seconds, which was 8 times as fast as manual measure-
ment. The data measurement device based on machine vision and image capture developed in this study can auto-
matically, efficiently and accurately obtain morphological and weight data of L. crocea, which provides a more
convenient and efficient phenotype evaluation tool for the evaluation of L. crocea germplasm resources, breeding
of improved varieties and germplasm innovation.

Key words: Larimichthys crocea; image analysis; morphological traits; mass estimation
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