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Fig. 2 Key feature points marking from

the lateral image of L. vannamei

eye. base of the eye stalk, bl _up. dorsal junction point between carapace
and the first abdominal segment, bl_down. ventral junction point
between carapace and the first abdominal segment, b3_up. dorsal junc-
tion point between the third and fourth abdominal segments, b3_down.
ventral junction point between the third and fourth abdominal segments,
b5_up. dorsal junction point between the sixth abdominal segment and
the telson, b5_down. ventral junction point between the sixth abdominal
segment and the telson, tail. the distal end of the telson, tail top. the

distal end of the uropod, the same below.

3 LAUEXTAREE ARG BRARIE

Fig.3 Contour marking for L. vannamei
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Fig. 4 HRNet structure for extracting key feature points of L. vannamei
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Fig. 5 Schematic diagram of body length measurement of L. vannamei

bl_middle. midpoint of the junction line between bl_up and bl_down, b3_middle. midpoint of the junction line between b3_up and b3_down,
b5_middle. midpoint of the junction line between b5_up and b5_down, CL1. length from eye to bl_middle, ALI. length from bl_middle to b3_middle,

AL2. length from b3_middle to b5_middle, TL. length from b5_middle to tail.
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Fig. 6 Mask R-CNN structure for the contour segmentation of L. vannamei
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1 ET HRNet 2§ FLYLEITAR X
FHIE IR Gt
Tab.1 Statistics of key feature points recognized using

the HRNet model in L. vannamei

RHAE £ AR H W%

feature point number of misses recognition rate"
MR 18 99.07
eye
Sl P 5 — P S 5 1 99.95
bl _up
Sl R B — PR IR S 5 33 98.30
bl _down
= SR DU A PR 2 99.90
b3 up
=R SN BN AL S S 34 98.25
b3 down
AT S RATHE WAL S A 4 99.79
b5 up
HNIE SRR S A 5 99.74
b5 down
R AR 10 99.49
tail
R A 10 99.49
tail_top

I DEARE A 6 REF M R E m ot A gt A .
Notes: 1) images of six shrimp in the dataset were not included in the

statistics due to overexposure.
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BW =-18.890+2.057BL+0.6475 +0.088G (#i%14)
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Tab.2 Prediction accuracy and reliability for body size traits of L. vannamei measured based on key feature points

o ks e H e, N REE = iR/ 5 iR ZE/ A AR X R 2 /Y
O ek iiPS %i’ﬂl ﬂijﬂ‘ﬁﬁwi/ﬁ m/J‘i‘EX_Tle % FIHIRERRZE%
s correlation maximum minimum average
method for obtaining true value feature . . . .
coefficient relative error relative error relative error
BN LARERFE 5 0 B I FRERSS 0.93 6.89 0.04 2.46
measurement from feature points manually — abdominal segment length
tagged in the image i 0.97 435 0.02 1.39
body length
HRALIE MK 0.91 9.60 0.05 459
manual measurement by a ruler abdominal segment length
(LSS 0.91 9.60 0.08 4.63
body length
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Fig. 7 Contour segmentation of L. vannamei based on
the Mask R-CNN model
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Tab. 3 Fitting results of body weight of L. vannamei

based on different regression models

B B AR e/ IAHXE RE2)itk)
it o W% W% WREY%
correlation . L
model . maximum minimum average
coefficient . . .
relative error  relative error  relative error
1 0.94 17.34 0.19 4.23
2 0.95 15.64 0.01 3.72
3 0.97 18.74 0.01 3.02
4 0.97 19.05 0.01 2.99
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Fig. 8 Software interface of intelligent measurement system for growth phenotype of L. vannamei
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Development and application of a deep learning algorithm-based growth
phenotypes measurement system of the Pacific white shrimp
(Litopenaeus vannamei)
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Abstract: To address the low efficiency and high error rates associated with manual measurement of growth phenotypes in the
Pacific white shrimp (Lifopenaeus vannamei), this study developed a dedicated image acquisition box capable of capturing
standardized, high-quality side-view images of the shrimp. Utilizing this system, a High-Resolution Network (HRNet) model
was employed to identify nine key feature points of the shrimp, enabling the measurement of traits such as body length. Addi-
tionally, a Mask Region Convolutional Neural Network (Mask R-CNN) model was utilized for shrimp contour segmentation to
calculate body surface area. Regression models incorporating body length and body surface area were subsequently developed
to predict body weight. An integrated image processing and data management software was also developed to establish a pre-
cise measurement system for the growth phenotypes of L. vannamei. The study found that the HRNet model achieved recogni-
tion rates exceeding 98% for all nine feature points, with rates exceeding 99% for seven points. The true values of body length
and abdominal segment length were measured using two methods: manual measurement with a ruler and measurement from
manually tagged feature points in the images. The predictive accuracy of body length and abdominal segment length was calcu-
lated to be 0.91-0.97 and 0.91-0.93, respectively, with average relative errors of 1.39%-4.63% and 2.46%-4.59%. Evaluation
against manually segmented shrimp body contours showed that the Mask R-CNN model predicted body surface area with an
accuracy of 0.98 and an average relative error of 1.73%. Regression models incorporating variables such as body length, body
surface area, and gender were developed to predict body weight, achieving accuracies above 0.94, with the model incorporating
both body length and body surface area achieving the highest prediction accuracy (0.97). These results demonstrate that com-
puter vision technology combined with deep learning algorithms can accurately measure growth phenotypes, such as body
length and body surface area, and predict body weight L. vannamei. This study provides an efficient tool for the accurate and

rapid measurement of growth phenotypes in L. vannamei.
Key words: Litopenaeus vannamei; growth phenotypes; deep learning; computer vision; measurement system
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