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Fig.1 Sampling platform

(a) sampling platform diagram, 1. shooting bracket, 2. camera equipment, 3. oxygenation equipment, 4. feed tray, 5. aquarium, 6. heating rod; (b) phys-

ical images of the sampling platform.
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Fig. 2 Architecture of improved YOLOV7-tiny

CBL represents the combination of Conv, Batch Normalisation and LeakyReLU function; ELAN-L represents lightweight aggregation module; MP repres-

ents Max Pooling; UpSample represents upsampling; Concat represents feature map stitching; SPP-tiny represents lightweight spatial pyramid pooling.
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Loss value = 1 — MPDIoU
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Fig. 4 Multi-target association method
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Fig. 6 Loss curves of two loss functions
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improved YOLOV7-tiny 99.85 99.8 73.1 11.4 5529236 11.7
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YOLOvV7-tiny, YOLOv7-tiny 777 %5 £ W) i K6 Fll 5
KRG, R T s R H v = A Al A T 45 2R 1

JE K
original
images

YOLOvV7-tiny
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YOLOvV7-tiny

WAL, 65 383 i YOLOVT-tiny A7) i
LEVER, ZESS 411 WS 45 425 WU B F 4Rk
77 5 HF A i YOLOV7-tiny 451 0 R B [X 43 T 4
IR TR 9 YOLOVT-tiny B R 1) T
& Hr.

Bk BB T SR E R T LA R
1~3. 4~6 2 7~9 73 B AJEE . YOLOVv7-tiny & improved YOLOv7-tiny fIRGMISE o 1. 4 1 740K 55 383 Wi, 2. 5 A1 8 ALK 411 i, 3.
6 F1 9 FRFKHE 425 Wi,

Plate Comparative results of shrimp at partial frame rates

1-3, 4-6, and 7-9 respectively represent the original image, YOLOVV7 tiny and improved YOLOV7 tiny. 1, 4 and 7 represent the frame 383; 2, 5 and 8

represent the frame 411; 3, 6 and 9 represent the frame 425.

YOLOv7-tiny # #¢ 5 improved YOLOv7-tiny
155 AU Y A I 25 SR X b i 3R 3 BT R . improved
YOLOv7-tiny £ 7 4k #1945 K % 5 T A % L
YOLOV7-tiny AL IFEAR T 0.62% F11.05%, H.
improved YOLOv7-tiny 5 il 155 784 £ i (4] - iy 4 38
B T 7.58 mso HL, ke BRI A 4T
PRI RE Ty, HE AR,

2.6 EEERMIERITE
28 N TG I e U BR A B 55 AN 355 BR Y B
2 54, T B 10 20T URREAS Y3 2 BRI

=3 EBEWNER
Tab.3 Model detection results

TR R %  WRE%  HER s
models error detection misdetection inference time
YOLOvV7-tiny 1.04 3.95 21.38
improved YOLOV7-tiny 0.42 2.90 17.73
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Quantitative detection method of swimming activity of Litopenaeus vannamei
based on improved YOLOV7-tiny

LI Zhijian *, ZHANG Yonggi >, WU Di ", MENG Xiongdong *, LI Yantian >, ZHANG Lizhen "**

(1. College of Engineering Science and Technology, Shanghai Ocean University, Shanghai 201306, China,
2. Shanghai Engineering Research Center of Marine Renewable Energy, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Shrimp is rich in a variety of trace elements and vitamins, and has a substantial nutritional value, it is
also be widely recognized as an important ingredient in high-end, well-known cuisine. Among them, the cultural
production of Litopenaeus vannamei accounts for about 85% of the total production of shrimp culture, which is an
important economic aquaculture object. The active state of L. vannamei reacts its health condition and behavioral
situation. Surveying and identifying the activity of L. vannamei is helpful in finding abnormal behavior in aquacul-
ture, to give early warning and take remedial methods promptly, lessen economic losses in aquaculture, and
improve the yield and efficiency of aquaculture. Nowadays in the L. vannamei pond aquaculure process, aquacul-
ture personnel often need to monitor the active swimming state of the shrimp by manually pulling the feed tray,
then analyzing the overall environment of the aquaculture pond and formulating effective aquaculture breeding
strategies. However, due to the complexity of the pond underwater environment, artificial observation experience
is limited, so the method of manually observing the active state of L. vannamei has a lot of problems, such as inef-
ficiency limited scope of application, low accuracy, poor real-time performance, high labor intensity and other
problems. In order to solve these problems, propose a visual detection method for the activity of L. vannamei based
on an improved YOLOvV7 tiny network detection model and multi-objective association based on Euclidean dis-
tance to quantitatively study the swimming activity status of shrimp. Based on the YOLOV7 tiny network model,
the standard convolution was replaced by Conv convolution, and a VoVGSCSPC module was built to replace the
original lightweight aggregation module (ELAN-L). The MPDIoU loss function was used instead of the CloU loss
function to reduce the model capacity and improve the model detection accuracy. The position of shrimp in the
image was determined by the visual detection results of improved YOLOv7-tiny model and the multi-objective
association method based on Euclidean distance, from which the shrimp's swimming displacement, speed and turn
angle were calculated to quantify the shrimp's swimming activity status. After validation on the L. vannamei data-
set, the results showed that the misdetection rate and omission rate of the improved YOLOv7-tiny model were
reduced by 0.62% and 1.05%, respectively, compared with the YOLOv7-tiny model. The inference speed was
improved by 17.07%, so the effectiveness of the improved model was verified. Quantitative analysis of the activ-
ity of shrimp showed that the more active shrimp corresponded to the higher the activity index value, which was
consistent with the actual situation. The study showed that the proposed quantitative detection method could accur-
ately and quickly obtain the swimming activity index, and could efficiently quantify the swimming activity state of
L. vannamei on the feed tray, which was of great significance to grasp the health status of L. vannamei and

improved the intelligent level of shrimp culture.

Key words: Litopenaeus vannamei; swimming activity; machine vision detection, YOLOv7-tiny; pond aquacul-
ture
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