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Construction of high-performance real-time lightweight
embedded defect detection network
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(School of Electromechanical Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: Aiming at the contradiction between the large number of parameters, high computational complexity and real-time
requirements of defect detection models in industrial embedded scenarios, a CCS-YOLO lightweight defect detection network is proposed
to be constructed by CSPPC module, CCFM module and SA_Detect fusion module. Its lightweight performance is verified by designing
ablation experiments and comparative experiments. In order to enhance the feature extraction and expression capabilities when processing
complex visual tasks and combine partial convolution operations to optimize the performance and efficiency of the model, the CSPPC
module is used. The CCFM module is used to fuse features of different scales to improve the model’ s adaptability to scale changes and
the ability to detect small-scale objects. The SA_Detect module that fuses shared convolutions is used to further reduce the number of
model parameters and achieve model lightweight, which effectively improves feature expression, target positioning and classification
performance. The experimental results show that compared with YOLOv8n, the model size, computational complexity and weight
parameters of the CCS-YOLO model are reduced by 56. 7%, 51.9% and 54. 0% respectively, with a significant lightweight effect. The
detection speed is maintained above 34 fps when deployed on the RK3568 embedded platform, and the real-time performance is verified,
which is practical and efficient. It can be seen that the application cost-effectiveness of the system has been improved, effectively
overcoming the shortcomings caused by a slight decrease in accuracy. The constructed defect detection network CCS-YOLO can solve the
problem of resource constraints in industrial embedded scenarios and realize a feasible solution for low-computing power devices to

achieve high performance, real-time and lightweight, which has important engineering value.
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Fig.2 Structure diagram of CSPPC module
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Table 2 Results of ablation experiments

eSS R P/ % R/ % mAP/ % Params/ ( X 10° ) 5/ GFLOPs Weight size/MB
)RR 94.5 87.5 93.3 3.00 8.1 6.3
PCB 4t —IEIE%L(256) 93.2 88.2 92.9 2.00 6.6 4.2
PREE 2 HEIEEL(CCFM) 94.7 86. 3 93.6 2.98 8.1 6.2
Zi— i IE (256 +CCFM) 94.1 86.7 92.7 1.96 6.6 4.2
R T RR 76.3  65.4 71.4 3.00 8.1 6.3
CCI0-DET éﬁ#ﬁ@“ﬁ (256) 742 62.1 69.3 2.00 6.6 4.2
558 )2 G 3 $ (CCFM) 77.1  64.1 71.5 2.98 8.1 6.2
4 —iM AL (256+CCFM) 74.8  63.1 69.5 1.96 6.6 4.2

fﬁk C

2 2 HYTH RS0 Al X He S — il iE A PR B R
BATEREZSE . 18 PCB Hdadl ERYSCI R A5 TR)2 0

BEEG — NI E —BOEE S (256) J5, BRI RORS B
93.2% B # K 88.2% .mAP H 92. 9% , #H%: T JE bh {7
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Table 3 Results of ablation experiments

Fl
Bedli g CSPPC CC:%{M SA Detect P/%  R/%  mAP/% Params/(x10°) 118 H/GFLOPs  Weight size/MB
94.5  87.5 93.3 3.00 8.1 6.3
VvV 93.7  85.6 91.2 2.12 5.9 4.5
vV 94.1  86.7 92.7 1.96 6.6 4.2
vV 96.2  90.3 93.8 2.86 7.0 6.1
PCB
Vv vV 9.6  88.5 92.0 1.44 5.0 3.1
vV Vv 93.9  87.2 91.6 1.98 4.8 4.2
vV vV 94.0  89.4 93. 4 1.82 5.5 4.0
vV 2 vV 94.7  87.3 93.2 1.30 3.9 2.9
76.3  65.4 71.4 3.00 8.1 6.3
vV 74.0  62.5 68.9 2.12 5.9 4.5
vV 74.8  63.1 69.5 1.96 6.6 4.2
vV 75.5  63.9 70.2 2.86 7.0 6.1
GC10-DET
VvV vV 75.3  64.0 70.3 1.44 5.0 3.1
VvV Vv 75.9  64.5 70.7 1.98 4.8 4.2
vV vV 76.0  66.2 71.1 1.82 5.5 4.0
vV VvV vV 76.7  65.1 71.0 1.30 3.9 2.9
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Table 4 Comparison experiment results for PCB dataset
FELHY P/% R/% mAP/%  Params/(x10°) 15 5/GFLOPs  Weight size/MB mAP/HE
YOLOV3 93.5 88.3 92.1 12. 1 18.9 24. 4 4.87
YOLOv6 9.6 89.8 92.6 4.2 11.8 8.7 7.85
YOLOv9c 94.8 91.2 9.1 25.3 102. 4 51.6 0.92
PPLCFaster-YOLOvS ] 97.2 94.7 97.4 - 6.7 - 14.54
YOLO-MBB; %] 95.8 94. 6 95.3 - 12.8 - 7.45
CCS-YOLO(A3) 94.7 87.3 93.2 1.30 3.9 2.9 23.90
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Table 5 Results of comparison experiments on GC10-DET dataset

R P/% R/% mAP/%  Params/(x10°) 5iiE/GFLOPs  Weight size/MB mAP/ i34
YOLOv3 75.1 63.3 69.8 12.1 18.9 24.4 3.69
YOLOv6 76.3 64.5 70.2 4.2 11.8 8.7 5.95
YOLOv9c 77.2 68.4 72.8 25.3 102. 4 51.6 0.71

EML-YOLO'2!! - - 66. 6 2.7 7.0 - 9.51
SRN-YOLO'?! - - 71.6 54.0 126.3 - 0.57
CCS-YOLO( A 30) 76.7 65. 1 71.0 1.30 3.9 2.9 18.21
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Fig. 7

Comparison of model detection effect graph
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Table 6 RK3568 deployment test results

AR H A P/%  R/% wAP/% Wi /fps

YOLOv8n 92.7 86.3 92.3 35.6
CCS-YOLO 93.5 86.8 92.8 38.2
YOLOv8n 74.8 63.7 70. 1 35.3
CCS-YOLO 75.5 64.4 70.3 37.8
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