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An Inspection Algorithm of Engine Appearance Quality Based on Machine Vision
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(1. AECC Guizhou Liyang Aviation Power Co. Ltd, Guiyang 550014, China;
2. School of Computer Science and Technology , Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: Aiming at the low efficiency and high risk of missed detection in manual appearance inspection of aircraft engines , an automated in-
spection method based on robotic arm and machine vision is proposed. Firstly, design a diversity image acquisition algorithm and a replication
enhanced multi head detection model to solve the problems of light sensitivity, missed detection of small targets, and long tail distribution of
samples in traditional methods; Secondly, a collaborative image acquisition system between a robotic arm and an industrial camera is con-
structed, utilizing a random illumination perturbation strategy to obtain image data under multiple illumination conditions ; Finally, the YO-
LOvS5 model was improved by using a small sample replication enhancement algorithm to increase the number of defective samples and adding
independent small object detection heads to optimize the model’s feature extraction capability. The experiment showed that the proposed meth-
od achieved mAP50 and inference speed of 0.870 and 83.53 FPS respectively on the test set, achieving a balance between detection accuracy
and inference speed. Compared with manual detection, it has higher efficiency and provides a scalable technical path for industrial detection.

Key Words: aero—engine; machine vision; the wrong(missing) assembly of parts; multi—head detector; small target detection
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Fig.1 Appearance quality detection target
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Fig.2 Dataset distribution
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Fig.3 Multi-head small target detector framework
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Fig.4 Local cases annotated in the dataset
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Table 1 Performance of different models on the dataset in this article
F1 ANEEE EAEEBHR

e mAP50 mAP95  Params/MB  GFLOPs FPS
QP (1) (1) (1) (1)
YOLOvV5 Nano 0.711 0414 1.78 4.20 146.22
YOLOVS Small 0.768 0.467 7.05 15.90 124.53
YOLOvV5 Medium 0.803 0.508 20.90 48.00 99.72
YOLOVS Large 0.832 0.526 46.20 107.8 71.26
Ours Nano 0.841 0.499 1.81 4.90 124.97
Ours Small 0.859 0.528 7.19 18.70 108.67
Ours Medium 0.870 0.541 21.34 56.70 83.53

(] BSF, AR S s 1 o T SRR G 10 A S 03 A TR A A
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Table 2 mAP50 accuracy for each target category on the dataset in this paper
R2 ANHEE LEBIREINH mAPS0HEE

R W A S| *2 %3 %4 %5 %6 %7 %8 %9 %10 %11 %12
505 446 354 336 326 211 124 124 79 72 49 45

YOLOV5 Nano 640 0755 0954 0597 0772 0905 0868 0782  0.844 0978  0.681 0288  0.809
YOLOvS5 Small 640 0.796 0956  0.698 0861 0904 0915 0843 0833 0995 0733 0554  0.899
YOLOv5 Medium 640 0.856 0962 0735 0906 0919 0922 0947 0942 0996 0828 0535  0.875
YOLOVS5 Large 640 0.862 0965  0.802 0908 0938 0924 0963 0955 0996 0912  0.632 0934
Ours Nano 640 0921 0982 0770 0950 0966 0961 0949 0974 0996 0767  0.696  0.995
Ours Small 640 0916 0973 0807 0967 0968 0957 0978 0977 0996  0.868  0.758  0.996
Ours Medium 640 0932 0971 0807 0972 0975 0969 0987 098 0997  0.895 0799  0.996
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Fig. 6 Multi-head small target detector framework based on
YOLOv11
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Table 3 Performance of YOLOvV11 on the dataset in this article
3 YOLOVI1 EAXHEE FHRR

ERR R mAP50( T) mAP9S( 1) Par?T;MB GFLOPs( | )
YOLO11 Nano 0.825 0.552 2.48 6.30
YOLO11 Small 0.824 0.568 9.41 21.30

YOLOI11 Medium 0.823 0.568 20.04 67.70
YOLO11 Large 0.823 0.569 25.29 86.60
Ours Nano-11 0.864 0.554 2.66 10.20
Ours Small-11 0.869 0.575 9.56 28.60

Ours Medium—11 0.873 0.577 20.53 87.50
Ours Large—11 0.872 0.592 26.09 111.90
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