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Fig.1 Overall composition of the automatic
verification system for plug gauge
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Fig.2 Air flotation module of the verification

system
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Fig.3 Measuring the diameter of the plug
gauge with a laser caliper
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Fig.4 Coordinate system in measurement of

plug gauge diameter
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Fig.5 Cross-sectional profile of the plug gauge
on the light curtain plane of the caliper
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Table 1 Repeated measurement results of

Z—mike laser caliper mm
J¥5 | ¢S mm bRfERL | $20 mm FRifEdl
1 4.9986 19.9973
2 4.9986 19.9973
3 4.9985 19.9972
4 4.9986 19.9972
S 4.9985 19.9973
6 4.9985 19.9973
7 4.9986 19.9973
8 4.9986 19.9973
9 4.9986 19.9972
10 4.9985 19.9972
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Table 2 Measurement results of the diameter of the standard shaft at different

positions in the light curtain mm
55 L B AR AL ORI T EDERIT 1
5.0 19.9989 19.9994
4.5 19.9989 19.9995
4.0 19.9990 19.9994
35 19.9992 19.9994
3.0 19.9992 19.9993
2.5 19.9993 19.9994
2.0 19.9994 19.9994
1.5 19.9994 19.9995
1.0 19.9994 19.9994
0.5 19.9994 19.9994
0.0 19.9995 19.9994
-0.5 19.9994 19.9994
-1.0 19.9994 19.9993
—-1.5 19.9995 19.9994
-2.0 19.9995 19.9995
=25 19.9996 19.9994
-3.0 19.9996 19.9996
-35 19.9997 19.9994
-4.0 19.9997 19.9995
—4.5 19.9999 19.9995
-5.0 19.9999 19.9994



Digital Measurement ﬁ?‘kﬂ“ﬁ

A SFE TR 5 Z 8] ) 22 e i AR
2SR 22 RIS FE AL T I AR AR
s 25 P I AR IR L 7o b2
SEFI AR BE AR, AR ARAL(8)
ARETHR M ZEM B EAR . NI, AR
GEAEMAR T J5 2% 1 HLas AL e A
B 38 i T OCF T A M S B E AL
FEIER  ARHLR AR ZERLIEGTT: p 5L
Xof G HEA T AL B, Bre 27 ZE ML A it
#HA .

K7 (a) g AHBILR A 1 28 ML

WK% . 1 Jeil it OpenCV JE M
H 1Y threshold B 500 Ji if [T 15 Al —
B4 5L 52 E 7 (b) s {81k
EI%. #: T &, #IH findContours bR
BOE A MG FARE R A, IRt
drawContours PREICKFX L4 7 2552
W7 (o) iR &R, HE
R AL T ZE RS AN ORI
ZOER IR S AR P o B A
S, A Rect PR 58 BR R 1T 28
5, BRI 7531 A ZER S

FrRUfER E AR/ mm
20
19.9998
19.9996
oo ¢
196904
19.9992 .o

19.9990 .

19.9988
-5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

e 3L/ mm

(a) WEHEH )

FRAEA B A% /mm
19.99965
° 19.99960
19.99955
e 19.99950 ° °
19.99945
1999906 e ¢ o0 o0 o
19.99935
19.99930

19.99925
-5 -4 -3 -2 -1 0 1 2 3 4 5 6 7
SerE P 07 B/ mm
(b) TEDEH 1)

6 IREMBIHMNEENEER

Fig.6 Diameter measurement results during standard shaft movement
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Fig.7 Image processing of plug gauge contour
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Fig.8 Measuring experiment for the
diameter of standard shaft in different

postures
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Table 3 Measurement results of the diameter of standard shaft in different postures

o FERUBRHARE/ | IARA = FERUBRMARE | ARG AR
F5 . ia=2 N
(°) mm (°) mm
1 0.99 25.0068 12 —0.02 25.0028
2 0.91 25.0061 13 -0.10 25.0027
3 0.79 25.0055 14 ~0.20 25.0028
4 0.70 25.0048 15 ~0.30 25.0027
5 0.60 25.0044 16 —0.41 25.0028
6 0.51 25.0040 17 —0.51 25.0033
7 0.40 25.0034 18 —0.62 25.0036
8 0.30 25.0030 19 —0.71 25.0041
9 0.20 25.0030 20 —0.81 25.0047
10 0.11 25.0028 21 -0.91 25.0054
11 0.01 25.0027 22 ~1.01 25.0060
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Fig.9 Diameters of standard shaft in different postures measured by the laser caliper
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Fig.10 Corrected diameters of standard shaft in different postures
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Table 4 Repeated measurement results of
diameter of #7H6 standard plug gauge

5 FER 4% /mm
1 7.0019
2 7.0016
3 7.0017
4 7.0018
5 7.0020
6 7.0018
7 7.0015
8 7.0019
9 7.0019
10 7.0016
&= 0.0005
bifii2E 0.00016
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Table 5 Comparison of the plug gauge diameter measurement results between this system and

the standing light meter

5 S
1 7.0022
2 10.0018
3 12.0004
4 19.9995
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Detection for Aircraft Skin Damage Based on Improvement of
Channel Redundancy for YOLOV7

WU Jun, SHAN Tengfei, HUANG Shuo, ZHANG Xiaoyu, CHEN Jiusheng, GUO Runxia
(Civil Aviation University of China, Tianjin 300300, China)

[ABSTRACT] In order to automatically realize detection of aircraft skin damage, a machine vision detection method
based on the improvement of channel redundancy for YOLOV7 is proposed. Firstly, aiming at the characteristics of the
single background for the aircraft skin damage dataset, an improved algorithm of enhanced neck feature fusion is proposed,
which improves the recognition accuracy and detection speed of aircraft skin damage. Secondly, in order to solve the
problem of convolution channel redundancy for the backbone feature extraction network, PConv (Partial convolution)
is introduced, and the lightweight of the backbone feature extraction network is proposed, which reduces the number of
parameters for the model and improves the efficiency of damage identification. In the experimental part, different improved
algorithms of enhanced neck feature fusion were first explored on the aircraft skin damage dataset, and the optimal
improvement method was determined. Then, ablation and comparative experiments were carried out on the aircraft skin
damage dataset, and compared with the original YOLOv7 algorithm, the mAP (Mean average precision) is increased by
2.3%, the FPS (Frames per second) is increased by 22.1 f/s, and the number of model parameters is decreased by 34.13%.
Finally, the improved YOLOv7 model is compared with the mainstream object detection model, which proves the advanced
nature of the improved algorithm.
Keywords: Aircraft skin damage detection; YOLOv7; Channel redundancy; Single background; Partial convolution
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High-Precision Automatic Calibration of Smooth Plug Gauge Diameter
Based on Error Correction

LI Dawei', LIU Zhongyang', ZHENG Wei', WANG Weilong', LIU Hongxia', YU Houyun’
(1. AVIC Shenyang Aircraft Industrial (Group) Co., Ltd., Shenyang 110850, China;
2. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

[ABSTRACT] In order to address the shortcomings of low calibration accuracy and efficiency, as well as cumbersome
manual operations, in the large-scale calibration of plug gauges in aviation manufacturing enterprises, a method for
measuring the diameter of smooth plug gauges based on machine vision and laser caliper is proposed. The diameter of the
gauge is measured by a laser caliper, and the machine vision module synchronously detects its posture in the light curtain,
and corrects the measured values of the caliper. At the same time, the use of specialized tooling combined with an air
flotation motion mechanism achieves automatic switching of multiple gauges and multi-position automatic measurement of
a single plug gauge. The experimental results indicate that the repeated measurement standard deviation of the system is 0.16
um. Absolute measurement error is less than 0.5 pm compared to the measured value of the vertical optical comparator.
The measurement time for single end of the gauge is less than 45 s, which can meet the fast and high-precision verification
requirements of commonly used plug gauges in production.

Keywords: Automatic calibration; Plug gauge; Error correction; Laser caliper; Machine vision
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