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Abstract It is an effective method to improve the automation level of aircraft skin damage detection by using
machine vision. The global three-dimensional (3D) reconstruction of aircraft skins is the key step in the detection
process to locate the exact location of the damaged parts. In order to solve the problems of complex equipment, low
splicing accuracy, and low processing efficiency in current technology, this paper proposes a rapid 3D reconstruction
method for aircraft skins based on rear positioning and combined with structured light. The 3D reconstruction of the
local area of aircraft skins is conducted by using the structured light 3D measurement system, and the rear camera
synchronously observes the structured light system to determine its spatial position and posture. With the help of
spatial pose data, the 3D topography data of the aircraft measured by the structured light system is fused into the
positioning camera coordinate system to realize the rapid and high-precision non-contact measurement of the 3D
topography of the large aircraft skin. This method provides effective technical support for the automatic visual
inspection of aircraft skin damage.
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Fig. 3 Improved structured light system diagram
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Fig. 4 Schematic diagram of camera imaging model

AR WAL AR O 72 AT SF A bR 3R 7R

c

u F. 0 u,
R T| |y.
Alo|=1]0 F, v » (D
0 0] |=.
0 0 1 0
1

A FEBIE T Cug v, R EAR L AR T8 1)
F 0 B 58 1 A2 AR FL L F, BB
PLA A5 R IR 5 O Bk W AR R 53T R 2
L6 s R T 43 590 A e i JE E AP B < 6
HY T 45 Sk W 22, SR AR AL 92 B £ 52 UR OF A 58 42
G (DRI SR LT AR Lt w28 20 20k 4
WEBR UG A Ly, )" GG AR [w. 0] Z
[] Y G 2%
U =2x, +3J(Id,yd)’ 2
v=y,+0,(x4sy4)
Ao, (vgvye) 50, (oyy) MAEL M my AR {E ,

KNG EHG S TE BGE T L&A G, Al RO R
S, (xasvy) =k x4+ v +
[p1Bai+yD +2p,xeya] +s1 (i + 3D
8, (xary) =k, vy (xl+yi) +
[p:Bai+yD) +2pixgya] +s. (i +yD
Wk ks prsporsies, NETAERTF, & ks
BT AT A6 A0 58 2 o7 2o B o 38 Ao X 88 5 R E AT 4y
fife , ] A5 B 2K N A B0 P i DT A B 45 AT
DB W HEFE R R FISER KRBT,
2.2 HRIRBREEUXRENERERE

M T4 CR G R E LSRR TamtRg b
H AR ML AL bR F BT DLIE 75 22 8 57 R 15 ML AR R R
O-XY.Z St ir &R O,-X,Y,Z, Z I8 17
TAGIE K F . HAb DL RIE &R B AR SR AR AR b i
HEAT LG L 38 o A0 A Y ML R AR B 2 AR B AR 4
AT BIX — b o B, A 5 TR .

)]

checkerboard

identification b
——— WK

structured light

K5 Skt RGAR R A AR A

Fig. 5 Self-calibration diagram of structured light system identification board
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Fig. 9 Point cloud data of aircraft global 3D reconstruction
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Fig. 12 Global 3D reconstruction accuracy analysis based on rear positioning. (a) Plate to be tested;

(b) first position of measurement fringes; (c) point cloud error histogram
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