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A method for measuring the pose of aerospace hole-shaft structures based
on geometry perception and pixel precisely adjustable super-resolution
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Abstract: The assembly of large aerospace structures is a critical step in the manufacturing process, with hole-shaft connections being a
common configuration, and the accuracy of their pose measurement directly affects assembly quality. Traditional visual measurement
methods are limited by image resolution, especially under long-distance working conditions, making it difficult to meet high accuracy
requirements. Furthermore, existing super-resolution technologies are rarely used in industrial measurement and lack optimization
methods specifically for the characteristics of hole-shaft images. This article proposes a pose measurement method for aerospace hole-
shaft structures based on geometry-aware and pixel-accurate adjustable super-resolution. First, an image degradation strategy is optimized
to address the characteristics of hole-shaft images, and a dedicated super-resolution dataset is constructed. Second, a geometry-aware
and pixel-accurate adjustable super-resolution network is designed, achieving a balance between pixel-level fidelity and geometric
structure quality by introducing low-rank adapters (LoRA) and a loss function based on context loss and edge enhancement gradient
variance loss. For pose calculation, a spline feature extraction algorithm is proposed, and a pose optimization model based on forward
projection geometric distance and hybrid product is established to address geometric deviations caused by manufacturing errors.
Experimental results show that this method improves the position measurement accuracy from 0. 008 mm to 0. 003 mm and the attitude

measurement accuracy from 0. 14° to 0. 07°, while significantly enhancing measurement stability. In practical applications, this method
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has been successfully used in helicopter lift system assembly, achieving an attitude adjustment accuracy better than 0.05 mm and an

assembly time of less than 30 minutes, verifying its effectiveness and practicality.

Keywords : aerospace hole-shaft structure; automated assembly; image super-resolution; feature detection; pose optimization
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Fig. 1 Typical aerospace hole-shaft image
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Fig.2 Degradation model of aerospace hole-shaft images
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Fig.3  Aerospace hole-shaft image super-resolution dataset
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Fig.5 Geometry perception and pixel precisely adjustable super-resolution inference process
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Fig.9 Gear tip midpoint extraction strategy
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Table 1 Parameters determine pose measurement

accuracy results (mm)
/\pix )\gﬂ
0 0.5 1.0 1.5
0 0. 006 6 0.004 7 0.003 9 0.005 6
0.5 0.005 3 0.003 1 0.002 5 0.004 6
1.0 0.004 1 0.002 9 0.003 5 0. 005 3
1.5 0.005 6 0.004 8 0.004 3 0.005 9

MEEH 1,182 K Y LoRA FULATIESN LoRA % &,
AR T RS R AR A 2 RS R (H G SR — ik
FOREIN A, FOA X PSSR, IR 2 D 0k B
AR N W e R S N U R = 2 e TR Ty
S IRAER ARSI, 2 A, AT, B4 T 0.5~
1. O B, A 200 E0KS BE 448 F 0. 003 5 mm, #(7E 0.5~1.0
X5 F SR — A0 0 SRR 2 R,

R2 HESMMNENEREER

Table 2 Subdivided pose measurement accuracy results

(mm)
A Ao
0.50 0.75 1. 00
0.50 0.003 1 0.003 2 0.002 5
0.75 0.003 3 0.002 7 0.002 3
1. 00 0.002 9 0.003 8 0.003 5

WML 2,2 A, FIA, BT 0.5 ~ 1, L2 ik

FEBJ AT, 2 A, TR0, 75,4, B 1 B (7 500 A
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Table 3 Mean and standard deviation of position

measurement accuracy test (mm)
IR 5 SR P22
JELE AN SR 43 R 0.007 636 0.003 268
o AR (L AT S5 B 0. 007 837 0.003 018
JUAR] SRR FIG 24 1 7] 4 0. 002 341 0.001 043
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0.016F —o— [ LML RIER 5 PR
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Fig. 14 Position measurement accuracy test results

in the effectiveness test
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Table 4 Mean and standard deviation of attitude

measurement accuracy (°)

IR 5 - bR
R N B 43 0. 130 156 0. 030 379
o FHERAE AR (R AT 3 B 0.137 110 0.028 055
JUIT RS Ry 7] 4 0. 065 782 0. 012 487
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Fig. 16  Attitude measurement accuracy test results

in effectiveness test
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Fig. 17 Simulated spline positioning bar features and

elliptical features under different pose states
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pose optimization
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