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Table 1 Quantitative comparison of
the proposed method with multimodal
segmentation methods

Vikr mloU/% @ mAcc/% @ OA/%
IKD-Net™ 55.9 73.8 86.1
TransFusion™ | 56.3 74.4 86.8
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MFNet™" 60.1 74.2 89.1

MFFNet™® 62.8 76.1 90.3
Ours 67.9 77.4 94.6
R2 BAHRHEERERRIT

Table 2 Impact of each component on the
segmentation performance

HEEER | CAM | SAM | mloU/%
v 64.7
vV vV 67.2
vV vV 66.6
V Vv 4 67.9
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Table 3 Comparison of the proposed method with non-contact measurement methods

Jitk PeE R B R?
B p R b 091
Sy IX e & 0.94
Ours 0.97

LR ZE [um EE M [um
0.27 +0.12
0.24 +0.09
0.18 +0.05

x4 EFXRTHTHRAEENUEAZNEILR
Table 4 Comparison of measurements between the proposed method and benchmark methods
under composite interference
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6=0.01 y=1% 438
5=0.03 y=3% 12.4
0=0.05 y=5% 17.8

Tk D AXRTERZE 1% | TR IEAIXT RS 1%
6.7 19
16.2 58
205 115
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Aero-Engine Blades Roughness Measurement Based on Multimodal
Structure Perception

SONG Min', XU Yue?, ZHANG Yinlong®
(1. School of Computer Science and Technology, Shenyang Institute of Engineering, Shenyang 110136, China;
2. School of Computer Science and Engineering, Northeastern University, Shenyang 110819, China;
3. Institute of Al for Industries, Chinese Academy of Sciences, Nanjing 211135, China)

[ABSTRACT] As a core component of aero-engines, the surface roughness of blades is a critical parameter for
evaluating blade performance. However, traditional methods are constrained by the geometric heterogeneity of complex
blade surfaces and interference from surface noise, often leading to segmentation errors and unstable measurement results.
To address these issues, this paper proposes a measurement method that integrates a dynamic graph neural network
with frequency-domain signal processing. To overcome the difficulties in region segmentation caused by complex blade
geometries, a structure-aware segmentation network is designed. This network adaptively constructs the local topology of
point clouds through dynamic graph convolutional layers and enhances boundary perception of key regions via a cross-
layer channel-spatial attention mechanism, achieving precise component-level segmentation. Building upon this, a robust
roughness quantification method based on uniform grid division and contextual fusion is proposed. This method divides the
point cloud into uniform micro-element grids to extract and fuse micro-geometric features, models the spatial correlations
between grids, and adaptively fuses features while suppressing outlier interference. Evaluation results demonstrate that
the proposed segmentation network achieves an overall accuracy (OA) of 94.6% in blade component segmentation tasks.
Compared with contact profilometer measurements, the coefficient of determination (R°) of the proposed method reaches
0.97, the absolute error is within 0.18 um, and the repeatability is + 0.05 um. The proposed method achieves robust
measurement throughout the entire process from region segmentation to parameter calculation, providing reliable technical
support for in-service inspection, condition assessment, and remaining life prediction of aero-engine blades.

Keywords: Aero-engine blade; Multimodal fusion; Point cloud segmentation; Roughness measurement; Dynamic graph

convolution
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