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Figure 2 (Color online) The proposed DETR method based on sequential matching and historical experience transfer.
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Table 1 Information on the aero-engine defect detection datasets
G/ P A KR X4 {45 FRFAH
AE-SD4 291 4 8:2 ggXtEb . PG TIANR N E, A/ NGO R crease, damage, dot, scratch
AE-SD6 285 6 01 JUATIAS . 30 FsUE, 7(;%%&2%& BRO%ER  crack, chrjk ’dzzzrhmeczteer;al_miss,
AE-SD5 3258 5 8:2 BOKHIE . ZRARE. BAWEHZ REIRE  burned, broken, crack, dent, nick
%2 EHIREAE-SD4 &I IEMERENS L
Table 2 Performance comparison of various methods on AE-SD4 dataset
Xf 75 Precision Recall Fl-score mAP@50 mAP@50:95
YOLOv5™! 89.5 59.6 71.6 69.2 357
YOLOv8™ 88.9 69.1 77.8 74.6 36.3
yoLovi1® 88.7 62.4 733 79.3 36.1
RetinaNet™™ 66.3 74.9 70.4 78.5 39.5
TOOD™ 77.0 70.0 733 81.0 38.8
Faster R-CNN!” 75.3 67.2 71.0 70.4 35.0
DETR™ 74.1 72.3 732 76.9 37.2
DAB-DETR" 90.3 77.1 83.2 77.1 36.4
CO-DETR™ 85.9 78.2 81.9 775 37.8
Deformable DETR™" 89.7 79.6 84.4 80.1 38.1
RT-DETR™ 90.1 78.4 83.8 81.4 36.8
DINO™ 88.3 79.6 83.7 83.1 39.0
Align-DETR! 93.5 80.1 86.3 82.6 372
KTk 93.5 81.4 87.0 85.5 40.2
%3 EBIEEAE-SD6 & 7 EMEREXS H
Table 3 Performance comparison of various methods on AE-SD6 dataset
o L 732 Precision Recall F1-score mAP@50 mAP@50:95
YOLOv5"™ 80.8 79.0 79.9 82.5 51.3
YOLOv8™ 86.4 75.7 80.7 81.2 51.7
yoLov11™ 83.6 74.4 78.7 80.4 49.8
RetinaNet'®! 60.6 59.1 59.8 61.7 34.4
TOOD™ 69.5 70.1 69.8 75.9 48.5
Faster R-CNN"” 79.8 74.3 77.0 75.9 413
DETR™ 772 75.4 76.3 76.7 48.4
DAB-DETR" 87.9 83.8 85.8 81.9 53.1
CO-DETRM” 78.4 84.5 81.3 83.4 52.8
Deformable DETR"" 87.9 81.8 84.7 82.5 53.1
RT-DETR™ 88.3 81.3 84.7 84.5 54.2
pINo™ 89.4 83.1 86.1 84.1 53.4
Align-DETR!" 88.7 82.8 85.6 83.4 50.1
KTk 91.2 84.6 87.8 87.2 55.1
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Figure 6 (Color online) The trade-off between precision and recall for different methods on AE-SD4 and AE-SD6 (bubble size indicates

mAP@50:95). (a) AE-SD4; (b) AE-SD6.
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Figure 7 (Color online) Performance improvement analysis relative to the strongest baseline on AE-SD4 and AE-SD6.
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Figure 8 (Color online) Radar chart of performance metrics for different methods on the AE-SDS5 dataset. (a) Precision; (b) Recall; (c¢) F1-score; (d)
mAP@50; (¢) mAP@50-95; (f) mAP@75; (g) mAP_s; (h) mAP_m; (i) mAP L.
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Table 4 Results of ablation studies on AE-SD4 dataset
WiRzS Precision Recall Fl-score mAP@50 mAP@75 mAP@50:95
Baseline 93.5 80.1 86.3 82.6 30.9 37.2
Baseline+tM1 91.2 82.6 86.6 83.1 31.0 38.7
Baseline+tM1+M2 92.1 82.4 87.0 84.6 33.0 39.9
Baseline+M1+M2+M3 93.5 81.4 87.0 85.5 343 40.2
F 5 TEAE-SD6 L[yl mh st 45 1
Table 5 Results of ablation studies on AE-SD6 dataset
Fik Precision Recall Fl-score mAP@50 mAP@75 mAP@50:95
Baseline 88.7 82.8 85.6 83.4 52.1 50.1
Baseline+M1 89.3 83.2 86.1 85.9 52.1 52.6
Baseline+tM1+M2 90.1 82.7 86.2 86.3 53.0 53.4
Baseline+tM 1+M2+M3 91.2 84.6 87.8 87.2 53.6 55.1
88.0 1 55.2 7
Recall+ —@ +038
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Figure 9 (Color online) Results of ablation studies on AE-SD5 dataset. (a) Fl-score stepwise gain; (b) mAP@50:95 stepwise gain; (c) advantage

over the Baseline.
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Figure 10 (Color online) Visualization results of our model on aero-engine defect detection test samples.
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Figure 11 (Color online) Comparison of matching consistency between baseline and the improved method across decoding layers. (a) AE-SD4; (b)

AE-SD6; (c) AE-SD5.
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Figure 12 (Color online) The iterative curves of loss functions trained on different datasets before and after model improvement. (a) AE-SD4; (b)
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An aero-engine defect detection method via sequential matching and
historical experience-guided transfer

WU PeiShu'”, ZENG NianYin', LIU QinYuan’, CHEN Liang', CHENG ZeRui' & TENG Da'

" School of Aerospace Engineering, Xiamen University, Xiamen 361102, China
? School of Computer Science and Technology, Tongji University, Shanghai 201804, China

Borescope imaging of aero-engines often suffers from specular highlights, oil contamination, low-contrast micro-defects or elongated
defects, and probe perturbations, which induce cross-layer reassignment and unstable convergence in end-to-end detectors. We
propose an end-to-end aero-engine defect detection framework based on sequential matching and history-guided transfer. Building on
Align-DETR, the framework designs three complementary mechanisms spanning features, assignment, and optimization: (1) adaptive
history-guided cross-attention leverages historical regions and quality priors to stabilize cross-scale information aggregation and
target alignment; (2) adaptive context-guided bias injects a hysteresis term into the linear assignment stage, raising the reassignment
threshold and suppressing rematching; (3) matching consistency loss anchors intermediate layers to the final-layer distribution via
depth-weighted KL-divergence alignment, enforcing cross-layer consistency. These designs render the originally implicit inter-layer
dependencies explicit and differentiable, reducing assignment jitter and gradient conflicts, and promoting monotonic box refinement
with stable convergence. Extensive experiments on three aero-engine defect datasets demonstrate consistent gains in detection
precision and recall over strong baselines and mainstream competitors. On AE-SD6, our method improves mAP@50:95 over Align-
DETR by 5.0%, markedly increases early-stage matching consistency, reduces the number of iterations required to reach a given loss
threshold by up to 59%, and converges to a lower and smoother loss plateau. The results verify robustness and generalization under
challenging conditions and provide a scalable, engineering-ready solution for intelligent aero-engine defect inspection.

aero-engine, visual defect detection, sequential matching, history-prior guidance, convergence stability
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