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Abstract

This paper addresses the pain points of low efficiency and environmental interference in traditional
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road surface damage detection methods by proposing an improved algorithm based on RCGELAN-
YOLOv11. Building upon the YOLOv11 framework, we optimize the network architecture by replac-
ing the C3k2 module with the RC-G-ELAN module, achieving dual improvements in detection accu-
racy and computational efficiency. Specifically, the RC-G-ELAN module introduces RepConv (repa-
rameterized convolution) to enhance feature extraction capabilities, adopts Conv 3 x 3 modules to
simplify the network structure, converts serial architecture to parallel architecture to reduce re-
dundant computations, and adds Conv 1 x 1 modules in the backend to facilitate channel interaction.
Experiments were conducted using the GRDDC2020 dataset (containing 14,569 labeled images cov-
ering 10 damage types), with training, validation, and test sets divided in a 7:1:2 ratio. Results
demonstrate that the improved algorithm achieves comparable detection accuracy to YOLOv11
while reducing network layers by 19.33%, parameter volume by 15.84%, gradient computation by
22.81%, and GFLOPs by 6.15%. This significant reduction in computational complexity provides ef-
ficient and reliable technical support for road surface damage detection in complex scenarios.
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Figure 1. Network structure of YOLOv11
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Figure 2. Network structure of C3k2
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Figure 3. Network structure of RC-G-ELAN
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Figure 4. Network structure of proposed algorithm
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Figure 5. Road damage dataset images
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Table 1. Experimental parameters
# 1. XHSH

R4, ZHA
WRE K 10,198
Uran Sy 1457
A B Ay 2914

epoch 300

225 % 0.01
batchsize 32

Ak SGD

K 6 R T AR AR GRAE. Hb, Ri=207 B2 T B EBE B RE AR i o, B
i, BERARIERE I epoch, YNNI loss {f: 1M 5 P9 41 PRI 2 7 HERf It 18 4k a5, TR DA
AREE IR epoch Jytdidl, LAMERAZ NG, fEVIZRIAIE, AT ATE b a2, B IR IR epoch HIE D
W, 4y3&A5sk cle_loss. TR FAES 2 box_loss LA K /A FAESR 2% dIf loss ) R ILFRS: FIEAS, 1
T KE HEE precision A [FILEA recall DL 42 J5 P3G B mAP E DA, BHZREmABTRE.

train/box_loss 5 train/cls_loss train/dfl_loss metrics/precision(B) metrics/recall(B)
—e— results 0.6
3.5 3.5 0.5
4 0.5
3.0 4 3.04 0.4+
0.4+
i 34 ] 0.3
2.5 2.5 034
0.2
2.0 1 54 2.0 0.2
0.14
1.5 1 1.5 0.1
T T , r r , T T r T , r 0.0+, r r
0 100 200 0 100 200 0 100 200 0 100 200 0 100 200
val/box_loss val/cls_loss val/dfl_loss metrics/mAP50(B) metrics/mAP50-95(B)
0.30
3.51
3.5 1 51 0.5 1 0.25 1
3.01 0.4+ i
3.0 44 0.20
0.31 0.15 A
2,54
2.5 A 3 0.2+ 0.10 -
2.0 1 5 2.0 0.14 0.05
0.0 0.00 -
0 100 200 0 100 200 0 100 200 0 100 200 0 100 200

Figure 6. Training procedure of proposed algorithm
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Figure 7. Comparison of the algorithm detection accuracy (mAP50)
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Figure 8. Testing situation of the proposed algorithm
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