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Lightweight edge real-time detection method for low-grade pavement diseases

Wang Jingzhi!, Zhu Lu', XIAO Qian?, Huang Dechang', Yi Yucheng', Li Xiao®, Xiong Kui’

(1. School of Information and Software Engineering, East China Jiaotong University, Nanchang 330013, China;
2. Key Laboratory of Transport Tools and Equipment of the Ministry of Education, East China Jiaotong University, Nanchang 330013, China;
3. VKELINE Information Technology Co., Ltd., Nanchang 330038, China)
Abstract: Aiming at the problems of low efficiency, high cost and poor real-time performance of traditional pavement detection
vehicles, a lightweight edge-based real-time detection method for pavement distresses is proposed. This method adopts a novel
YOLO-Trip model to efficiently extract color and spatial features, and integrates TensorRT technology to achieve real-time detection
on the edge. For the existing mileage measurement challenge, an IMU and GNSS self-calibrated high-frequency odometer is
designed, combined with Kalman filter and linear interpolation algorithm to realize ultra-high-frequency mileage measurement. A
low-power on-board edge computing platform is built to collect and detect road surface images in real time without additional power
supply. In the mileage measurement comparison experiment, the maximum sampling error of the system is only 0.9% different from
that of the wheel encoder in the speed range of 0~40 km/h, which is significantly better than the single GNSS scheme. The model
comparison experiment shows that the YOLO-Trip model leads the benchmark model by 2.4% and 1.4% in recall rate and average
precision, while the parameter quantity and the computational load are reduced, which alleviates the edge computing pressure. The
system can detect transverse cracks, longitudinal cracks, alligator cracks and potholes and other diseases in real time, and accurately
record the location information, which is suitable for rural concrete roads and mountainous asphalt roads, providing data support for
road maintenance.

Key words: edge intelligence; target detection; Kalman filter; pavement distress; lightweight
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Fig.1 System architecture based on edge intelligence
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Fig.2 YOLO-Trip model structure diagram
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Tab.1 Training Experimental Environment Configuration

2 A
BIERS Ubuntu 22.04 LTS
WIBES Python 3.10
ETAN NVIDIA GeForce RTX 2080 Ti
LSS Intel Core i9-11900
A 32 GB DDR4
fili £ 128 GB
TRIE S SIHELE PyTorch 2.0.1
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P T T EE AL &, % TR EE I MUK E . R E ST, B
WA A AR T . AERAL AR AR R, SR &K T NVIDIA TensorRT FEA MK FE 24k 1
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Tab.2 Edge computing environment configuration

R JR A
ARG Ubuntu 22.04 LTS
HE Python 3.10
R NVIDIA RTX A2000 Laptop GPU
JELE S Intel Core 13-10105F
WA 8 GB DDR4
i 1 TB
A 42 PyTorch 2.0.1
TensorRT 8.6.1
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RS, HAERFEIZE (R) Hl Py marao.soos L5 E, BEARKEEEAH Y.

R®3 REEIL

Tab.3 Comparison of Accuracy

P 2% R P R P P2
YOLOV5-S ~ 0.599 0.509  0.538 0.296
YOLOvV6-S  0.607 0.514  0.546 0.300

PP-YOLOE-S 0.645 0.537  0.609 0.339
YOLOVS-S  0.681 0.567  0.637 0.360
YOLOvIO-S  0.667 0.556  0.619 0.348

RT-DETR-18  0.688 0.587  0.655 0.364
YOLO-Trip ~ 0.683 0.591  0.651 0.366

D ol

MF 4 aTRLEH, SR YOLO-Trip /£ $m Mt & 7 KT YOLOvV6-S. YOLOVS-S Al
RT-DETR-S. 1t4h, YOLO-Trip HIiIlZRAS (B 4245 F YOLOV6-S. PP-YOLOE-S. YOLOvS8-S fil RT-DETR-S,
WM FE R . AR 4 BRI S, YOLO-Trip fEAA RIS BRI ENFN, SCBlT B
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Tab.4 Efficiency comparison

N/ (x10°4N) GFlops T/h F/ms
V) 2% A3 B

YOLOVS-S 7.02 15.8 8.763 11.7
YOLOV6-S 16.8 44.2 13.982 26.2
PP-YOLOE-S 7.9 17.4 8.890 12.1
YOLOVS-S 11.2 28.6 10.27 13.4
YOLOvV10-S 7.2 21.6 9.2 12.9
RT-DETR-18 19.8 57 11.8 20.6
YOLO-Trip 9.79 26 9.679 13.7

4.5 FHGEFXW
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(1) HEHEAE

1% 5 % F I RTX A2000 2K FP16 5717 18.6 TFLOPS(TOPS), i At} b (i il 45 % 4 RTX 2080
Ti &F (Th#E 300 W) ) FP16 57124 26.9 TFLOPS (TOPS) . Hi# ) TDP WAL N 70 W, FRefigflrit
AT A RERN 5. BEAh, @It TensorRT HEANBLALIEAT DAL b, I f5 (BB 7E HE FRR R) 135
HRERT.
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