55 244 5 61 LGRS Vol. 24 No. 6
20254F 6 H Software Guide Jun. 2025

ETREFINEAX IR XERFRSERN

& 4, X B

(RAME & IARKRF HHEMFER, @ RFHR 610000)

i E AT TTI0OK R Ax EHBEE TN BAFENKES A RTH RAHRLE— , ARLEL L RAH T THAN
PR T 98, & T B AR M M 2% CenteNet2 32 31t 7 3 5 2 it . (D3 s — A0k T A7 &8 B Ao iR 8 B A B AR 09 20 3%
B ¥ Tk TT1I00K-sync, F# 7 il Ar & £ AN K E, BT EFAFFERBAHRAG T ; QA TRSINGHE—F
U M % 254 U-subnet, 3 B AR IR £ T A BSRE TR A OFIN—F A THE > Jeed BT T %
overlap—tiling, A% 7 B AR 4 ARSI T R AR S AR P oy s fE k. FHRERAN, ¥ RGO KRB EME T RIUE
E R RBRELNKSHRKREZERI 17645200, # 3% FRBAEE QA 113307, KB T U-subnet = over-
lap—tiling /& %9 M %, £ #7348 5 % PLR A.F 48 TT-normal . & X F % TT—fog #2 % & X F 4 TT-haze Lt 493X mAP50 48
YR %5 A E T 1.13%.3.26% #2 6.38%, B 542 I+ T £ B 2 R AT 69 M A ML AR
KA : BB AR S AT AR A R BRI S B AR B

m
£

4

DOI: 10. 11907/jdk. 241350 FHMZE(FRRS)FEIRG(0SID) . &
FE 43S TP183;TP391.41 XEkARIRAD : A X EHS :1672-7800(2025)006-0175-10

Traffic Sign Detection in Complex Weather Conditions Based on Deep Learning

LU Wei, WU Xi
(College of Computer Science , Chengdu University of Information Technology , Chengdu 610000, China)

Abstract: In response to the problems of imbalanced distribution of target categories and single weather scenes in the TT100K traffic sign da-
taset, as well as the decline in detection performance in complex weather scenes, three improvements are proposed based on the object detec-
tion network CenteNet2. Firstly, a dataset extension method TT100K-sync is proposed based on sign replacement and synthesis images with
depth map, which balances the number of traffic sign categories and adds two new weather scenarios : foggy and hazy images. Secondly, based
on joint training, a U-shaped network structure U-subnet is constructed to enhance the performance of the feature extraction backbone when
image quality decreases. Thirdly, a data preprocessing method based on image tiling called overlap—tiling is introduced to reduce the feature
loss of the target during feature extraction and down sampling. The experimental results show that the expanded new dataset balances the maxi-
mum difference in the number of traffic sign categories from 3 176 to 200 compared to the original dataset, and adds 11 330 fog and haze imag-
es each. The network that adopted U-subnet and overlap—tiling improved the mAP50 on the conventional weather subset TT-normal, foggy
weather subset TT—fog, and haze weather subset TT-haze in the new dataset by 1.13%, 3.26%, and 6.38%, respectively, compared to the
original network, significantly improving the network detection performance in complex weather conditions.
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Fig.1 The distribution of traffic sign category quantities in TT100K
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Fig. 2 Process of TT100K-sync data extension
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Fig. 3 TTI100K traffic sign sample set
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Fig. 5 Enhanced effect of traffic signs
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Fig. 6 Comparison of depth map
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Fig.7 Comparison of fog and haze images
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Fig. 9 Statistical distribution of target sizes in TT100K
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Table 1 Statistics of metrics before and after TT100K extension
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Fig. 13 Traffic sign detection results
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Table 2 Comparison test results on TTh (* presents our model)

®2 TTbHIEE LML MNIKER (RRACER)

2% Backbone AP AP50 AP75 APs APm APL FPS
YOLOX-S Darknet—53 0.751 2 0.833 6 0.763 4 0.642 3 0.826 7 0.870 1 48
EfficientDet-D0 EfficientNet-B0 0.761 8 0.8410 0.772 1 0.655 1 0.8312 0.875 4 45
Cascade R-CNN Swin-$ 0.828 9 0.890 4 0.843 7 0.720 4 0.882 7 0.908 3 29
CenterNet2 ResNet—50 0.825 4 0.881 4 0.839 0 0.705 8 0.888 3 0.9147 25
CenterNet2* ResNet—50 0.8314 0.8927 0.846 0 0.723 1 0.885 4 0.910 6 24
Table 3 Comparison test results on TTf(* presents our model)
F3 TTIHESE FHX AR E R (R FATEE)
[EE:S Backbone AP AP50 AP75 APs APm AP1 FPS
YOLOX-S Darknet-53 0.676 0 0.759 4 0.689 2 0.5618 0.752 4 0.793 7 48
EfficientDet-D0 EfficientNet-B0 0.657 0 0.740 9 0.670 1 0.5432 0.733 7 0.775 0 45
Cascade R-CNN Swin-$ 0.7259 0.801 0 0.740 3 0.6145 0.798 7 0.843 2 29
CenterNet2 ResNet—50 0.7350 0.805 5 0.741 3 0.611 4 0.774 4 0.856 0 25
CenterNet2* ResNet-50 0.761 0 0.838 1 0.774 2 0.650 9 0.8205 0.863 8 24
Table 4 Comparison test results on TTh(* presents our model)
F4 TThHEIEE LHITEALIRE R (+RFACEER)

B Backbone AP AP50 AP75 APs APm API FPS
YOLOX-S Darknet—53 0.6120 0.695 7 0.6252 0.500 3 0.688 9 0.730 0 48
EfficientDet-D0 EfficientNet-B0 0.607 7 0.691 6 0.620 8 0.4957 0.684 4 0.725 4 45
Cascade R-CNN Swin-$ 0.6455 0.7359 0.660 3 0.533 1 0.728 2 0.770 1 29
CenterNet2 ResNet-50 0.630 1 0.724 3 0.657 9 0.5389 0.7197 0.7659 25
CenterNet2 ResNet-50 0.706 1 0.788 1 0.720 5 0.590 6 0.782 2 0.706 1 24
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Table 5 Ablation study results
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