S Al K T S /T S N %48 % 4 16 ]
ﬂmﬂ%‘ﬂ@%ﬂw ELECTRONIC MEASUI:IISMi\IT TECHNOLOGY K iiZS 4:?%81)2
DOI:10. 19651/j. cnki. emt. 2517788

ETHRBFEESREFERNEEHin@n-

2xH#H 2 B B &
(I.FHBRFEAIAEFR LEKF 830017;2. kAR I X FHHAMAFEIARLFR K& 116024)

W OE: EWAREINEARESES N ERELMAA LA T A EEEL., AW AR EET ST
Y /I B AG: D0 X JE AC A B  4 Bst H BRE S Y A [R) A, AT X DA L R A, 4R — 3 T i R AR AR S 22 R R A
AU YOLOVS M ZEH HARK I A%k EM-YOLO, B4, Wit T —Ffi R 5l %M 2 RERFIES, U4 &0 AR iEs
22 ROBERFAE - T S0 B4 0 i+ 2%, S sm 0 35 5t F 0 RE . LG RRIEFE M4 s At R p & R B AN W (R R
B8 2% L T /0N B AR 4 0 A 0 3R B AY AT AR AR B0 N EE T 41 15 B A2 . S L 4R M 40 Y R AF 186 58 e L i o 7 o 4
BRI 2 B RRAE A7 A0 5 B M s /N B AR R, RS . 20 7 1 45 SRR A P BOR I 1k BB T R A R
BRI FE 5 %6 ot 18] BB 4 1 T — R AR Sk . S 458 PloU.Focaler-T1oU #l WIoU, ¥ T WPF-ToU., LUAL Ak I 25 3k 72 , 33
T HE TR M B . 05230 B0 AIF , B b J5 A R B4 K B AN A E] S L R AR AR A IR T 1. 9% Al 4. 1%, mAP50 Al
mAP50: 95 A BB FF T 4. 4% 3. 3% . HHATT A e A SCHR I 7 IR A UM RE AR AR R BLE AL, A — W
S L A A {H

KB LW E K ;N B R 2 RERRE 49715 B 30k R4

hESFES: TP391;TNIL9. 8 X EERIRAD . A EXRirEFER KK 520.6040

Vehicle detection based on boundary and multi-scale feature

Li Tianlin' An Yi"* Chen Yan'
(1. School of Electrical Engineering, Xinjiang University, Urumqi 830017, China;
2. School of Control Science and Engineering, Dalian University of Technology,Dalian 116024 ,China)

Abstract: Vehicle target detection is crucial for intelligent driving, intelligent transportation, and public safety.
However, challenges like background interference, small targets, and vehicle occlusion in dense traffic affect detection
accuracy. For these problems, we propose EM-YOLO, which improves YOLOvS8 by fusing boundary features and
multi-scale features. First, we design a boundary-guided multi-scale feature block. It combines boundary and multi-
scale features to improve the backbone network and enhance its ability to suppress background interference. Second,
features lose details information as they flow through the network. Small vehicles extract fewer effective features.
which worsens this issue. we propose a feature enhancement block that combines features from different layers to
reduce detail loss and improve small target detection. Then, we analyze the performance drop caused by occlusion in
dense vehicles and propose a detection head to address this issue. Finally, WPF-IoU is constructed by combining PloU,
Focaler-IoU, and WIoU. It optimizes the training process and improves detection performance. Experimental results
show that the improved model achieved a 1. 9% increase in precision and a 4. 1% increase in recall compared to the
original model. The mAP50 and mAP50:95 improved by 4.4 % and 3.3%. Compared with other advanced methods,
the proposed method outperforms in all performance metrics and has significant practical application value.

Keywords: vehicle object detection;small targets; multi-scale features;detail information;loss function
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Table 1 Results of ablation experiments

Uk A B C D P R mAP50 mAP50:95 Params GFLOPs
N 85. 6 65. 7 76. 6 52.3 3005 843 8.1
N NG 86.1 66. 4 77. 2 52.8 3005 331 8.0
N N 85.5 68.5 78.3 54.5 3 897 555 11. 8
N N/ 85.9 67. 8 77.9 54.0 2 240 100 8.6
J J 86. 1 67.7 78. 3 53.3 3005 843 8.1
N NG N 87.5 68. 6 79.3 54.5 3897 043 11.7
N N/ J 87.0 69. 4 79.5 55.3 3135 908 12.4
N NG J 85. 9 68.0 78.2 54.3 2 239 588 8.5
N N N 87.0 67.1 78. 4 53. 4 3005 331 8.0
N N N 87.7 67.9 79. 2 54.5 3 897 555 11. 8
J J J J 87.6 69. 0 80. 2 55.0 3135 908 12. 4
J J J J 86.5 68. 3 79. 3 54.1 2 239 588 8.5
N NG N/ J 87. 1 69.7 80. 2 55. 4 3135 396 12.3
N/ NG N/ J N 87.5 69.8 81.0 55.6 3135 396 12.3
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I 221 0 26 (1) 45 2 R A0E , % A R AF A6 I 28 3 sl ad 2 b 4
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FHARE Ty . B AN, K I 3k BE % 07 X ZE 5 AR LG B B, 1
FRAE T 2R T0 Ik T 2 DL B i) Rz DX 35 37 5 e 5 38004 R I B
TR AT SR AR, IR Y YOLOvSn 78 3
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Table 2 Comparison of results from different methods
DiRis P R mAP50 mAP50:95 Params GFLOPs
YOLOv3-tiny** 82.5 57.9 67.2 41.6 8. 66 12.9
YOLOv5n™! 84.9 65.6 75. 8 48.7 1760 518 4.1
MLCA™” 84.7 62.8 73.9 47.2 3082 588 6.2
YOLOv6n™" 85. 2 64. 6 74. 8 50. 7 4 233 843 11. 8
YOLOv5s™" 86. 9 69. 8 79.7 53.8 7012 822 15.8
YOLOv6s™" 88.3 68. 6 78.9 54. 8 16 297 619 44.0
YOLOv8n™ 85. 6 65. 7 76.6 52.3 3005 843 8.1
MIF-YOLO™ 86. 5 66.9 77.5 53.4 3005 843 8.1
YOLOv9t™" 86. 2 64. 7 75.9 52.0 1970 979 7.6
YOLOv10n™ 84.3 64. 6 75.9 51. 4 2 694 806 8.2
RHL-YOLO™ 84.0 64.1 74.7 51.1 1 247 492 4.7
Ours-n 87.5 69. 8 81.0 55. 6 3135 396 12.3
LVD-YOLO™ 87.1 67.9 78.1 53.6 5384 543 18.7
LCD-YOLO™ 87.5 69. 6 80. 2 56.9 9 465 443 25.4
YOLOv8s™ 88. 3 69. 8 79.9 56. 3 11125 971 28. 4
YOLOv8m"™” 87.9 73.0 82. 4 59. 6 25 840 339 78.7
YOLOv10s™’ 88.0 69. 4 80. 2 55. 8 8 035 734 24. 4
YOLOv1Om"™" 88.5 71.7 81.9 57.8 16 451 542 63.4
Ours-s 88.3 73.4 83.2 58.8 12 302 036 46. 1
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B AETE P 26 i gl AR v 41 5 5 BB 2k, ik 4h, RHL-
YOLO i HSH b ik 3 T W4, BARB/NT iR &,
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Improvement strategies and pros and cons of different methods
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Fig. 18 Visualization of detection results and heatmap
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