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T 3

Abstract: Aiming at the small target scale and low detection accuracy in traffic signal detection, thisstudy proposes a
traffic signal detection algorithm based on improved YOLOVSs. Firstly, a feature pyramid module RSN-BiFPN is
constructed to fully integrate traffic signal features of different scales to reduce tafget missed detection and false detection.
Secondly, a new feature fusion layer and prediction head are introduced to improve the perception performance of the
network for small objects and enhance detection accuracy. Finally,. the EIoU function is adopted to optimize the loss and
accelerate network convergence. Experiments conducted on the public dataset S2TLD show that compared with the basic
network, the precision rate of the proposed method is increased by 4.1% at 96.1%, the recall rate is 95.9% with an
increase of 3%, and the averagé precision is increased by 1.9%, reaching 96.5%. Meanwhile, the improved algorithm
achieves a faster detéction speed of 22.7 frames per second. The proposed method can realize rapid and accurate detection
of traffic lights and can be widely employed in the research on analyzing traffic lights.

Key words: traffic light detection; YOLOvVS5s; small target; feature pyramid; EloU loss function
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23k Y SR IR XS LE AT, S5 IR R SEIS A, iR
BB E I — AN/ B Arks D ZE o] AR AR . B
KK, Precision [HIEFF 1.6%, Recall {HIET 1.4%,
mAP $Et 1.2%. SR, HH TR0 1Rz, TSRS,
FECFPS NI 2.7 f/s. SK58 B 1, K backbone 1 [¥)4F
A 45 5 4y RSN-BIFPN, S5 (4 T Bl i 45
2 RPEWIRHIE. A LT IR MR, SEI80 B 1 Precision {H.
Precision . mAP {E7 53T 1.9% 1.4%. 0.7%. %l
AMRRE T EE 2 ERRHIE S BOT A S, 115 FPS R
F% 3.6 f/s. SEUG C X402k R BOHAT Btk 5, 5 AR et
WERIFH L, Precision fHEFt 2.8%, Recall {HIEF 2%,
mAP Tt 0.6%, FPS & 0.9 f/s, { F A | (452 2% o 5
R AN F H RS, 9256 D s, RIS H bR
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2 S R IE 4 735, 70 R B 2 RFAE 1 [R5 T
T XN H AR RIS I SR & e M, Precision 1B« Recall

{EF mAP 43 5T 2% 0.3% A1 1.3%. #R1M0, BTt
BRI, FPS TR 3.1 f/s.

R3 IR S RO

e RSN-BiFPN4: 714 A INER iy sl E&T:;ZOU Precision (%) Recall (%) — mAP (%) EPS (fls)
YOLOV5s — — — 92.0 929 94.6 232
A V — — 93.6 943 95.8 20.5
B — v — 93.9 943 953 19.6
C — — \ 94.8 94.9 952 223
D v v — 94.0 93.2 95.9 20.1
A V v v 96.1 95.9 { 96,5 22.7
| ° -

A iR 3 b et i mes, b5 3 vERRE AR AR EL, AR SCHE
AN AR DN AT HE T, B TR AR TR ) o A R R T
4.1%, 15 96.1%; A BIRIZT; 3%, 15 95.9%; mAP Tt

1.9%, 1& 96.5%. 1X LUt S mE O SZIGAE B T e 15 5

BRI B Ak, T 8 JE R TR ke b
SEAE mAP _FIHIIRTE g .

.
L

92.9
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ES
il

Yellow
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O i O 8 4

4.
All _9696.5
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Map (%)
YOLOvSs = &fi# YOLOvSs

K8 YOLOvS5s Mgt YOLOvSs [ mAP %t EL I
3.5 ITHESCIEEER SR

9T B UEASCHE H I ROEE(F) YOLOvSs SLUATEAN

JROPEAZ 3AF 5 T RS 75 T 1) 2k, A SCHEAT T Re
Xt HE SR, #2odEy YOLOYSs 5035 B A IR H b5
M %, B35 YOLOV3-tiny YOLOVSs. YOLOV7.
SSD #il Faster R-CNN BT L%, SZi6 2k RNk 4 FioR.

IR R 4 R SEER A R, W LUK AR SCHE
{1 S SR VR TE A DDRS 6 B2 g T A T HoAth A . 5
YOLOv3-tiny. YOLOv5s. YOLOv7. SSD #l Faster
R-CNN #EBYAH LY, oS0t A5 Y (1 51 35 6 1 55 90 ) B2 7
4.1%- 1.9%. 4.2%- 20.5% A1 0.2%.

A (RS2 PE R SR 4 AT, 280t AR SCHg ek
HEEEM) FPS ik 22.7 f/s. B9 5 YOLOv3-tiny Al
YOLOv5s H Ll A FEAIS, {HAHEE T YOLOV7 # Faster
R-CNN $ik, 2 SR Ik DUk B 43 7 $2 /=1 8.3 s

250 W7t JF K Research and Development

21,4 8. [ 25 )7, S B —
e A\ \ s

"‘4‘ F 4 WIS R ST
Rt mAP (%) FPS (f/s)
YOLOV3-tiny 9.4 32.1
YOLOV5s 94.6 23.1
YOLOV7 923 14.4
SSD 76.0 27.9
Faster R-CNN 96.3 1.3
AL 96.5 22.7

JE I bl s a6 g5 S a] kB, et e B BE A Rk
PUAZ A 54T HeRf . DO MR, 32— BB T A
SO R AR E T
3.6 MR

9 T B R Y A AR, A ﬁx@?ﬂﬂ%%i&ﬁﬂ
BALS BT, IR SRR S E‘J/J\%%ﬁ)%%ﬁﬁijwﬁi
9 JE7 T ARFERE INVELER I 5. 75 9(b) i, 5t
48 Y\QLO\}‘SS )fﬁff‘éﬂi%"é*ﬁiﬂﬂ FAT e R AL
WESAT, TAERE 9(c) Hh, it e R AL E i v m /s H
Fres 2= s Dt 2 72007 bR, B 10 EoR 17 2 BAs
FIRE IS L. 72 B 10(b) A, Ji4h YOLOvVSs f i 45 H
(9 B bR BAE 2 508 0.33. 063+ 0.63, T #E K 10(c)
wh, Sk S A A S ) H bR ELAE O R T &
0.74+ 0.74. 0.70, S5t AR A AE AT RS B2 b A P2
TE B 11 R T T AN B AR A L. 8
XTEEEL 11(b) FE 11(c), AT LA %2 21 ek f5 AR 7 i
TRH 7 RSN-BiFPN FHIE 4 755, 1558 5o 5 1k
T 3Rl H BRARFAE, 8 Rz BR B 10/ H bR R A N BT
1. &2 LATIR, Bt YOLOVSs AR Z 7RG /N RO %8
BE ST BAR 7 R I T IR 46 YOLOvSs A4, [=] i
WD T A AR Sk S AR A B T A ) PR R AN
B e A RS R .

© TEREBIK R

http://www.c-s-a.org.cn



2023 4F #5324 H 121

http://www.c-s-a.org.cn

i H AR G N H

(b) YOLOVSs

Bo fRSEEE/N H AR

(a) R (c) Bui# YOLOVSs

(a) FKE (b) YOLOV5s
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AL A [R] I, 3 A5 0B B AR R A 2 Ak,

A5 P AR 0% B A7 b R AL D X AR T R IS8 A 5
AT. BEAt, SRF EloU 4% mmmmﬁm 1301 FAE, 8
%ﬁzﬁkﬁjﬁﬁ’ﬁ“vﬁ! HE & EM&'\&F‘%D{EF@ LB
#EJF YOLOV5s 1;%’*“ 1) mAP i5 5] 96.5%, AL JE 4R
YOLOvSs BRI i 1.9%. BhAk, %455 ) FPS iA F
22.7 f/s, 256 25 AR B E AN B A8 B A RS B2, ik
R i 2 S A I R 75 SR AR B T AR A, 1hRiiE
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