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Traffic Sign Recognition Under Complex Conditions

HUANG Jian, ZHAN Yue, HU Fan
(College of Information Engineering, Xi’an University of Science and Technology, Xi’an 710600, China)

Abstract: This study aims to delve into the joint detection of traffic signs and signals under complex and variable traffic
conditions, analyzing and resolving the detrimental effects of harsh weather, low lighting, andimage background
interference on detection accuracy. To this end, an improved RT-DETR network is proposed. Ba{;ed on a resource-limited
operating environment, this study introduces a network, ResNet with PConv and efficient multi-scale attention (PE-
ResNet), as the backbone to enhance the model’s capability tordetect 0cclusions and small targets. To augment the feature
fusion capability, a new cross-scale feature-fusion module‘(NCFM) is introduced, which facilitates better integration of
semantic and detailed information W1th1n images, offering a more comprehensive understanding of complex scenes.

Additionally, the MPDIoUloss funct1on is introduced to more accurately measure the positional relationships among
target boxes. The improved network reduces the parameter count by approximately 14% compared to the baseline model.
On the CCTSDB 2021 dataset, S2TLD dataset, and the self-developed multi-scene traffic signs (MTST) dataset, the
mAP50:95 increases by 1.9%, 2.2%, and 3.7%, respectively. Experimental results demonstrate that the enhanced RT-
DETR model effectively improves target detection accuracy in complex scenarios.

Key words: object detection; RT-DETR; complex condition; feature fusion; small object
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F, Wk HR. ZRAECCHIAEE (1] 45 1 55 5
R), o= B g0 FEAG I T RE, AT LS 7 A DU 45 .
AR R B R H AR R, BRI
fETFHAZ HARTHL.

LA R, TR B 25 DRI L 13 B K 1 R &,
FEAC AR BRI T T, Wei 22 AVRH T —Fh L iE T2
JRUEE ARSI 7] PR RS %8 Y OLOF-F (you only look one-
level feature fusion), % /7756 M 5.2 il &R E PRI Z
RS S B, B 7 FFM (RRIERL & A ) DL fle A
A ROBE BARFAE, FE3R T — PR B gm i 2% CBE (Fi9
TR 250 ), 0 3 T e 0 25 D 2 3 5 0
(TR 1, Iﬁ,lﬂﬂ%%iﬁ?y%ﬁﬁﬁiﬂﬂﬁﬁ. 2 i A NPIfE
YOLOv7 Hik i 5t EabAT 1808, & T RH K
AT A DY KIEAZ B FERG ISR 4, file 7 AR FRTE
B JIHLE A EE LA T2, XA B TR i E
B, e AP R, P S Iz ALt RE.
SRS NP R T —FhdE TR AL SSD s il br ks
7772 3 MobileNetV3 M43k £ 4 J5UH 1t VGG16
W28, AP T AR S H AP TR A
TN SE B[P 5k 2 2574 B-neck K& AL S
FRAEGE R, B0 72 RRAE (035 SRR AR, s N 7E
THI N0 % A2 38 37 s A sl b i/ B s Hegl sy AR EE T

PR H i FUE, 3 T — Mk ) YOLOVS A8 i . |

Ko B0, LI 31N BRA (WL H1R: 2% 1) 4L
i) SR 82 388 0 24 %/ LA [0 0 40, 9 4 i DCNv3
(T T 45 v3) e B S B M A TS G P o ) A
TR, B8 e 2 0 o 2 B R T . b,
SEIN T R TR BN AR Inner-IOU 5K 5 4.
163 BAT R 7T, Yao S5 AR T —H 4
A TL-detector 158 & 2 S AZ BT AT MY, 1 T
1 3R 2 T I % 2, LA P B 4 L BRI 1
B 5 NAARTE T 7 HL) LG T L B R D1
SREAE 77, SR A B 0O A 5 P25 AR 2 R
AT £ SR 2 RO A Liu 258 A9V 6 31 92 b i B o
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%, BINT P2 JELMRECE IS HOHHAE. 52 5] MOAT

R R, A1t 17— FoBr C3_MOAT 454, [A]
I, ML E YOLOVS Al Sk & 51 A £5 4 3 2 itk (1
RepConv #E4k, it — A ok 1 B K RFAESEIURE /7. 6
KA T — Mt i) YOLOVT Sk, 5% T
20x20 FIRLIREE, JFHEN T 160x160 MR, B FEAE
FEE AR S A2 AT )[R ISF, 1660 B v J= R AIE. 456 BiFormer
i R A1 ] BRA (bi-level routing attention) 1AL Fx v
AL, B S EAE AT A B R T T ABRA
(axially-guided bi-level routing agtention) fLEk. 5/ A
NWD (normalized Wasserstein distéﬁcel) s, ik
SR R R 450 SR B K T -

L 2T ONN I Bk U 7 v R 7 el
P EVE S 2R B2 (R B 04T 52T, o 7
PRI — o] 5, AL SR 5T Transformer [ RT-DETR
WX 2854 A A 7Y . Transformer 1 FH MRS 1 H V&
FIWLH RASE I A0 N7 41 Hh % 06 2R B I AH ELOR &R, AT
AR NS 2/ BT UE R, EE AR s
G PERE. VR N B A S o B v A A AR A
RT-DETR fEA S 285 8k — 20 e idk, SR} PE-ResNet
VE R AL T M2, IFBeit 7 HFIERL S NCFM (new
cross-scale feature-fusion module) F&HR, DL 5 45 7 7F
SIRIEE N HUIE M. A, AR SO0 K R AT T
Ptk SR MPDIoU 5t 2% bR 3. 1 6 o it {15 158 2 7
Ab PR ST AR PRI R It e \

| ik RT-DETR 4 )
1.1 RT-DETR £#]

“ RT-DETR R Transformer 42543k B R 4 2 7]
ARG &, SR AL AR R SCHEf#RE 7). RT-DETR
B 3 AN e T 8 L SIS I 4 A Sk B
76, IR PR L) ResNet B 7] 468U H) HGNetV2 3K
TERNETMS, Hih S3, S4, S51X 3 Fi RS II4F1E
K. £ 2, RT-DETR ] T — )2 Transformer
] efficient hybrid encoder, 035 P ML Rl & R B
attention-based intra-scale feature interaction (AIFI) Al
CNN-based cross-scale feature-fusion module (CCFM).
S 8 4 ToU-aware query selection F1 decoder P54~
H 3. AR AR SCHT R IR 1) BB A TE B I R B TR K, 3R
fiT%) RT-DETR MZ83EAT 1 #1301 ) ek, Bot e i o
FEERIE 1. B 1 NCFM 2% CCFM il 17
AT EI .

System Construction &4t 111

© TEREBIK R

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


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

it E RGN

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

20254F #5344 55 11

GCA_Upsample @ GSA_Downsample

Fs FTT NCFM! O
: .
: ©oo
| : ;g 0 0 |
[sfa]a]a]ufulalals] ] [ ¢ o | IoU- o [Decoder o Ik
t 1ttt tttttt ' ! o aware o o ll e
: c—:—»D—» 00—y & I o "
) 3 Query [ 2 = |
H ] . o Head o
: g Selectios o o
& o
_ 0
PE-ResNet B
BT oot R A A ! -
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MaxPool s=2
PEBlock
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PEBlock
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B RURHEAT SR O RHE R, 285 3 PCony B AT
IR 62 £ B I 58 A B, PConv JX B B 21X 35k
AT AL TR DB E 2% JRIRGAE, T G A S 3 A28 8
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JRELH T BAFHIEERE. CSP_PDC BRI S5t E 3 Fiik.
{ ! \ W
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JOE N IRFIEDS B, 38 2 420 3B — A 1x1 BRUR
BT TS AR RRAE R 3 23 4015 15 B i I 2k 40 SCAE
AL FEATPEE, SO T RHMIES SRS, BEORE
TR RHE R AT (E R, OB AT IR RS T
T RHE R R, IS e 1R IR IR R IA RE
FRTPRY 255 A (1) 1 .
132 GCA Upsample | RrEfH

fE RT-DETR Mg, ERFERKHAL KN
1R 1x1 B, H3Z IR T BB KN, Joid s i e 5
72 ) 7 (B R AR, 330 E SR AR S IR IE B = 2 /) — 3
PE. N T g — ), A SCHE T GCA_Upsample
(gated channel attention upsample) i, 4114 4 Frow.

|Coanransp0se| |Upsample| |» GlobalPool |
"
NTe ) [
Conv

1x1

!

4 GCA_Upsample 514K
I G TFEAT ERFE S S, MRS 2 SRR AR
PHR AR, Hp— %l B S m R
SR, REMS AR T TV I S (A RRAE, B S B TR,
A L RFE SRR E R &, 55— 328 iT upsample A

Ix1 B FEAFAE B RUT, B SRR RIA E A1, B (5 )

BER, 1R REEE S PR RE. P4~ 43 3 HGEIE 0%
HNERTER M —F, USRS M E i a5 61 1 iEiE
VE T HEAT RS AR R, | TR I R ) RS A
2T 19 2R, A BT 19 2 S 0 A [ T 0 3
V1) AR S 0 L TR, 4 FE T R R AT BA
5 Bl 9 245 B 4 b A SR RN R FH o 2 R SUAE B, M
PR REAE B ) o 2.
1.3.3 GSA Downsample FFEEARH
GSA_Downsample (gated spatial attention down-
sample) FEHLLILAL T RAE I FE N B A5, 5 FoRAE 2
A, R IEF I RFAE SRS 3. A0 B S BT 78 Ik 18
EH TR T, b — % CRAPK N 2 1 3x3 &
T, T — 2% 43 SO J 385 e Rt AK J2 % i N R ALE 3

AT N RFEHAE, AT kN RRE B RS, Bl s, &0t
Ix1 FERZ (Conv) 403, DLIA R @EE R AL
TR SR, B G TR RN ), W]
DA 1 3 46 SR A [R5 67 B 2 8] PR A S 1, A B T8 gk 2>
SHEPIFEMREEZH LT ER, R
2 RFE RSN RS /1. GSA_ Downsample R HLX — ¥ it
B AEIRAMESE 3%3 BN RAE R] REH SR O 48 15 3 e A
THE SN, 35 7N SRAERHIE I o AR

L
S£20§Z3 |MaxPool|‘ " | GlobalPool |
L ] ;
Conv Conv

o 1x1

: !
4—| Concat |—>| MulIiply |

Conv
1x1

!

K5 GSA_Downsample 544 &

NCFM 5 #bih 47 CSP_PDC fli &4k, GCA
Upsample R GSA Downsample R KRR
B, S T R UURHE IR Rl . X — Rl E i R
13751 2 B SRR S Z 1 240 7 R AR 15 DU AR 78,
S [FV e T Ay 4 T RN S SR
1.4 MPDIoU i & - "

RT-DETR ﬁj)ﬂ J-GloU (generalized intersection
overynion) /E 1 K BREL, GloU 76 Kl 32 3@ b 1R I A7
TERF TR IE 7 P25 2 o R 424 A i 28 175 450 b AN 2 DA
T 8 AN A 22 OB 1) ) /. FF HOR A IO HE 5 Sk
HESS) B L B /AINIMESETE, 1F 5 SISt Sk &2 52 3] R
il B AA SCfE ] MPDIoU &A% GloU SRS HE ) 5¢ i
R &l 6 Fizs, MPDIoU $ it T — Fiuli fii i i FHAE
AEALPEE VAL 7 3%, % V5 T e/ RO BE B AT R &
BEARAL T T4 FAE 5 B Sehri il FAE 2 1A /e b A
A T ASBRLRARES. REERELGES TIHA
10 5% B BT B A R B AR, LR HE Y E S X I
G RO R B DA R 6 v 1 22 e, (RIS 4k 1 iSRS AR
AR PR

Sigmoid

>

ANB
IoU = (A,B) = ——— 1
oU =(A,B) AUB (M

¢ 2 ¢ 2
d? = (o8- 8) + (50 -»Y) @)
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2 2
d% — (xgrd _ xgt) + (y;z)rd _ygt) (3)

d 4
MPD[OUZIOU—m—m (4)
Lyppiou =1-MPDIoU (5)

i MPDIoU 2% e K HE WS BE HE R 3L i 5 H ARAE
ZIE) AL G AR, S vk AR A A B H AR ST
TR B R AR 1

G

-
Y
K6 MPDIoU 5%
2 SEXGA AT
2.1 EWIME
ASZIG/E NVIDIA RTX3080 FiZ47, VR EE 5 SIHE

B H PyTorch 1.12.1, 7 &3R5 4 Python 3.8. i A\ &
FRSF N 640%640, epoch A 120, K AdamW 1it1k
8 WA S Z N 0.000 1, momentum A 0.9.
22 HiRE
2.2.1 CCTSDB 2021 ¥#fi 4

CCTSDB 20212 KybH T K2 AR Y% CCTSDB
2017 AT Sk ) b B A0 bR R . LSRR

B

® -
K8 MTST £fiade i F il
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(b)

& (mandatory), 25 1E458 4 (prohibitory), & & br &
(warning) X 3 KFP A @ AT &
222 S’LSD ##i

S*TLD" ¥ 4 /2 /i b g 503 K 2 R IR A A8 8 A
IR, Hot 4563 KA HEE A 720x1280 K T
MR, BIFELAT (red) BT (yellow)s ZEJT (green).
KM (off) 1X 4 KFPK.
223 MTST %4

?\JTﬁ@y%ﬁﬂ%zﬁﬁﬁﬁﬁiﬁfiiﬁ%%ﬂ%ﬁﬁ
SR 110 R, FRATHE A8 8 b 25 SR 42 €CTSDB 2021 3

il F, RS S kTSRS STED H A w45 1 Sk
AT AR AR TR SR PR T 3 R AR T %

_T0003KRTR . TR KA . BE, AR b
PET A labelimg X4 7 /5 10508 S 0E4T 7 S B hRiE,
FRIERIZE BB 7 Fis. Zeid DL Ab 3, 341145 31
T AN e B I B . O A (A A A A
SEAT, W T 0 8 B R M A IE AT R
TR AR IEIREE L B AR ST B
FFE AR SRR 5. B X AR 4R fr 44 9 MSTS (multi-
scene traffic signs), B 2 37 5 AC AR IR EUPR 4R, FF 4%
6:2:2 LI 53 J I 258, SR AT, 7951301254
12801 7K, I IFHE AR % 4267 7K.

Q@ AL AOO

@%ibhE () s \‘ © forhi

08

: \, (A 284 (e) 54T

-

() #IT
K7 MTST 855 Kon Bl

(d)

7 (g

=4
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2.3 1N ERR

ARICRH T 24 B sk v 48 bR 2 AT I E, £
TR (). A RIE (R). FEIFE A (mAPS0 Al
mAP50:95). S%(& (Params). i£J¥ (FPS).

TP
P= (6)
TP+FP
TP
R=—7— (7
TP+FN
> AP
AP = 8
" N(class) ®)

AP {87y PR W4 T I IR, AT LA St A4~ 26591
TR ¥ HER 2. mAP (mean of average precision) A& X fIf
AR AP AERFEIE. mAP50 FoRAE ToU BIE N
0.5 BN mAP [E. mAP50:95 3w 1E B E X [8)
[0.5, 0.95], KN 0.05 (918 mAP {H. FPS {£ H byt
AT P e 7 RS TRY 7 Sizefd 35 o b PR (3
24 SLWWERSH "

SRAIE AR SRR Z AL R, FRAT7E A SE R 4R
CCTSDB 2021 zZilibr EE & SLTD 15 54T ¥ ¥
XTI BEAT IR, % 1 F13K 2 R T RiE & - A 7
75 5%, RT-DETR LA RCAS SCHE tH A EAT 0T LL.

F 1 CCTSDB 2021 $#E4E L1156 45 B xt b
R P(%) R (%) mAP50 (%) mAP50:95 (%) ZH(E (M)

CHR[2] 931 819 87.5 — 32

XHk[3] — — 89.0 — 28.1
RT-DETR 912 82.9 88.9 55.9 19.8
AR 933 827 89.8 57.8 16.9

TE: I S e e

# 2 S'TLD ¥dftk s st Foxd b
AL P (%) R (%) mAP50 (%) mAP50:95 (%) ZH(E (M)

XHke] 0 —  — 95.3 60.1 6.71
XE[7]  — — 95.5 3 475
RT-DETR 96.7 93.7 95.5 1652 19.8
AICHIE 982 947 963 " 67.4 16.9

DA g A g e K

AR 1 R, RS HER DRI T, &
IR RLZE CCTSDB 2021 33 45 E ) mAP50 45
FRAHE T X EERE 7 Al 5 T 1 0.8%, 2.3% H1 0.9%. i
— B, £ 2 BT SEs 45 R, 7 S°LTD 4k
b, R AR LG, AT RISEIL T 14% IS 4L
IR, [ LEAER R A mAP50 A1 mAP50:95 1Ehx b
SRS T 1.5%. 1.8% F1 2.2% HIFRTF. AN, 76 3CHR[7]
B S SR A SHE N 2.8 BT, &
ORI mAPSO0 fabr ESEELT 0.8% HIFEFt; M5 3¢

BR[61H EL#E, mAP50:95 MR T 7.3%.
2.5 HRASCIS

SBRAIE B J7 %) RT-DETR W48 143 2k, %f b
RAEGHETE MTST $04 45 b 3dE 477 Rl S 96 DAIE B sleidk
TR0 AL B (W3R 3). NRARTEiZ AR A v
M T, 38 147 Rn )46 RT-DERT W25, 45
SRR, AN LA AR T .

£ 3 VRS R

PE- c MPD- P R mAP50 mAP50:95 Z¥i&E
ResNet "O MU 6 6) (%) LR () (M)
— — — 864867 868 521 19.8
v — 4+ 868879 878 53.8 17.1
v v L — 8850900 9038 55.3 16.9
W v V891903 910 55.8 16.9

2.6 MTST ¥iEsEXT L SLIe

TEAHF IR SERC B N, A SCESE 72T CNN FIW
B B 4% Faster R-CNN, B[ B 4% SSD. YOLOVS.
YOLOv7 1 YOLOVS, VL J2 T Transformer [¥] DETR.
Deformable DETR 1 DINO P28 % | #F MTST %k
42 RREAT O LLSEEE, 2 LR 4. S a R 3R A SR
RESHE /DR B, B (R)s mAPS0. mAP-
50:95 DL 2% FPS {35 T HoAthoxf b 2%, A 2 de T+ T
RGAE R AR5 T LI HORS v ks A 3@ A iR i PE g

# 4 MTST Hdlife Xy sein g

- ZHE  FPS \ mAP50 mAP50:95

F P (%) R (%)
M) (bs=1) ' (%) (%)
Faster RRCNNU 108 | & 7230 516 691 423
SDDI L OL6 8 735 497 684 396
YQLOvSm. 212 1451 8§58 848 873 50
YoLOov/'! 372 22 733 673 698 364

YOLOv8m 259 1487 893 884 90.1 535

DETR!® 41 — 781 762 784 44.9
Deformable
9] 40 — 823 806 825 47.7
DETR!
DINO™" 47 5 845 832  86.1 49.5

RT-DETR 19.8 179.6 86.4 86.7 86.8 52.1
AT 169 1951 89.1 90.3 91.0 55.8

T IR v L, bs=11A3Kbatch=1

2.7 HIMEERITEE

N T B I SO S B A N6 52 2% P I (1
REFRTE, AHFFIEEL T MTST B4 b i — 340 B A,
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