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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, and image background
interference on detection accuracy. To this end, an improved RT-DETR network is proposed. Based 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 to detect occlusions 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 within images, offering a more comprehensive understanding of complex scenes.
Additionally, the MPDIoU loss function 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.
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EN S, WA AN DK S8 7 Rl %4
VT B IR 1 B9 — TR L PRAR. g TR I L ]
R WEUR RIS T A SR, 8T AR AR EAE S AT
(R I A DU %) B 5 FNAH G E s J AR B =, IF HAE R
FINEE T EAT A DN 5 TR 0 A 2 T W o 22 PR A PR A
=, WER. HR FRAMCOCHRIAEE (5] 4 1 55 [
R, 2= B g0 FEAG I TRE, AT LS 7 A DU 45 .
AR R BRI E R S, AR,
fEFHEAZ HAr L.

AR, TR BE 7 2RI SR 45 3R OK 1) K &,
FEASIBAR SR T TH, Wei ZEANRH T —MEET2
JRUFEE AW 7] /85 ¥ 4G 25 Y OLOF-F (you only look one-
level feature fusion), % /7756 M 5.2 il AR E PRI £
FERHIE S B, B T FFM (FRIERL A B DLRlE A
) FROBE BARRAE, FE3R- T — P B gm S 2% CDE (fR Y™
JE i &%), Y oRARHIE B R i AR RS DGR S A B R
ARSI, ) B R A bR A S FE . 2 R 4 4 NP
YOLOv7 SHik 5t EabAT 1808, & T RH K
BRI Y KIESZE . FER IS 2, flE T AL bR
B IHL RN A LI A TV, X AN BT A I
B, I RERE AT RRAL L, B 2 Rz AT RE.
SRS NP R T —Fh g TR s SSD [fsg il br ks
7. A% F MobileNetV3 W45k B #e 54 (1 VGG16
W28, AP T AR S H AP TRl A
I 51N SE BEHR I 5L 22 4544 B-neck KB LS
PRAEG AR, 0 TR Z R 1035 CERAR. s N E
(RO SR 7Btk ik i AN ER e A FENE R 7S
LR [0 T, 2 tH T —FP it i) YOLOVS S ilbr
Rk L@ 5N BRA (R #% i 7= 77) AL
i) >k 184 5 Y 2 56 /N 5 AR IR SN e 7, FEAE A DCNv3
(TG AR v3) BEH DL i b Ak R AR AIE ] m A AN
TEAR, $ e £ A = S H bR ks I Be 7). bk, Sk
EHIN T HE T4 BAAER Inner-IOU 4555 B 44

FEASEBAE ST R 7 T, Yao 25 NP H T —Fh 44
9 TL-detector )% 5 ¢ SEI A2 AT Rl B A, it 1
W5 3 T L8 58, DLAR CE E 1S B I R AR T A
B FINARRR R DAL L SCTE A B AR AE I 3 5 Rr AE
AR /1, K B R E Rk 5 X 2% DA i 2 R
FRIEME B R A IR A . Liu 25 A\ 0% & 1) szhr g 55
ACIIT RSP BN B 2 %, XF YOLOVS BEALHEAT [
PR, BINT P2 JZ DRI MBI RHIE. 2% MOAT

2

R R, A1 T —FoBr C3_MOAT 454 [6]
I, ML E YOLOVS Al Sk & 51 A £5 44 3 2 Hfb (1
RepConv 4k, it —A i 1B K RFAESEIURE /7. 6
KAZGNTEH T — kit i YOLOVT 53k, £B T
20x20 FIRLIREE, JFHEN T 160x160 MR, B EME
FEE AR B A2 S PR [R) BSF, 1660 B v JE I AIE. 45 BiFormer
Hi R A1 ] BRA (bi-level routing attention) 1AL Fx v
L, B S EAE AT A B R T T ABRA
(axially-guided bi-level routing attention) iR, 5| A
NWD (normalized Wasserstein distance) & & /1%, PAEK
HEP A R AL 45 RN BLAE FE AR R T A

DL EEET CNN (1 H bRkl o7 722 R85 iy 17 il
W R, (BAE S 20 A 5E N Ik PR B B e e T, o T A
PRI — o] 8, ASC R % T Transformer [ RT-DETR™®
WX 2854 A A 7Y . Transformer 1 FH L HURE 1 H v E &
FIWLH RASE AL A0 N7 51 Hh % 06 2R B I AH BLOR &R, AT
AR NS 2/ BT UE R, EE AR s
G PR RE. VR N B A S o B v A A AR A
RT-DETR fEA S 285 8k — 20 iy eicidk, SR 1] PE-ResNet
VERNR AL T M2, IFBit 7 HFIERL S NCFM (new
cross-scale feature-fusion module) F&HR, DL 5 45 7 7F
SIRIER N HUIE M. A, AR SR 10 K R BT T
ek, K MPDIoUP M 2k bR 5. 1 6 253 fif 75 452 1 7
Ab PR AT A PR B 2 S A0

1 tudkf) RT-DETR 4544
1.1 RT-DETR %#4

RT-DETR K] Transformer Z2 ) K B X} % 2 [6]
R OC &, SR AL E 4R 1R SCHEf#RE /). RT-DETR
B 3 AN i T 8 L SIS I 4 A Sk B
76, IR PR L) ResNet B 7] 46U H) HGNetV2 >k
TERNETML, Hih S3, S4, S51X 3 Fi RS II4F1E
K. £ 2, RT-DETR ] T — )2 Transformer
] efficient hybrid encoder, 035 P MRFAE Rl & R B
attention-based intra-scale feature interaction (AIFI) Al
CNN-based cross-scale feature-fusion module (CCFM).
SLES 48 4 ToU-aware query selection F1 decoder P54~
B3 AR AR SCHIT R IR 1) BB A TE B 3 B B TR K, 3R
fiT%) RT-DETR W28 3EAT 1 #1301 ) ek, Bot e i o
FEERIE 1. B 1 NCFM 2% CCFM il 17
AT EI .
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Conv 3x3 s=2
MaxPool s=2
PEBlock
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PEBlock #3 {85 #% O ff . B H E e R H — A 3%3
L AR JZ AT EA R X, SR )5 18 PConv RAET
B4 1) O X 38 AR B, PConv HOGH 208 10 2% X 3k
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A B (1) BRI e A AR ICE MEMEE. AT
FEf b AR AE R, E S 1x1 15 AR R AE4E ¢
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e, BIRRIKION 1, 3, 5. ARG ¥ B R 45 FAE @ TE 4
FE BT HHE, FRdid 11 M-SR 2Rl TE HOR B
WIREAHE, IR VE N 9 7 RA AR B2 BT, P DA R S )32
JOE N ARFES B 38 2 5 3B — A 1x1 BRR
BT R AR R AR 1R 30 2 1 45 Sl I R X T 2 23 SO AE
TIEAERE FHHTPHE, ST RHIEE B EL S, BEORE
T IRIRRHAE R A S B, ORI AT IR B IARAS T
B S RHER R, TR & 1B iR AR 05 e
TR 2% B A 1) 12 .
1.3.2 GCA_Upsample b RrEREH

7 RT-DETR W&, RIS FERHP KN
1 11 B, EZ IR T B AL KD, Joidze i e 5
72 ) 7 (B R AR, 330 E SRR S IRHIE B = 2 R — 2
PE. N TR — a8, A SCHE T GCA_Upsample
(gated channel attention upsample) #5t, 41/ 4 FrK.

| ConvTranspose | | Upsample | | GlobalPool |
S HardSigmoid
Conv

1x1

!

4 GCA_Upsample 4514

RGN TFAT ERAE S S, S 44 B 2 SR RRAE
MU AR. Horp— 2% 73 SOl B B A BT i R
FOREE, RESHH BT )2 B (R, 8 s 2R R,
Pt ERME G RHE R . 7 — % 38 upsample
Ix 1 BRI FEAFAE B RT, 1 SR RFAE R IK RE T, I M5
BER, Im LRFHESS BITERE. P2 SR E H0%
NS IETER —F, YRR SR, B 45T 12EiE
TR BT R E R £, 11488V R ) AN [F) 1 E
Z A1 9% 2, A Bl W 2% 50 4 B R AN [ R AR T TE 2
[A) AR AH DS PE AN S . R, 4 FEH] T BRI R AT B
5 By A 2% S8 B b A SRR Y v J2 K AR AR R, AT
SRR I 7 .

1.3.3 GSA_Downsample KRB

GSA_Downsample (gated spatial attention down-

sample) BH DI AL RFEFE N R, 5 F R
FABL, R HFI R RFAESE LS 3. Gl 5 B s 1E Jek Y- 18
BRI AT, Kb — %0 3CRHP KN 2 1) 3x3 &
FR, T3 — 2% 40 ST S a0t A 23 o) i N AR A T 3
1T RFEHAR, ATk N RRAE B RS, Bl S, &0t
1x1 fIBHZE (Conv) AbFE, DLRE@EE S ALRRIE
oIt SR, B S G TS R T, 2]
DABE i b 4l SR A [F) 67 B 2 8] AR DG, A B T 7E b
SRR EN R E 2 BTSSR, 1 m M
ZHRHIE RN EE /1. GSA_Downsample #HUX — il
B AETRAMESE 3x3 AR R KA T RE T K 48 55 451 2k Al
THE RN, 35 7N SRR I AR

55202‘;3 | MaxPool | | GlobalPool |
Conv Conv
Ll Sigmoid

!
4—| Concat I——| Multiply |
!

Conv
1x1

!

K5 GSA Downsample &4 &

NCFM 75 4bih 47 CSP_PDC fl &4k, GCA
Upsample [ RFEBIHAT GSA Downsample I KAFEA
B, S T R ORHIE B TR P Rl . X — Rl R A
73 75 )2 B GRS )Z 1 28 75 R AR 1 UM BLAR 7,
I A4 2t B Dy 4 I A B B R s
1.4 MPDIoU

RT-DETR f# H T GloU (generalized intersection
over union) 1 A#51 2 B %L, GloU 7E A% A2 i AR R B 7
FERT TR B P8 22 - 0l 308 424 6 B 5 1 400, A AN 2 A
T 8 AN R 2 OB P) ) /. FE G RS T HE 55 5K
HEX) B 2Tt S NMEFE TR, T3 R W Sl 2 32 31 R
#il. Bt LA SCfd Ff MPDIoU B 4K GloU K #E ) 52 1k
K. Wk 6 Fras, MPDIoU #& H 1 — g i it i A AE
AR PEAG 795, 1% 07 V08 T d /D R R B AT
FLEARAL T TN e 5 SRR S ) 2 A
A4 T A R LR A EE RS R B LR & TG
PR BRBORTE T A R 2R, B AR HE R B S X 3.
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e AR B DA R 9 v A 2 e, TR fRT AL T S AR
AAF PR

ANB

IoU=(A,B)=$ 6]

d 2 d 2
d% = (xll’r - x“ft) + (yrl’r - y%t) 2)

2 2
d% — (xgrd _ xgt) + (ygrd _yit) (3)

d, 4
MPDIOU:IOU—m—m (4)
Lvppiou = 1=MPDIoU (%)

G,y

Kl 6 MPDIoU #75k k %t

f8 I MPDIoU 45 2% bR £ e % B HE B b1 B H ARAE
ZIH) AL R AR, S vk AR A A B H AR ST
o & R AR 1

2 SEIRA AT
2.1 LWINE

A SZEG7E NVIDIA RTX3080 _FiE4T, I 2% S HE
A PyTorch 1.12.1, ¥ & ¥R 554 Python 3.8. il A\ &
FRSE N 640%640, epoch 24 120, KA AdamW it 4k
2%, PG4 > %4 0.000 1, momentum 4 0.9.
22 BIEE
2.2.1 CCTSDB 2021 ¥4

CCTSDB 2021™ 2 K yb 3 T k22 I BARYE CCTSDB
2017 AT B 1 b E A @ bR B A 4. A SRR AR
& (mandatory), 25 1E#8 4 (prohibitory), & ir ik
(warning) X 3 KR AT bR E.
222 S’LSD ¥E4E

S*TLD" ¥4 B % v 1 ¥ 20 38 K 2 U5 (1 A S5
AT AR, ol 4563 T4 HER N 720x1280 [HE F

WA BFGLLAT (red) BT (yellow). ZE4T (green).
KM (off) X 4 KFFk.
223 MTST ¥i#i4E

N T R Z [E I bR DA @ AR RS ST
LI e) i, FRAHE AZ AR S 4 CCTSDB 2021 )4
Tl b, FIFAE 54T St 4 S*TLD w385 1B A Sk 8
ST IREA. AR, SR R AL BB R 3 0 T #%
1000 KN K T KRS RKIE . B, FA 1R AR
7 T H labelimg X478 5 B 8U4E SR 3047 T HE BT bR,
FRERIZE AR BN 7 Bis. i DL ACEER, AT 3
TN SERE R 4R AR AR AT @ AR A
ESAT, AR T W 8 BTN AL I A s A
WHRA AOCRHEL DL B g st
FEG AR 5% F X AN SR i 44 09 MSTS (muilti-
scene traffic signs), B 2 37538 @ AR IR 4R, FF1% TR
6:2:2 [ILLBIRI S A VNZREE, BRAIFEEFNIRAE, 13 211144
12801 5K, G IEAE AR 4267 5K.

D@L AOD

(a) ZE1bARE (b) E s (o) fimhri

(d) 20d7 GCE (f) 4T
B 7 MTST HH4E o 2on
2.3 TENIERR
AICRH T 2 BAs S PEO 5 bR A7 50 0E, A
FEUERI R (P). AR (R). V¥ EEHME (mAP50 FI
mAP50:95). S ¥ & (Params). % ¥ (FPS).

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

AP fH PR 2R R TH A THIRR, AT LA Mg AN 25
TR FA) YHERf %€ . mAP (mean of average precision) A& X it
BRI AP AEKRFIIME. mAP50 R e ToU BIE N
0.5 TSI mAP HIMH. mAP50:95 7R 1E R K [X 8]
[0.5,0.95], &~ 0.05 [)°F¥) mAP {&. FPS 7f H br ke
DNAFT 858 FH St A7 e ASE R 7 SIC i 3 55 v A B MR Pk
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24 IWMEERTH
ISR AR SCRE AL 72 A PR RE, FRATTHE & S8 d 42
CCTSDB 2021 #Zilibr &5 &AM S’LTD 15 54T % ¥
XA PEATINR, 2 1 AL 2 R TRIEER A E
HEF5 5%, RT-DETR DL AR SCHE H B2 3R 47 IR X6 L.
# 1 CCTSDB 2021 ##E4: Fstinss Fxf b

B P(%) R(%) mAP50 (%) mAP50:95 (%) Z¥(&E (M)

(d)

B8 MTST HE &K H 7R~

2.5 JHRRSELE
BGAIE B J7 326 RT-DETR P 4% (94 Rk, % E
AR ECIEAE MTST 20548 AT 3 b s 56 DAE B e ik
TP S A A B (LR 3). NN TE %A Y v
H T&J7, 3 1V ATR R HI4E RT-DERT M 4%, 45
SRR, AT LA AR T .
X3 JHRSER

SCHR[2]  93.1 819 87.5 — 32
kB — — 89.0 — 28.1
RT-DETR 912 829 88.9 55.9 19.8
KRR 933 827 89.8 57.8 16.9

basRI 1L k- E SR A U 6

# 2 S’TLD H¥ide b seib 45 Ent b

PE- MPD- P R mAP50 mAP50:95 S#iE
NCFM
ResNet oU (%) (%) (%) (%) (M)
— — — 864 867 868 52.1 19.8
v — — 868879 878 53.8 17.1
v N — 885900 90.8 553 16.9
v N v 89.1903 91.0 55.8 16.9

AL P (%) R (%) mAP50 (%) mAP50:95 (%) ZH(E (M)

Xkl — — 95.3 60.1 6.71
HR[7T]  — — 95.5 — 475
RT-DETR 96.7 93.7 95.5 65.2 19.8
AUHET 982 94.7 96.3 67.4 16.9

T AL Dy fe DL i

AR 1 B, RS HER DB T, &
R H AL CCTSDB 2021 ##E % _E i mAP50 45
FRARELT 5 EERE 7l 52 T 1 0.8%, 2.3% F1 0.9%. i3
—JHh, % 2 BTN SEI 45 R, 7 S°LTD $idk 4k
b, HEERRM AR L, AT ALSEIL T 14% 2%
Tk D, R E AR R A mAPSO Al mAP50:95 f545 E
SMEAE T 1.5%. 1.8% 1 2.2% K. thab, 753
R (7R ) SH R R AR SR SR 1) 2.8 £5 1L
T, RSCHEBL ) mAPS0 4845 ESRILT 0.8% Tt 1M
55 3Cik (614 ELA, mAP50:95 {E425 T 7.3%.

6

2.6 MTST HUBEXTEL 3058

FEAHE A EERC B N, ASCE#E 72T CNN IR
B BE /2% Faster R-CNN, HL Bt 4% SSD. YOLOVS.
YOLOv7 #1 YOLOVS, LA J%&T- Transformer [ DETR.
Deformable DETR Al DINO #8155 #£ MTST ¥4z
£ EREAT X HE ST, 25 R L 4. S I B R A SR
SR E /D A B, HIEIR (R)s mAPS0. mAP-
50:95 PLJ FPS fE 34 T Hopthoxf b W 2%, A 804 7+ 1
RO AR50 T SLIE HORS v ks W A8 3@ AR iR i PE g
2.7 KMLERITEE

N T B S S R AR AE S B 2R PR I ()
RESRTE, AW FUEIL T MTST 24l &£ i —36 7 B,
IR I 2% bR FEA B R #EAT T R EL Lo AT
9 RAEE S R MR AR kil 45 5, 14 10 N AE
OGHIEL T R Igs R, B 11 AERRE R TIT
PRI EE K. H bR st AR, 2 His THIaes
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LT3t 2 B s TR AR BB R I A7 4E 2 AN JE R 1) ZERRWIA SRR AR T TR 2357 T @ R
H bR BURFAE, 7 i TP 415 1) 52 BB AR A TR X 5 B A {7 H BRI B AR BRSNS P2, B A ok 1 B2 72 1] 9(a)
Z IR B AR B 3 B T P8, BN £KT Ay kT Al A (b) H H B AR R A £ 1 AL

4 MTST B¥ask bxf b sni gt 3

A ZHE (M) FPS (bs=1) P (%) R (%) mAP50 (%) mAP50:95 (%)
Faster R-CNN(" 108 4 723 51.6 69.1 423
SDD!' 91.6 18 735 49.7 68.4 39.6
YOLOvSm 21.2 145.1 85.8 84.8 87.3 50.1
YOLOv7!'? 37.2 22 733 67.3 69.8 36.4
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