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Abstract

The accelerating urbanization process has led to increasingly severe traffic congestion issues. Real-
time, high-definition road surveillance images are a crucial foundation for implementing precise traffic
management. However, existing surveillance systems are often limited by hardware constraints and
environmental interference, frequently suffering from problems such as insufficient image resolution,
uneven illumination, and motion blur, which severely hinder the accurate extraction and analysis of
subsequent traffic parameters. To address this bottleneck, this study proposes an innovative technical
framework dedicated to enhancing traffic perception capabilities starting from the source of image
quality. By designing a multi-scale feature extraction network and optimizing a residual generative re-
construction model, an efficient and robust core architecture for super-resolution reconstruction is
constructed. Building upon this architecture, a non-uniform illumination compensation algorithm and
a targeted motion blur suppression and edge sharpening processing pipeline are further integrated
to form a comprehensive traffic image enhancement solution. The enhanced high-definition image
sequences are fused with multi-source traffic data, and a spatio-temporal graph neural network is
introduced to deeply model the traffic flow evolution patterns within the region, thereby establishing
a dynamic congestion deduction and prediction framework based on high-quality visual information.
Validation experiments conducted on the constructed real-world dataset indicate that the proposed
method achieves improved performance in both image reconstruction quality and congestion predic-
tion accuracy compared with the selected baseline methods, including SRCNN, ESRGAN, and graph neu-
ral network-based prediction models. This research provides new insights and a reliable technical
pathway for addressing real-time traffic monitoring and early warning in complex urban environ-
ments. Its outcomes can be directly embedded into existing intelligent transportation platforms, offer-
ing strong support for improving the operational efficiency and intelligence level of urban traffic sys-
tems.
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Figure 1. Multi-scale feature extraction network structure
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Figure 2. Residual generative reconstruction model

B2 BREERAEZRE

B, A R RS T 2 ROBERF LSRR 2% T S (IR /2 AR . Horh, IRRRHE TR
BN GOE UE R, ATUAS| SRk S IR R AR T B I Sl T SR SRR s TR R R &
B AT, WONBERBIE MR IR 7 S . M2 R PAFIE IR, A5k 22 4
WA ZE HMBREETN, A — 215 UE B S, AR “4h)” Jf. N
TARTFUNGR IR RE VE LS AR i1 ¥ B AR5, ek s i e it b, % IR R Gl ik 2 ke &,

DOI: 10.12677/airr.2026.153079 857 PR ASY IR YN T


https://doi.org/10.12677/airr.2026.153079

o

ar:
A A

FIN T FET BRIRRFAEA R 5 XTI o RFALE 453 SR A0 P T 5 I 4% T S BB ) A A 1 2 1) £ 22 57
R A AR R S S R R MR AE v G SCRFAL = T 00— S5k, AT e AR R A e e AL B B4
NENFm BB [6]. XHHEBRIMGIN, WA A5 8 2ok X A i B R S 1se B
DL Il A pl e 7 A L AT 1 B T SR SO ARY o X0 T W SRS L5 [ 3 Sl AR AT i I A 247 1 45 2K £ 22 4
REMBT . AL EEMPEET S, —REREEN.

S AR B R AR ST IR L, AR Bevh i 2 R T A B RN A AR [ 7], B
L RITIRE ] Tt R, (LR IR AR AR W A ZE R LA A BB S5 B HEAT RN, BT RES
R P )4 2 _E (0 TC A 5 EAME BORARAN AL 2 BRI 5 22 TN o TR Y {45 A48 T 3 485 1 42 4L
BRI, AR I A 20 R AR I i B BE 8 LA R (0 — S, b 1 BRI AT AR PR ot
A REHT R A INARECEL SO RE, AT DA Je B3 TR 31 1) 52 it 2 ke i SR BB E 1 I S Aty Jd -
ARZANTTE P FEIDCAL, P R 22 A pl e S MR A TGS S P A2 S M P8 b AR AR
PR RR AL IR R, JEBLH T SO PR AT R e ) S W

3. ZiBEGIEEG AL
3.1. R SRBIMRETER M

OGRS A ) 2 5 4% P T AT A bR 2 —, T 5 R XIS I A7 2 3 S R
KREERK, B0 G 52 AR 5 ERERSEAR S5 M HERTE. D9 7 MHIE EFRTHLSE —2lE, A%
FESERGB R )5, AT A EE A T RS i 5 EE S I BRI B G RN R AMARRE, X —
SR 5 (L4 R VeI BRSNSV FE A RN, BERS RS AN ALt A B Sy 30 O Al o o6 T DX 38k, 1T Aot 2 i Pl
Tt N gE— iAo

T GEIK L5 S A T 138 o EET 7 A A5 3R S ORI S BB B E s (R ELAE =) b B N 5 5 i P 34
SR MR P T PR XA R . vk, BATSIN TREIEESE S, SEIgE T U, HIER
M o ANE R R, H R AR IX I DA A N T R A AR SR (8] L TSR AR 1 e A R
(R IEIE P, AT DA RO R I A R R IR 2 5 RO LSO IR B, I DA A 0 N R Ol
ol FF 5 i 3 B0 R MR 03 o IR Sl R FH I HIE S B X 20 AL i ) AR AT KO IR I B i it
BETT 23 1 s B 7 i, ANTADAE 3 SIS 0405 I, BE S A R ] B 7 DX FE A AN L 5

RGeS PR AR I AR () B 1 S IR A o AR RARSEEL R, BATBLE 7 — AN 2T
HIE S U0 TS B B R E SRR S, TR R 8 BT B AL I 5 FE AT B G R B . 0 Tad o
FIAG, BISGHE ™ AR X3, S thn S R Rk L BE LA TN B A R . TR DA R X
s, D)2 PR EL I R R P o X R AR A Bk B RE R R 5 T R b AT NS5 50 8 H AR 02
A, MREPRFFRZS. TS5 se X R, NI S 18— T VAR AR B AR S SO RN P A A2 (K )
PR Y%

XA R, FRRE M T R R WL BRI L3RI T R AR T R
H TR B SRR AR E I, )R SRR TR IE SR ISEE 1 I SEiN kAl . SRR fh & BB AR R
AR TN B TIAE, BlAnA R AR R SR T CT BBRR)E, siamaEGat
BHOR, W TGE TR XU RAERPE[9], I AT EIE 1 AE B2 TSSO o 2 Ja EAT S0 1 i 5K
Mgt PRI A 21

3.2. BEMRHHIE| Sih G AL
A2 B A% RS X ey TS B AT SRR IO RE T, DG 8] PAY PR AR X (S A% 2 ANl e e b 5 N JB B A

DOI: 10.12677/airr.2026.153079 858 NILERESHLE AT


https://doi.org/10.12677/airr.2026.153079

xR 5

o IXRRIB A RN 2 550 R 5T A S R TE 2 S O A T AR B IA 2R A5 2, AT J S ) 2 s D) 5 R
XA BERI R BB o BN IZ BB R A (AR SR 507 T R, AR SCRM T — R 2SI A 8 I 3R
W% o 1% SRR E 2 (RSO RO AT RIS AL T AR, [RIAR P I (B35 A B Sl 8] (K138 3l — v L0 AORoxt
TR AT IENAL, AT A5 DAFE 3 2537 5 b SE DR Hh o BB 1 7> S5 TR A5 5o SIS 22 48 P A B
A AR A R B THR Z I SRR, e Sei @M R At T O RERERE R .

TR LB PRI AR, 3t Pl 51 3 EE AR R RIL G S5 . &S
BN HEAF M T 22 S BRI, HELAE R SE 2 AR Al 5 R R e Tk RE . 2 3 mifafadh o
PG 7 R AR R A, A SO T — A CLEB BB EE I N 51 T TR L 46 o 1 2% 38 3 = ST Bmsd 1 1%
555 B AE e SR 5 T BB SC &R, BENE EE Nt B ORI A % . 5 DRI = S0 AT =
BTN ) A7 2R R O RN R], TR B Sk 77 A RS T Huber BRBURMEEFIIZ C,  FEAR AP AR T 5
—BE S XRIEREAR AR H S8 T i S R S I T A, TR 1 A BRI e [ 10] o
B0 B2 5| AL A A A5 19X 2% R 06 B ) SV MR rh G515 I8 32 B DX, 91 2 22 0 ) 2 57 DA R S s 6 PR G R
T2 V) e P TSR BT [T S S S VR B2 PRS2 30T 25 2 ) SO P40 15

N T BE— 5T A B RO AT AIE, RSB AAE LS TR R AR SOB IR A AR R AT W A . 22
HOEIAIRIE S, RIS B BARAG 2 T 5, (BB SRR X 3k 1R T 5 Rl RE TS SR AN 731
Pk, FERBEE S T BRI G, I T NRERN EE MBS B . IR s 2R R X 4k
(Bt EEMRE R B A TR G SR B, AT J8E S P JE XI5 NI P MR o IR ik 5 s ali o ) 42 Ry A
SR, REWs S L ORER R A B ARULES, I ORI 55 L GRS A S A A T L s A S 52T e it
TAR. ESHAAZEMIET, BRGNS RS Ty A MR AR A AL, 00
TR R IS E S MO Bk 2, KRR, i iz S ] 5 4 ki Zx B A AR B 1) T
Fea, Hocbd BRI Sk o P 4R T 140 30%, XN )5 SERIAHEE 70 A 5 TN B 5E 1 e ot 2 RO AL o Eicdis
HLrit

4. PERSRIESHEHER
4.1. ETHZEHEMNENRERLSH

ACIEIIEA T b2 —FE RS 23 18] BN I G, IR S AR A B B B 42
WRRERA R, 52 2k B2 18] Bk (PR PN DL R Eh A AE H R R IR ZIRE A 1] O T BEREAR HE 221 13X
PSS 2SO, AW FUR I T A1 1 X AT I 2 B A . e, B AR TR A C
BRI A S BB B, L ph e B O SR A i S TR L RS AR S S B (B i LA S
FVRENASIATE s W03 AR S P R it X 4 41254 55 P SEASIE SRR TEEAT 5 30, FH DASRAE Y s 2 1) £ 22 1)
TV AR AR R SRSE o XA SR RN TR RENS K AR KR L HLAS FRIE B I 46 56 3 A7 Rt g i 2171 55
B rh, AT Ja SR IR R 23 H A B2 Sk

FESL SRR 2 b, BT TTIE I 51N IS AR I 25 KA 2 2 (R 4R 52 b R AR 4R A . GON R Al
B PE B 254 [ B3 B AT (5 AR I 5 R A A, SR MY R AERE AL & AT SIS E E, HEim
> 3 73 8 DA 2 R ROURFAIE 3 — I R AU, 1 18 RS — I s Bl . T A A T i 3 R
MBI RS, (e AT RES R A [A)_E ORI, AR AL fr e — N R D Tt DRI
DS R S WK I i N B Wk (B N T RE S =Wk Al & SR S v b AP W E R = S a3
A A SRS FA SR A A TE) B AR OGS HT I R KPR S TR AR R BT — I 2R e 8 5 R e
GRU BGE B AIHLEIRENS AT ROCIZ Py SRS P A P I E EE D, I ISR SIURE R, MR R
AL IE AL EAE I [ BB T AR B S T S AR

DOI: 10.12677/airr.2026.153079 859 NILERESHLE AT


https://doi.org/10.12677/airr.2026.153079

o

&

¥ EIGER S T 1 0 P Rt T i G, (B R T I 2 B I 28 A% 0 20, AR 38 1E TR [+
AL 2SN E S AR G R, R H X A B R A AL . BEALE I HE S I S B E,
RS A0 N Jm) ST 23 A1 3 R B 4 SR B B, B 3h 5 I BIMsE = A RSk HEU RAE AR
FEREI e B 2% . ln, AERYRT DLIRN e R e ), AN O S e AL PR 4 4 2 e 56 A I T )
%, DL CWEMRRRL” M) T OB K B S A B IR R TE R, IR PO AL R R ) B SR R RE T R S
I AR e 2 PSSR P sl DA SIC L) o ST &8 SRR I, Mt T v o S ML A5 S SR 8l ) I 3 PR A AR V5
R 5 Ay A 1t 00 A SR e B [0 P PR SRS AR Ak, DTG Sy St 4 i 358 - I i B2 it 1 70 e i
TH%Z[10].

4.2. ZRRIBIERE TNIESS

FER IR I T v AL 15 2 I Zh A4 B TSRS, A T8 0 W A S Js AL i,
JIv i (R AR A5 S A AT S B, e D 2 220 0 A2 4 R X e e 2 R 3R S AR T SR Bl R s AL T R
N T FEBBIZ — PR, 75 ORI 5 e I 25 5cdie L 7 50 4 GPS P45 2 I8 S My B HEAT IR L R 5
TR IRAE N, 2R R DA S R L 7 A R R 22 5, NIRRT — S LA R . HL
e, MRS 2 REAS SR AL AR E HIESE . (HAL B A E TIN5 o5 A R HE,  HmREE R R i 5
FELIN AP RAR TR 1R EEARE . SN ORI AL 1 AR B X R IR SRS s s S AT R N TR A
B BN RUR WUE E B R 55K SIBATE VR, JCIE T 1R WSSE RS AR 3B R . SR, 3K
S S ) A I A AE I B AR 55 BAR A DRI TOARSE R 2 SRR P ] B P 1 2 T 220 SR i
TR, M5 GINIRS BRI SR I DTk, R T BUR R TN Pk e AR E

AR AR B IR RS, AMES it 1 — Pk TR R AU ) B & BONAL il s o 125000
MO AE T, BRREAS B ST A RIS RS R E N 2 LR SO IE B E S TS, JEV RS
AR . BT, 6T WAL SR 3 58 5 SOl SR (W n G0 T 5 TR ), RIIAES %
KE T EVPO AR, DO — Wi B R B TE M 5 mT T AR 2P il . HOIRBRAE T, RO UG =il
S G A B AL B R AL S R UL S A e R [12] 0 A PP A AR B S0 7R I B P A% BRI R o R
BT R R N R, B 2 B SRR A IR R S A, BT 2 A T I K
ST FE (R BT B R K o XS A5 RS AR DR 1 TN AR S TG B SR R AR, (3 RE fR
FRAR SRR S HEDAIE,  ATITIRE S 1 A1 P45 00 2 BT W R 51 A R T 2R 28

MR 5 i B A B EO R S A, DO R T A SR IR AR . A A DA TE AT X B SR R BN
TR A B, AT A A I S R SR K I AT U, RIS R B 4 B S A X A AT
R (8] B FEAE il @bk, AR A AGAS B 5 2 B A2 3 (5 B 40— 1 — MBI S5 M 2 oh o FE BB RE I,
BB P26 5K R OC RIERRRE ), SR MR Mk SR V2 (M R 2 AR R PR R &R o FERTIHL
i AE L A it — 2D T A AS R AR &R mx O mOIRASREM R 5m A . i, B i BUR IS
ST REIE L UL RR R R N R B, TR AL IR ISR S5 ST . FERERRE UMK, ER
JIRCERENS A sl AL P A 0 2 A KA &

w3 s, ZIREEE LG OB TIHEZRAE PERE EARSES T A RUR DU B B3 . SEiRaRm], A
BT AAE P AR s R P 150 P R 5 SR 0 S Y, K e 22 Y0 S5 KA 508 it 5 DM A 2R TN A R 7 1k
JEHAENS B AN FAT AR DRI AR T L, BRI T RBENS . eA RO TR, 0t
MRS, AL AR R A B & T R 13] . 83 Rl & ELAN A EAR I EE 1%
HESON RIS AL 1 OGN SN A i i E 26l . e AR T TR A S T B B R 1, S
IR R A RGN R AR Z I AN RE ST, AT SEBUAS . AT SE M sh A4 s S T

DOI: 10.12677/airr.2026.153079 860 NILERESHLE AT


https://doi.org/10.12677/airr.2026.153079

BLE [ R MR IR
I RATH R
B X AL R T o B 1 kG B
BHxraEt HEBEREE

TR Z] Ei

OB AR AR oo R R BHER A L g AHEL (B IENINEE)

Figure 3. Performance comparison diagram of multi source data fusion traffic forecast framework
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Table 2. Comparative evaluation of frame performance
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Table 3. Comparison of model congestion prediction
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