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Traffic Flow Prediction Based on Cross-scale Interactive Attention and Dynamic Graph
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Abstract: Accurate traffic flow prediction is crucial for ensuring the safe operation and efficient scheduling of intelligent
transportation systems. Despite significant progress, current prediction models still face challenges due to the complex
spatio-temporal correlations in traffic networks and the nonlinear nature of traffic data. These challenges include
insufficient accuracy in spatio-temporal dynamic modeling, difficulties in jointly representing temporal dependencies and
spatial heterogeneity, and the need for deeper integration of spatio-temporal features. To address these issues, this study
proposes a traffic flow prediction model, termed as DSAGACN, based on cross-scale interactive attention and dynamic
graph attention convolutions. In the temporal dimension, a cross-scale interactive attention mechanism is designed.
Through multi-scale local context awareness and dynamic interactions, a multi-level temporal receptive field spanning
“point, trend, and global” scales is developed, thus effectively capturing dynamic traffic flow variations. In the spatial

dimension, a dynamic graph attention convolution module is introduced and combined with spatial positional embedding.
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Attention mechanisms are leveraged to adaptively capture spatial correlations and represent heterogeneity. At the feature

fusion level, an efficient fusion mechanism is proposed to enhance the joint representation of spatio-temporal features

while reducing computational complexity. Experimental results on two real-world traffic datasets show that DSAGACN

effectively extracts and integrates spatiotemporal features from traffic data, achieving higher prediction accuracy than

existing mainstream models.

Key words: traffic flow prediction; spatio-temporal data; attention mechanism; graph neural network (GNN)
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B 1AL S R, SR 3 A 1 AR 2 v
).
ARSCAERCEER b, fH TI0I B 5 PRI TH) 25 P GTU
PrRZ R SR a4, 58 L STE-GTU Wik (13) Fi:

=ReLU (Concat (Pooling (F1 *TX(I)) ,Pooling (FZ*TXU)) ,Pooling (F3 *TX(I))) + X([)) (13)

Hrp, Ty Doy T3l RIEZE RN IXS 1 1xS o s
1xS 3 B R%. Concat (-) 75 W I 18] 4 FE B4 AN [R) R
FE T 5 L N R R H N K SN T, — 3K
XFHEEE S5 ARFIE AT 5 0 KN w7 (AR R RAE,
X (14) fios:
BTp—(S1+82,+853-3)/W=T, (14)
RIAHHIE 4 ReLU 0w 5, it i 55 51X e
RNV Thdmoet | .28 403 452 2 P AE RS, e At AR T,
AN TE] B (R AS @ TN 7 51 Y € RV<C o,
STF-GTU 5B 2 RE Rt 1w ik, fEm 25
E Rl i P2 O R PR BE A TR RBE R AR 18] (1 G TS
B, SCPUVRHIE T B B 30 55 5105 B E M,
NG BT SR A Rtk 2 AL I 2SR R .

3 SEE AT
3.1 HREMILIINE

N T BAEA SR ) DSAGACN # 8 (PR, ik
HUE S A #6375 T i) PEMS04 FIl PEMS07 s 4
B S0 A0 SRR . 00 £ 2 B IR AR JE T 22 38 5
PEREN & 248 (PEMS) F6% 30 s LTS, & 5 min N
() B BEAT 8V AR B, R — AN )2 AN R 2 8
S PR AR Hb 5 5 B TR AN 7], 3 26 22 A X 3k 5 ) 8] B 1)
ARSI AR, W2 N T A IR T 45 L
ARG BWE 1 PR,

F 1 BORSER SRR

Bamde WA MRS
PEMS04 307 340 16992
PEMS07 883 866 28224

it i) 5
2018/9/1-2018/11/30
2017/5/1-2017/8/31

RICSLUGAS ] Python i 5 5 PyTorch ¥R 2% S HE
IR SE R Y H e SO0 R B SR AR RN TR DL 6:2:2 L

BRI RNGREE . IS AR AL, B N A2 Th
(12 ANHE) BAC @R E 751, - THERER K 1h (12 4
I IE)25) MIAZIERAS . 76U 5% B J5 T, PEMS04 i
HLR KR 16, PEMSO7 BT LR KN A 4, 5
SJELE E N 0.001, YIZREEE 7 € 100 5 200
K, Ik Adam HRALFVERAT SHOE BT

3.2 E4iER

ARSI FE G ULF 8 MR 5 3T X L.

(1) STSGCN™?: 38 b 5 0 1t O i 25 [R) 25 A AL
175 AR A A 2% (1 J) S B 2 A DM

(2) STGODE™: 21} 7 — /N i B B E 8 3%
RN E SRR, K2 RS2 B, Fl P IR 2 IR
(Y B 2 A .

(3) DSTAGNN"F S I $tfs 3X 5h 1) 2h 25 16 25 18 Sl
B A4 G A B rp e SR A .

(4) STG-NCDEPY: 42 Hi T i 2% B 8 4% il 5 o9 7
T2 (STG-NCDE) J5ik. weit 7PN EHI M ke, —4
FF i A Ab 2R, 55— AN TS AR B, 4 A — A 5k
FRIHEZE.

(5) STWave": Bit 7 — N (A 25 9 24 SR 3 i
2] il A ME R, (A B U T T — N A 1 e A T
WK BT s A I P e N n TR =B W

(6) SSTBANMY: 53t 7 4055 25 [l 33 3% /7 (SBA)
FIR [ AE 2 77 (TBA) ) STBA H.

(7) CASTNet!"™: 4 Fi 7 28 3 2 L) 5 5
57 000 285 B [ B 25 R SR S e e R A SR bR SRR TR
fiE, SO a8 T 2 AR AE S RE

(8) IEDSFAN™: ¥t 1 £ [ & 1 1#LH] (MGFG),
T o o) B S R B 75 B A5 A S I R
BN AR B 1 i 23 AH DG
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3.3 TfhiERR

T VFAl DSAGACN FBY 1% G, i P35 48 %) i
# (MAE). ¥ RAR%E (RMSE) FI°F- 34654 1 43 Hb i
% (MAPE) iX 3 ME VMG bR, Kot B IS0 m 218
5 YRIIAE 2 6] 3R 22 . AT AN [R] 4 5 1 o T i 22,
I 1z FH B8 SE AR Gt Sl ASE 2R ) TN RS 5 R e vk .
MAE BRI T WIHR 2 1 HE A KF, RMSE %f
HSE RS 55 ) T AR 22 TR T 1 B i AL, MAPE MDA
Ay LA A0 TR 2 R AR L IX 3 SR AR BUE
/), 2 WA R S0 2k ABR AL, s X=X (15)—(17):

1 X
MAE:NZ|H—Y,~

(15)
i=1
RMSE = ii(y—f/‘f (16)
Ni:l i i
1 & |Yi—f/z‘|
MAPE:N;TXIOO% (17)

Hor, N MRS KN, Y AT 5 5 S bR (E A
TRIME. X T3X 3 AN HEAR, (B8N R =38 it 0l 25
LT,
3.4 ¥tEbsIg

RGN A SCHE H ) DSAGACN AL 7E 28 i
WBAE S Ve Re, H L5 8 MR A A A A
PEMS04 #I PEMS07 W /™A 8#E 5 BT 7 &4x)
tb, LR VPN TR AR 3G MAE. RMSE 5 MAPE. VE4N 45
R 2, 58L& T &8 bn s UE O AR bR L A
1 5, DSAGACN 1E T $8Ar 135 58 35 0 T FE 2
BRI T HAE I 22 E08E 23 b b 0 R S R g

#2 Atz s B

PEMS04 PEMSO07

1)
A MAE RMSE MAPE (%) MAE RMSE MAPE (%)

STSGCN  21.19 33.65 13.90 24.26 39.03 10.21
STGODE 20.84 32.82 13.77 22,99 37.54 10.14
DSTAGNN 19.30 31.46 12.70 21.42 3451 9.01
STG-NCDE 19.21 31.09 12.76 20.53 33.84 8.80
STWave  21.20 34.47 14.32 20.33  34.03 8.58
SSTBAN  18.89 31.21 12.62 20.45 37.55 9.31
CAST-Net 20.53 32.62 14.63 23.28 38.81 10.17
IEDSFAN 19.24 31.37 12.68 20.63 33.86 8.89
DSAGACN 18.73 30.80 12.47 20.17 33.89 8.45

HARKE, £ PEMS04 #4E4E I, DSAGACN 15
PR 48 bR AT AT, U LA S bl ity 152 22 3011 e 77 14

8

RMSE 1645 b, BRI 5 0 1) Bk B i B0 A B S I, A2
PSSR TE A A eI U FE T v 1Y) PEMISO7 4 4R
b, BERAE MAE 5 MAPE EAMRSRREFRATSG, RMSE B
BHAE PEMS04 F 1 45 SRus A 330, EATJE T BT A A5
ARG, XK W] DSAGACN FIr K H HREAE S Rl
B R 838 A [R50 73 A, BA BRIz A RE

{EASER A2, PEMS07 d 4 BA 5 & 1 RRAE U
KRG EARIN B0 L5 1, 350 T R R A R
196 5 I 2 400 R A 5 THI A HE . X AT g /2 DSAGACN
EZH A4 F RMSE /M@ RS i) F 2R . R
i, AEALEEARATI R I R A ) T e

A ML £ 5 Hr, DSAGACN ()45 245 2
THE XTI FERIA R R 3 75 T Bt 7E R [R] 4
FE b, S8 4) 2 R AR SR R A A4, TR N 4 AR R B A
fiE FL AR S KIS, A gERE b, SINR
SRENHL, B G AR 22 F A0 IR DR IR AR AT 7E A 2
RA Z T, BT BB AS BB, SEILIR B R E R
T G B P RAE (0 J PR SEIG 45 SRR W, 1T RE s T
A VA b 220 1) 52 30 9 1Y) B0 AS AL AR, AT S 5 B T
DK FE.

6 J&7~ T DSAGACN 7£ PEMS04 5 PEMS07
B4 L2 0 T 45 3, DSAGACN X 3k 12 AN
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PRI HTUnT.
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22 AR S I 2R LR b TR AE . (AR ZE 3 Kot 34
IORFE— 2, A ISR R BB B, S et AL A
PRSI (05t 7 T 0 251 5 e
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361 12F
21
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123456789101112 123456789101112 123456789101112
)25 P i R 25
(a) MAE (b) RMSE (c) MAPE
Bl6 WAEIEE LTNHRZE

(3) w/o TSF: ‘B FEBR T I 2SRRI A A B ER, S5O AL
FH A 452 J2 Rl G TO0I, DA 0 58 A0 IR 233 R A1 320 R IR
JE UR Rl R TR £

%3 MK 7 BT DSAGACN Jz H: 3 FhapfA7E
PEMS04 #5455 F 1 RE X EE.

3 PEMSO04 HE4E L mhss R

#% DSAGACN, HAFALAF IA% Bon 70 52 mi A LA
FER 22 5 I [ R A RE 0 R SR R0 PR RERE W B K, 2R
WY i FRUPSE IR e R A S B B2 T TS 2 1) S i 3 A
S AR 2, W3 L A T e S SR Tk 1 45+ A
FAS BB AR I 2 R AL R G B R R R A B, (BT
Xt fpe A e B AT FRUE TTRR.

L2 MAE RMSE MAPE (%) IR b B 45 R R W], DSAGACN Hr i RUE I
W/o SE&GACN 19.23 3128 12.86 o gt ;e
w/o CSIA 19.03 31.02 12.63 Jradt. EhA RS I SRR G X 3 KA R
w/o TSF 18.91 30.91 12.62 B[R IG R AR, SRR S8 T R A AR S8 8 Y TAT: 5%
DSAGACN 18.73 30.80 12.47 . i . .
HR AR BRI AR, BRIE T AR SCHT AR S B A U ) A
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3.6 itEARTE

N ARGV ) TH R AR, AR SCAE PEMS04 4
JE4E B T DSAGACN 52 MG HIA IS
EFL I ), WIS 7E AR SCSEIR IR B N EAT, &5 Rk 4
Fios. fabn B A AR I ZRIN 8] (s) AR IR AHERR IS 6] (s).

2% 4 PEMSO04 F a4 B AN FIRAL )i+ B 1R (s)

R R RIS 1R FERLI A
STSGCN 57.55 14.39
DSTAGNN 150.37 10.21
STWave 70.02 6.74
SSTBAN 137.23 7.53
DSAGACN 49.69 5.82

M 4 AT WL, AN RIS ) ST 2 e . o,
DSTAGNN K455 2. F-47 AR, YR 18] 5% &
STSGCN TEHMERR Bt ™ AL AL 2 A1 T 4H; SSTBAN 4431
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I BT R A 2H 2 HE SR AE TH B AR T T R I
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BIE 5 20 R 5 a1 STWave # E, I 25 5 Ta] 475 B A
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TE AR D 28 45 K b B AR BE UL, A L7 48 7 v T00IUAS 2
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AR, I T AL RS P AT AT S A

4 Fw5RE

ASCHEH — PR A s R A B = ) 53 BT
BB HRIAZ BRI AL A DSAGACN, LAR X I 2%
BB AR B P FIRAEA 2 AL Al A IR
FEE R RS PR SRR R T 2 4 FE ) [R] I R AE
PR SRt S HEZE. 7E PEMS04. PEMSO07 25 B 5248 il £
A L Seat 45 KB, DSAGACN £ MAE. RMSE
M MAPE 3% 3 TORHEVHN fabs E 3 W2 0T STSGCN.
DSTAGNN %5 8 Fh E i SR MY, I0IF T HAE B 25 RF
FE A7 THI R 7 Al S 90 3 — 2 R W, 5 R A
(AR, B 2 (R A DA R I R AR R 51X 3 K0
R 04 il [7 A P R A2 i R T 119 DG, EIE 7 Y
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DR A B BRI R, AR AR R T
R BRI, B SEAR I S5 P B8 RE, A T s B
RGUERE . PRI, A2 TN 57 RO SR8 K A U R
T A I, AR ATS T W v SR A T SRR I S
LA AR BE 0 T B A Bk, ARk AR & HE A 4 2 1)
BRI AT T SRR, JFRZE T U 1A
RS S B RE .
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