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Abstract: This paper aims to overcome the limitations of
existing research that simplifies the traffic congestion
source-tracing problem into path flow estimation or
congestion correlation analysis. It proposes a more
comprehensive and effective system for tracing vehicle
paths in traffic-congested sections of urban expressways.
Using the path as the basic analysis unit, it develops an
innovative unified framework integrating both path flow
estimation and congestion correlation  analysis.
Additionally, it proposes a method based on the route-
based deformable convolution long short-term memory
neural network (RSDC-LSTM). The model consists of
three core modules: constructing a path state feature set
based on historical path flow data and short-term
prediction data; quantifying the dynamic influence
weights of each path on traffic congestion through a
collaborative modeling of the multi-path convolutional
long short-term memory network and the soft-attention
mechanism; and using the deformable convolutional
the

correlation features of congested sections and achieve the

neural network to capture spatial-topological
evaluation of path importance in both spatial and temporal
dimensions. Empirical research shows that RSDC-LSTM
effectively identifies key paths of traffic congestion and
ranks their influence. By regulating the top 10% of high-
influence paths, peak travel speeds can be increased by
23.36%, while the number of stops and delay time can be
reduced by up to 29.41% and 43.82% respectively. The
RSDC-LSTM method proposed provides a quantifiable
decision-making framework for developing dynamic
traffic control strategies and contributes to improving the

traffic operation efficiency of urban expressways.
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Fig. 1 Traffic congestion tracing scenario
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Tab. 2 Traffic congestion source-tracing of the 21st main section at 8:15 in morning peak
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Tab. 3 Traffic congestion source-tracing of the 14th main section at 18:30 in evening peak
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Fig. 7 Logic of traffic congestion source-tracing and control
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Tab.4 Average results of congestion source-tracing
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Tab. 5 Verification of traffic control performance
K DUEAE 4k/ %
T | <o - Byl = RN 729 0, s ~
PrEAE R A IR L/ Vo 4(71?5@ [% / B TR Av An, Ad
m.h™ 1) v n, d

10 29.62 1.72 5.08 1.44 1.18 —10.25
20 31.88 1.50 4.49 9.18 —11.76 —20.67
PR B A I A 30 35.27 1.41 4.04 20.79 —17.06 —28.62
40 34. 60 1.22 3.18 18.49 —28.24 —43.82
50 36.02 1.20 3.67 23.36 —29.41 —35.16
10 28.77 1.72 5.14 —1.47 1.18 —9.19
20 32.16 1.34 4.26 10. 14 —21.18 —24.73
oA 30 31.33 1.62 5.06 7.29 —4.71 —10. 60
40 30.63 1.57 4.73 4.90 —7.65 —16.43
50 32.98 1.09 3.39 12.95 —35.88 —40.11
10 29.33 1.73 5.54 0.45 1.76 —2.12
20 30.52 1.66 5.62 4.52 —2.35 —0.71
3 B HAB 1 30 29. 68 1.84 5.32 1.64 8.24 —6.01

40 28.77 1.64 6.04 —1.47 —3.53 6.71

50 29.85 1.71 5.80 2.23 0.59 2.47
10 29.92 1.75 5.03 2.47 2.94 —11.13
20 30. 68 1.56 4.92 5.07 —8.24 —13.07
HAb A T Ao 30 32.03 1.55 4.38 9. 69 —8.82 —22.61
40 30.59 1.48 4.05 4.76 —12.94 —28.45
50 34.86 1.23 4.18 19. 38 —27.65 —26.15

SR 1020 ETH2 5000 I, A5 5
B st ¥ 2 B BT S (B i 2= A Y TR
FAATLE 1T /- TR i 2
S 11 8 A PR Ay T R, DL T A Ok 1 A 53
AR S T AT R R R (1. 47 04) AR
iy F (8. 24%0) LA KSR ERAYSE N (6. 7104) 5 X4k
N R AT A ] 5 0 A S A i 4 4 T SR A
oL, DA R e — il B A, SR FoR i 1%
QSRR R ORRT AT PNIVESE AL RN
FRIBEAS s XS IR R E B R B B AR EA T R4 BOR T
Yyf W1 AT R B e R RT $T) 23, 360, 15 4RIk
Wi 29. 4106 iR e 2 PIE T 43.8200.

e T U 3 Sk AR B A 2 AR SR B IR T
RSDC-LSTM A9 22 38 P18 01 U5 235 S AT i e 45 21 50
A BT M 1 A B A SR e, RV FL I IE T A%
M A S A R B AR R A T R, 6 DU B 11
AT R b 1S 0 A2 38 A ) 4 ok 2% ik 52 8 A1 B 1Y
gt o

5 ZitE5RE
358 EH— T 0 S T Dk B 58 0

R 22 3 7 E——RSDC-LSTM, % 7 i H Tt e
I T P [ A T P 3 YR ) T, ] DS P s A



378 [l o K 2 2 MCH 9K BE 2% O

%53 %

3l 2 P X S 2 BT o

K FH SR SR 081 St 43 B R FLSE B B AN [R]
AP SR T, 25 SRR B X B e R R 1Y
PEAR AT PR 5 e W d , ] SR T o P e KT
$ETF 23. 36 %0 AF IR B 208070 29. 41, 1T 1R B
Z W T 43.82%.

AT GEATIAFAE— 5 AN I, AR 52 T T B0 DR L
B — N BT AR R A A RS
T R . 5 Rt — % e 2 Fp
TRTE R 2, ME— 2500 Ak 58 38 41 33 B9 D43 A A E 4

3

Jithe

{E& STk 7S A -
HREEE SR I BUAESE BES BN SC.
WA REL < Ak BRSSIE R RS 1830
TR B0 EAESE B ki 3.
JERERL: P WSS RS FE G S
ik B gE O EACS 5 LR IE BEGE .

SE WK

(1] 7 B . 2022 45 i v [l Tl 38 38 4R 5 [ R/OLL 1. [ 2023-07-
11]. https://huiyan. baidu. com/boswebsite/jiaotong/cms/
reports/traffic/2022/index.html.

Baidu Map . 2022 annual report on urban transportation in
China [R/OL]. [2023-07-11]. https://huiyan. baidu. com/
boswebsite/jiaotong/cms/reports/traffic/ 2022/index.html

(2] R . DR i 5 T S SO S BHR S Tl (R ] I
Hh R e s IR R, 2018,

XU Chengcheng. Real time identification and active control of
expressway traffic accident risks [R]. Shenzhen: China ITS
Industry Alliance, 2018.

[3]  BORIS Medina-Salgado, EDDY Sdanchez-DelaCruz , PILAR
Pozos-Parra, et al. Urban traffic flow prediction techniques: a
review [J]. sustainable computing: informatics and systems,
2022, 35:100739.

(4]  HBPR, BLBE, XUMSAS , 55 St sC il Al iz 2520k [T ).
BHERERER,2023,27(2) 1 27.

SHAO Hu, ZHUO Yue, LIU Pengjie, ez al. Operations
research methods for urban traffic flow estimation[J]. Journal of
Operational Research Society, 2023, 27(2): 27.

[5]  Van ZUYLEN H J, WILLUMSEN L G. The most likely trip
matrix estimated from traffic counts [J]. Transportation
Research Part B: Methodological, 1980, 14(3): 281.

(6] Har. JE TR APUL AR APLE) 4 thATBE SR IO i RO AR
SMTHD]VLIR fE At AR, 2021
CAO Qi. Extraction of motor vehicle travel chains and road
network state estimation based on quasi-complete sample
trajectory data [D]. Jiangsu Najing: Southeast University,
2021.

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

NG, . [ SRR T AR AT M A R R [T
[P R (A ARFRERRD L 2011, 39(12) : 1800.

SUN Jian, FENG Yu. A new method for estimating travel
matrix of vehicles under automatic recognition environment [J].
Journal of Tongji University (Natural Science) , 2011, 39
(12): 1800.

PG, T AT AR A SRUNEOR BB As OD A B
IPELT ] ABE R 2 A SRR, 2013, 41(9) : 1366.
SUN Jian, FENG Yu. New method of dynamic od matrix
estimation based on automatic vehicle recognition technology
[J]. Journal of Tongji University (Natural Science), 2013, 41
(9): 1366.

DIXON M P, RILETT L R. Real-time od estimation using
automatic vehicle identification and traffic count data [J].
Journal of Computer Aided Civil Infrastructure Engineering,
2002, 17 (1) :7.

BRAERS , B, FE R T A P B Rt f /) R
BER AR I B AR S A T D7k [T ], v A il 2022,
35(3):226.

YAO Jiarong, CAO Yuming, TANG Keshuang. Path flow
estimation method for signal-controlled road network based on
sampled trajectory data and improved least squares model [J].
China Journal of Highway and Transport, 2022, 35(3): 226.
JIAN Yuan, YU Chunhui, LING Wang , ez al. Driver back-
tracing based on automated vehicle identification data [J].
Transportation Research Record, 2019, 2673(6): 84.

TANG Keshuang, CAO Yuming, CHEN Can, ef a/. Dynamic
origin - destination flow estimation using automatic vehicle
identification data: A 3d convolutional neural network approach
[J]. Computer-Aided Civil and Infrastructure Engineering,
2021, 36(1): 30.

THRE - . T 22 USSR Rl ) R T 0 5 e 3 i O i
FE[D ] Miat AR MR, 2021,

XING lJiping. Research on urban road network traffic flow
estimation method based on multi-source data fusion [D].
Nanjing : Southeast University, 2021.

BEMbK . B TR 2 4 A3 DR B DGR S B ——
LA BT A BT ). 3850 512850 (EARM) , 2014(1): 26.
LIANG Linlin. Analysis of correlation characteristics of urban
expressway congestion based on data mining: a case study of
shanghai [J].
(1): 26.
FSRLL . LT S B dha ) R T S T 3 ) s SCIRE 3 A
[D]. dbat:Jbatsciies, 2019.

WANG M. Analysis of spatio-temporal correlation of traffic

Transportation and Transport Science, 2014

congestion in tianjin based on field data [D]. Beijing: Beijing
Jiaotong University, 2019.

NGUYEN H, LIU Wei, CHEN Fang. Discovering congestion
propagation patterns in spatio-temporal traffic data [J]. IEEE
Transactions on Big Data, 2017,3(2): 169.

CHEN Zhenhua, YANG Yongjian, HUANG Liping, et al.

Discovering urban traffic congestion propagation patterns with



5 3 1

SR, 4 ST ORI ST BT PO S YT T B 4 AR R

379

[18]

[19]

[20]

[21]

[22]

(23]

taxi trajectory data[ J]. IEEE Access, 2018,6: 69481.

WRIEHR, RIAEE, S0, A . 2T DU SCHR i s il 4 144 7>
BrLI]. iR A (A SRR, 2020, 51(12) : 3575.
CHEN Meilin, ZHENG Zhihao, GUO Bao, ez al. Analysis of
traffic congestion propagation based on causal association [J].
Journal of Central South University (Natural Science Edition) ,
2020, 51(12): 3575.

LUAN S, KE Ruimin,ZHOU Huang, ez al. Traffic congestion
propagation inference using dynamic bayesian graph convolution
network [J]. Transportation Research Part C: Emerging
Technologies, 2022, 135: 103526.

SHI Xingjian, CHEN Zhourong, HAO Wang, et al.
Convolutional Istm network: a machine learning approach for
29th
International Conference on Neural Information Processing
Systems. Montreal: MIT Press, 2015,1: 802.

VASWANI A, SHAZEER N, PARMAR N, ez al. Attention
is all you need [C]// Proceedings of the 3lst International

precipitation nowcasting [C]//Proceedings of the

Conference on Neural Information Processing Systems. Long
Beach: Curran Associates Inc., 2017: 6000.

DAL Jifeng, QI Haozhi, XIONG Yuwen, et al. Deformable
convolutional networks [ C]//IEEE International Conference on
Computer Vision. Venice: ICCV, 2017: 764.

CHEN Haibo, GRANT-MULLEr S, MUSSONE L, ez al. A
study of hybrid neural network approaches and the effects of
missing data on traffic forecasting [J]. Neural Computing and
Applications, 2001, 10(3): 277.

[24]

[26]

[27]

[28]

[29]

[30]

MA Xiaolei, DAI Zhuang, HE Zhengbing, et al. Learning
traffic as images: a deep convolutional neural network for large-
scale transportation network speed prediction [J]. Sensors,
2017, 17(4): 818.

FU Rui, ZHANG Zuo, LI Li. Using Istm and gru neural
network methods for traffic flow prediction [C]//2016 31st
Youth Academic Annual Conference of Chinese Association of
Automation (YAC). [s.1.]: IEEE, 2016: 324-328.

AHMED M S, COOK A R. Analysis of freeway traffic time -
series data by using box - jenkins techniques[J]. Transportation
Research Record, 1979(1-9): 722.

WILLIAMS, B M, HOEL L A. Modeling and forecasting
vehiculartraffic flow as a seasonal arima process: Theoretical
basis and empirical results [J]. Journal of Transportation
Engineering, 2003,129:664.

HYNDMAN R J, KOEHLER A B. Another look at measures
of forecast accuracy [J]. International Journal of Forecasting,
2006, 22(4): 679.

TANG Keshuang, CHEN Siqu, CAO Yumin, ez al. Short-
term travel speed prediction for urban expressways: hybrid
convolutional neural network models[ J]. IEEE Transactions on
Intelligent Transportation Systems, 2022, 23(3): 1829.

B2Ibe . BT RIR P Y AR v S E A ZE IO R 2 A R R A
WATFE[D] AT HipoRaA, 2021

CAI Xiao. Research on urban traffic congestion prediction and
spatio-temporal propagation pattern mining based on knowledge
graph[ D ]. Changchun: Jilin University, 2021.



