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Short-term traffic flow prediction for urban road network incorporating

traffic flow propagation characteristics

CHEN Bohao

(Traffic and Transportation Enterprise Development Center of Liaoning Province, Shenyang 110005, China)

Abstract: [Purposes] This paper aims to seek a method with high data utilization efficiency and strong
interpretability of the propagation mechanism of traffic flow in a road network to solve the short-term
traffic flow prediction problem in urban road networks. [ Methods] The paper proposed a short-term
traffic flow prediction model for urban road networks (NNLTM-TGAT) that integrated traffic flow
propagation characteristics. The model used the link transmission model (LTM) as the road network
traffic flow model, converted the traditional non-differentiable traffic flow model into a differentiable
computational graph, incorporated the propagation mechanism of traffic flow in the road network into
the computational graph model, and introduced the graph attention gated recurrent neural network
(GAT-GRU) model to extract feature information in the time and spatial dimensions from urban road
network traffic flow data, achieving short-term traffic flow prediction at the intersection flow level in
urban road networks. [Findings] The paper uses traffic flow data from a partial road network in the
central urban area of Taizhou, Zhejiang Province for model performance testing. The results show that

the NNLTM-TGAT model proposed in this paper achieves root mean squared error (RMSE) values of
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6.97 vehicle, 6.49 vehicle, and 6.86 vehicle for 5-minute flow prediction in morning peak, off-peak,

and evening peak scenarios, respectively, outperforming the comparative models in prediction

performance. [Conclusions] The NNLTM-TGAT model proposed in this paper can leverage the

powerful high-dimensional spatiotemporal modeling capabilities and dynamic feature learning abilities

of deep learning models to extract spatiotemporal characteristics from raw data and utilize the prior

knowledge of traffic flow propagation mechanisms to achieve better prediction performance in different

scenarios.

Key words: short-term traffic flow prediction; urban road network; link transmission model;

computational graph; graph attention gated recurrent neural network
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Table 1 Comparison of model prediction performance under
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Table 2  Estimation results of model parameters for some links with observable upstream and downstream traffic flow
BB AR FiiFse FiFsE i ] B LG e 0 s | o/ (mes™) | w0 /(mes™) Fyy Ci5-m™")
MR | AR RGE-ARIR R | AR -2 8:00—8:15 Fgsig 9.847 3.156 0.127
HUDIRIE | T RIE-TLORIE | WO RIE-T 0 | 8:00—8:15 FL g 9.679 3.204 0.128
PV v TF & KA -2 IR TF R - B it K 8:00—8:15 Bl g 10.128 3.171 0.125
AURRIE | TIRFRIE-ARIKE | TRIE-2 8% | 10:00—10:15 - 11.786 3.012 0.126
UL RIE | A RIE-TLORIE | RIS | 10:00—10:15 RAL 11.697 3.008 0.121
FHRKE | HERKE-ZARE | FRRE-HBRIE | 10:00—10:15 Tl 12.185 2.997 0.123
MORFRIE | TR RIE-AR K IE TR KIE-Z i | 18:00—18:15 e e U 9.765 3.165 0.127
UL RIE | TR RIE-HG RIS | A KIE-) P | 18:00—18:15 i g U 9.827 3.189 0.128
TPRKE | JPRRBE-Z2ARE | JPRKE-HHERE | 18:00—18:15 M5 e U 10.244 3.225 0.128
T3 R EAEA A F TR M AR AT
Table 3 Prediction performance comparison of traffic flow among different models
o P25 (R i) /[ (5 min) ™ 22 CF08) /(49 (5 min) ™' ] P22 (W 5 )/ 4+ (5 min) ™'
Ryne Risir Rise Ry Rinsre Ryt Ry Riyerr Riss
NNLTM-TGAT 5.35 0.27 6.97 4.84 0.24 6.49 5.23 0.26 6.86
NNLTM 14.47 0.44 18.35 13.41 0.41 17.12 14.36 0.43 18.23
GAT-GRU 5.46 0.31 7.19 5.09 0.28 6.73 5.32 0.32 7.01
ARIMA 7.21 0.38 9.05 6.81 0.36 8.66 7.03 0.39 8.87
LSTM 5.69 0.33 7.58 5.35 0.29 6.98 5.57 0.31 7.34
HA 5.74 0.36 7.76 5.42 0.32 7.27 5.68 0.35 7.55
T4 BE L H IR E
Table 4 Multi-step prediction errors of the model
PR25 (R ) /[ (5 min) ™ 22 CF-) /[ 49 (5 min) ™ ] 22 (W 18 ) /[ 485+ (5 min) ™'
TH I /min
Ryae Riein R Ryae Ryeir Rise Ry Ryeir Rise
5 5.35 0.27 6.97 4.84 0.24 6.49 5.23 0.26 6.86
10 5.43 0.29 7.04 491 0.25 6.55 5.31 0.28 6.93
15 5.47 0.30 7.08 4.95 0.26 6.59 5.34 0.29 6.98
20 5.52 0.31 7.13 4.99 0.26 6.64 5.38 0.30 7.02
25 5.58 0.32 7.21 5.03 0.27 6.72 5.42 0.31 7.09
30 5.65 0.33 7.29 5.12 0.28 6.81 5.48 0.32 7.17
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Fig. 7 Trend charts of real and predicted traffic flow values

over time
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