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Fig. 1 Trajectory prediction framework based on time series pattern decomposition
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Table 1 ~ Comparison of ADE and FDE for different models on INTERACTION dataset
B/ AARRN Eip T Eg/m :
CVM LR P-LSTM S-GAN Trajectron HivT MST
1 0. 16/0. 29" 0. 24/0. 32 0.23/0.28 0.22/0. 28 0.22/0.27 0. 20/0. 25 0. 16/0. 23
2 0. 59/0. 78 0.58/0.92 0. 47/0. 60 0.42/0. 58 0. 38/0. 41 0. 29/0. 38 0.24/0. 35
3 1.21/1.92 1.43/2.28 0.84/1.53 0.81/1. 54 0.62/1.09 0.55/0.95 0. 49/0. 90
4 2.94/3.98 3.85/4.73 1.27/1.51 1.28/1.87 0.81/1.26 0.70/1. 20 0.65/1. 19
5 4.28/6. 12 5.89/6.91 1.78/2.21 1.65/2. 68 1.36/2.02 1.22/1.85 1.19/1.85
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%2 AFEELE RounD B4R B ROEHIM LR 5 IR LR IR 22X L
Table 2 Comparison of ADE and FDE for different models on RounD dataset

ANEBREE, 5 E,/m

B Es CVM LR P-LSTM S-GAN Trajectron HivT MST
1 0.27/0. 38 0. 36/0. 42 0. 34/0. 41 0.31/0.38 0.27/0. 31 0. 26/0. 32 0. 26/0. 29
2 0. 65/0. 87 0. 64/1. 00 0.57/0.73 0.47/0.58 0. 40/0. 47 0. 35/0. 47 0. 30/0. 46
3 1.27/1.99 1.48/2.30 0.90/1. 63 0. 81/1.56 0.52/0.99 0. 49/0. 90 0.47/0. 89
4 3.01/4.05 3.88/4.77 1.29/1.52 1.26/1. 85 0. 84/1.24 0.70/1.22 0.67/1.18
5 4.35/6.29 5.95/6.87 1.83/2.24 1.69/2.77 1.30/1.95 1. 16/1. 82 1. 16/1. 80
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Table 3 Results of ablation experiments

R EF INTERACTIONS R E, 5 E, /m

AFEIE T RounD Y E, ) 5 E,/m

L Is 3s 5s Is 3s 5s
SUfT R LB ] 2R i £ MHA 0. 38/0. 42 1.01/1.75 2.36/2.95 0. 40/0. 45 0.95/1. 63 2.15/2. 84
SO 3 52 i &% TimeMixer 0.31/0. 36 0.78/1.40 1.61/2.26 0. 33/0. 39 0.75/1.36 1.54/2. 18
MHA-TimeMixer 0.25/0. 31 0.68/1.28 1.53/2.20 0.28/0.33 0. 66/1. 26 1.49/2. 15
SGC-TimeMixer 0. 16/0. 22 0.53/1. 05 1.33/1.99 0. 24/0. 27 0.53/1. 05 1.34/1. 87
MHA-SGC-TimeMixer 0. 16/0.23 0. 49/0. 90 1.19/1.85 0. 26/0. 29 0. 47/0. 89 1. 16/1. 80
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Table 4 Comparison of computational efficiency among differ-

ent models
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Fig.5 Vehicle trajectory prediction diagrams for case 1
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Fig. 6 Vehicle trajectory prediction diagrams for case 2
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Fig. 7 Vehicle trajectory prediction diagrams for case 3
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Vehicle Trajectory Prediction at Roundabouts Based on
Time Series Pattern Decomposition

ZHANG Jianhua LI Wei
(School of Civil Engineering and Transportation, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: To enhance the vehicle trajectory prediction accuracy in complex structured scenarios such as roundabouts, a
deep learning model combining multi-head attention (MHA) mechanism, simplified graph convolution (SGC) network and
TimeMixer mechanism, namely MST, is proposed. The model is built upon a macro-micro dual-encoder architecture.
At the macro level, an MHA mechanism is employed to capture the long-term guiding constraints imposed by global
road topology. That is, by modeling the complete historical trajectory of the vehicle and the structure of the roundabout
(such as the deep relationship of the entrances and exits) to infer vehicle’s long-term driving intention. At the micro
level, first, an SGC network is used to extract instantaneous spatial relationships among vehicles. Subsequently,
TimeMixer mechanism is introduced to map the one-dimension interaction sequence into multi-scale,
multi-resolution 2D spatio-temporal images. By explicitly decoupling and hierarchically fusing periodic tactical
behaviors and trend-oriented strategic intentions, a precise capture of deep interaction patterns is achieved. The
information streams from both levels are integrated via a gated fusion network and then fed into a gated recurrent
unit decoder to generate the final trajectory. Experiments on the public INTERACTION and RounD datasets
demonstrate that, within a 5 s prediction period, the proposed model achieves an average displacement error and a
final displacement error of 1. 19 m and 1. 85 m on the INTERACTION dataset, and 1. 16 m and 1. 80 m on the RounD
dataset, respectively, outperforming all baseline models. The results indicate that hierarchically modeling macro-level
global constraints and micro-level spatio-temporal interactions, particularly through the decoupling analysis of
interaction patterns, can significantly improve the trajectory prediction performance in complex scenarios.

Key words: roundabout; vehicle trajectory prediction; multi-head attention; simplified graph convolution; TimeMixer



