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[ Abstract] To improve the spatial coverage and timeliness of expressway traffic state estimation, this paper proposes a
joint state estimation method that integrates observational data with a traffic flow model based on the Kalman filter. Intelligent
Connected Vehicle (ICV) probe data are used as observational inputs. Based on Cooperative Adaptive Cruise Control (CACC)
and the Intelligent Driver Model (IDM), the motion behaviors of ICV and human—driven vehicles in mixed traffic flow are
simulated, and traffic density is estimated using the Cell Transmission Model (CTM). Validation using SUMO simulations and
NGSIM field data shows that the estimation error of the proposed method decreases significantly as the ICV penetration rate
increases. Specifically, the Mean Absolute Percentage Error (MAPE) is below 20% at a 20% penetration rate; the estimation
accuracy improves further at 40%; and when the penetration rate reaches 80%, the MAPE is reduced by 16.54% compared with
statistical estimation methods. The proposed method achieves high estimation accuracy and robustiness, which is suitable for
traffic state estimation in complex traffic environments.
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