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Freeway Cell Transmission Model under Automated and Human-
driven Hybrid Traffic Conditions

Student: Wei-Che Hsu Advisor: Yu-Chiun Chiou
Department of Transportation and Logistics Management

National Yang Ming Chiao Tung University

ABSTRACT

With the advance of automatous technology, the penetration rate of autonomous
vehicles will rapidly grow in near future. Therefore, how to accurately replicate the
traffic behaviors under hybrid traffic conditions consisting of automated and human-
driven vehicles is essential. Based on this, this study aims to develop and validate a
hybrid traffic cell transmission model and investigate the applicability of the proposed
model.

To simulate the traffic condition with hybrid automated and human-driven vehicles,
this study incorporates a discretional lane-changing mechanism to account for lateral
lane-changing behaviors. Different lane-changing settings will be designed for both
autonomous and human-driven vehicles. To tune and validate the proposed CTM model,
traffic data and geometric design of National Freeway No. 5 were collected. Real traffic
and simulated traffic are compared at three downstream segments of short (3 km),
medium (5 km), and long (6.5 km) and peak and off-peak periods., respectively.

The validation results of the proposed CTM model on pure human-driven traffic
show that in terms of mean absolute percentage error (MAPE), the MAPE values are
better than the original CTM model at three length of segments, respectively, suggesting
the proposed model can satisfactorily replicate the traffic behaviors. To further
demonstrate the applicability of the proposed model, the optimal ramp metering rates
for various time periods are solved by genetic algorithms (GAs) so as to minimize total
collision risk and maximize total traffic throughput based on the proposed CTM model
under various penetration rates of autonomous vehicles and peak/off-peak traffic
conditions. Comparing to the scenario without ramp metering control, the optimal ramp
metering plan can effectively increase total traffic throughput, which is even increased
to 51.49% as the penetration rate of autonomous vehicles grows. However, the increase
in total throughput becomes less significant as traffic flow reaching capacity.
Meanwhile, the total collision risk has not been significantly improved as the
penetration rate of autonomous vehicles grows.

Keywords: Cell transmission model, Hybrid traffic, Autonomous vehicles, Human-
driven vehicles, Ramp metering
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1. 2pF38 % i k47 W vk (Pre-Timed Ramp Metering)
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2. F Wi k4% (Reactive Ramp Metering Strategies )
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3. #EX FiE; % »~ ¢ 41(Gap-Acceptance Merge Control)
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