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 BACKGROUND

• Traffic congestion continues to pose a serious problem.

• Traffic delay: reduced economy productivity of transport-dependent and 

transport-related industries.

• Non-bottleneck related congestion: in the absence of physical 

bottlenecks, i.e., phantom traffic jams.

• Human drivers irrational or spontaneous driving patterns can result in

perturbations amplified to form stop-and-go waves.

 RESEARCH OBJECTIVE

• Design controllers for CAVs to stabilize mixed traffic flows.

• Incorporate behavioral heterogeneity and perception-reaction time

delay associated with the human drivers.

• Formulate analytic conditions characterizing string stability, safety and

performance of autonomous vehicle controllers.

 PRELIMINARIES

• The standard schema of a platoon comprises a leaning vehicle (vehicle 0)

and following mixed traffic (both CHDVs and CAVs).

• To ensure a rigorous inquiry into the research problem, the following

assumptions are made:

✓ All the vehicles in the platoon (CHDVs and HDVs) are well-connected.

✓ Communication errors or propagation time delay is not considered.

➢ 𝜶𝒊 and 𝜷𝒊 trades off between traveling at the optimal velocity and

following the preceding vehicle.

➢ 𝒙𝒊, ሶ𝒙𝒊 and ሷ𝒙𝒊: displacement, velocity and acceleration of the 𝒊-th

vehicle. 𝜟𝒙𝒊 ≔ 𝒙𝒊−𝟏 − 𝒙𝒊 and 𝜟 ሶ𝒙𝒊 represents headways and velocity

difference respectively.

➢ Consider perturbations around the equilibrium state, where the 

optimal headways 𝚫𝒙𝒊
∗ 𝒕 ≔ 𝝀𝟐𝒊𝒗𝒊 𝒕 + 𝝀𝟑𝒊.

• Dynamics of CAVs: Full Velocity Difference Model (FVDM) without-time-

delay is used.

 DYNAMICS OF VEHICLES
• Dynamics of HDVs
➢ Full velocity models incorporating heterogeneity and time:

ሷ𝑥𝑖 𝑡 = 𝛼𝑖 𝑉 Δ𝑥𝑖 𝑡 − 𝜏𝑖 − ሶ𝑥𝑖 𝑡 − 𝜏𝑖 + 𝛽𝑖Δ ሶ𝑥𝑖(𝑡 − 𝜏𝑖)

 CONTROLLER PERFORMANCE METRICS

• Vehicular string stability: the magnitude-squared frequency response 

should satisfy the following equation.

𝑻𝑨 𝒋𝝎 𝟐 ≤ 𝟏, ∀𝝎 ≥ 𝟎

➢ The sufficient conditions:
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𝟐 + 𝒌𝟏

𝟐𝝀𝟐
𝟐 + 𝟐𝒌𝟐𝒌𝟑 + 𝟐𝒌𝟏𝒌𝟐𝝀𝟐 − 𝟐𝒌𝟏 ≥ 𝟎

where 𝒌𝟏 = 𝜶𝑽′(𝚫𝒙𝒊
∗), 𝒌𝟐 = 𝜶, and 𝒌𝟑 = 𝜷

• Platoon string stability:
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The number of stabilized HDVs is denoted as 𝒏𝒔𝒕𝒂𝒃𝒍𝒆
∗ .

• Safety and efficiency consideration:

➢ Minimum headway 𝚫𝒙−: stopping distance to avoid collision.

➢ Maximum headway 𝚫𝒙+: ensures that the vehicle will not maintain an 

unreasonably large headways.

The number of HDVs being safely and efficiently stabilized is 𝒏𝒔/𝒆
∗ .

 OPTIMIZATION PROBLEM FORMULATION

• The overall controller deign problem can be formulated as a multi-

objective problem to maximize 𝒏𝒔𝒕𝒂𝒃𝒍𝒆
∗ and 𝒏𝒔/𝒆

∗ . 𝒌𝟏, 𝒌𝟐 and 𝒌𝟑 are 

parameters to be tuned.

 SCENARIO SETTINGS:

• 𝒗𝟎 = 𝟒𝟓𝒎𝒑𝒉 , 𝝀𝟐 = 𝟏. 𝟓𝒔−𝟏, 𝝀𝟑 = 𝟐𝐦
• to introduce heterogeneity, parameters charactering HDV models are 

sampled from the following distribution: 𝜶𝒊 ∼ 𝓝 𝟎. 𝟎𝟒, 𝟎. 𝟎𝟎𝟒 , 𝜷𝒊 ∼
𝓝 𝟎. 𝟏𝟖𝟓, 𝟎. 𝟎𝟏𝟖 , 𝚫𝒙𝒊

∗ ∼ 𝓝 𝟑𝟎. 𝟏𝟐𝟓, 𝟑 .

 RESULTS

• By turning the parameters that characterize the controller, 𝒏𝒔𝒕𝒂𝒃𝒍𝒆
∗ and 

𝒏𝒔/𝒆
∗ are optimized with 𝒌𝟏 = 𝟎, 𝒌𝟐 ≈ 𝜼𝒌𝟑.

• For purposes of comparison, we also tested scenarios without 

considering time delay and heterogeneity in HDVs.

➢ The nr. of HDVs that a CAV can optimize is lower when human drivers 

potential time delay and heterogeneity are considered, compared to 

the scenario where such conditions(time delay and heterogeneity) are 

not considered

➢ Existence of HDVs may impair the performance of CAV controllers.

 We focused on the mixed traffic flow conditions which consists of HDVs and

CAVs. Driver heterogeneity and time delay of the human drivers are

considered in modeling the dynamics of HDVs.

 In this paper, controllers for CAV are designed to safely and efficiently

stabilize the entire platoon, which can be utilized to mitigate string instability

caused by the non-controlled leading vehicle.

 Strength of the framework: with connectivity, HDV behaviors can be captured

and estimated in real time. This helps CAVs to accurately predict the

trajectory of HDVs and to make reactive decisions.
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