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Backgrounds

• In order to promote industry-academia collaboration, JSAE 
Technical Division Committee of the Automotive Control and 
Model Research set benchmark problems that apply the 
latest machine learning and control theory to automobile 
control. 

• As one of them, an optimal control problem for the motion 
and energy of a four-wheel in-wheel motor vehicle was 
settled. The object to be controlled is an autonomous vehicle 
equipped with a four-wheel in-wheel motor and a steer-by-
wire system. 
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Vehicle dynamics model (3D-MBS model)
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Task 1: Definition

• Task 1: Acceleration and braking on rough slippery straight 
road.

• Friction coefficient of the road surface : Unknown
• Desired speed profile :

• Course: Straight
• Rough road (Max. height of  bump : 5mm, Pattern: Unknown)

• Treated as unknown external disturbance
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(About 0.3G acceleration and braking) 
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Task1: Evaluation Criteria
• Evaluation criteria: Minimize deviation from the target, body 

motion and energy consumption.

• Evaluation indexes for the Task 1:
• Requirement 1: Reduce the vertical body motion to below the targets.

• 𝑎௭(𝑡) < 𝑎௭_்௔௥௚௘௧ଵ (0.4[m/s2])
• 𝜙(𝑡) < 𝜙_்௔௥௚௘ (0.004 [rad])
• 𝜓(𝑡) < 𝜓_்௔௥௚௘௧ଵ (0.0015 [rad])

• Requirement 2: Minimize the deviation of the vehicle speed from the target.
• 𝐽௩ଵ = ∫ 𝑣 𝑡 − 𝑣_்௔௥௚௘௧ (𝑡)

ଶ
𝑑𝑡

௧೐

଴

• Requirement 3: Minimize the energy consumption.
• 𝐽௘ଵ = ∫ 𝐸(𝑡) 𝑑𝑡

௧೐

଴

𝐸(𝑡) =  ∑ 𝑉஻(𝑡) ȉ 𝐼௜(𝑡)ସ
௜ୀଵ (𝑉஻: Battery voltage, 𝐼௜: Current of each IWM)

௭
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Task2: Definition

• Task 2: ISO double lane change on rough road.
• Friction coefficient of the road surface : Unknown
• Desired speed: 60[km/h]
• Course: ISO double lane change
• Rough road (Max. height of  bump : 5mm, Pattern: Unknown)

• Treated as unknown external disturbance
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Task2: Evaluation Criteria

• Evaluation indexes for the Task 2:
• Requirement 1: Reduce the vertical body motion to below the targets.

• 𝑎௭(𝑡) < 𝑎௭_்௔௥௚௘௧ଶ (1.4[m/s2])
• 𝜙(𝑡) < 𝜙_்௔௥௚௘ (0.7[rad])
• 𝜓(𝑡) < 𝜓_்௔௥௚௘௧ଶ (0.14 [rad])

• Requirement 2: Minimize the deviation of the vehicle trajectory from the target.
• 𝐽௩ଶ = ∫ 𝑥 𝑡 − 𝑥_்௔௥௚௘௧ (𝑡)

ଶ
+ 𝑦 𝑡 − 𝑦_்௔௥௚௘௧ (𝑡)

ଶ
𝑑𝑡

௧೐

଴

• Requirement 3: Minimize the energy consumption.
• 𝐽௘ଶ = ∫ 𝐸(𝑡) 𝑑𝑡

௧೐

଴

𝐸(𝑡) =  ∑ 𝑉஻(𝑡) ȉ 𝐼௜(𝑡)ସ
௜ୀଵ (𝑉஻: Battery voltage, 𝐼௜: Current of each IWM)

௭
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Conventional double wishbone suspension with steering link will be used.
Suspension hard points should be defined to have big anti-dive and anti-squat effects.

Steering Shaft Stiffness
Ks [Nm/rad]

Steering Viscous Friction
Cs [Ns/m]

Gear Box Viscous Friction
CG [Ns/m]

Inertia of Steering Wheel and Column
JQ[kgm2]

to Upright
Upper Arm

Lower Arm

Bush

Gear Box

Stabilizer

Upright

Spring/Absorber

Controller can give the steering input angle. But due to the elasticity and friction, the tire angle is 
not equal to the steering input angle, i.e. there is uncertainty to be compensated by the control. 

Details of the Suspension Model
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Importing FMU from Modelica Model
To import a FMU in Simulink, at first open the Library Browser of Simulink and 
then drag & drop the ‘Simulink Extras -> FMU Import -> FMU’ block into a 
new Simulink model.

Importing CDC2023.Vehicles.Exports.Acceleration.fmu

Then validate bus connectors of the FMU model by following command by Matlab.
>> fmudialog.createBusType('CDC_Task1_Sample/Subsystem/FMU')

Bus Object for Output Port 1: driverOutputs
Bus Object for Output Port 2: evaluationOutputs
Bus Object for Output Port 3: vehicleOutputs
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Simulink Model with Default Controller

Controller FMU from Modelica Model

driverOutputs.vV_P_x[1] = desiredVelocity (along path)
driverOutputs.rV_x = vehicleOutputs.v_t_x (Target x position along path)
driverOutputs.rV_y = vehicleOutputs.v_t_y (Target y position along path)
driverOutputs.sG_x = vehicleOutputs.s_t_x (Target x position by ground coordinate)
driverOutputs.sG_y = vehicleOutputs.s_t_y (Target y position by ground coordinate)

phi_str = tanିଵ
𝑟𝑉_𝑦

𝑟𝑉_𝑥
∗ 𝐺𝑎𝑖𝑛

𝑡𝑎𝑢_ ∗∗= 𝐾௣ + 𝐾௜

1

𝑠
+ 𝐾ௗ

𝑁

1 + 𝑁
1
𝑠

𝑣𝑉_𝑃_𝑥[1] − 𝑣_𝑥  
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Conclusion
• A benchmark problem of optimal motion and energy control of 4-IWM 

electric vehicle was introduced.

• Challengers will be provided with Simulink model of the benchmark 
problem for each two task. Additionally Modelica model with tentative 
license of a commercial tool (Modelon Impact)will be provided if 
wanted.

• It is recommended for many researchers to challenge this benchmark 
problem and present papers in JSAE / SICE conferences.

• Details and registration page will be opened soon. It will be announced 
by JSAE news letter. (Or contact Yutaka Hirano.)

• First trial was already done at IEEE CDC2023.

(https://cdc2023.ieeecss.org/benchmark-challenge/)
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