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Low-level interface supports the class of convex multistage quadratically constrained programs (QCQPs)

• The most lightweight interface

• Provides full flexibility when designing custom solvers and MPC controllers based on non-standard formulations

• Supports all problem data to be parametric (unknown at code generation time)

• Matrices 𝐻𝑖 and 𝑄𝑖,𝑘 should all be positive semidefinite

PROBLEM CLASS OVERVIEW
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GENERAL PROBLEM FORMULATION
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GENERAL PROBLEM FORMULATION

VS

Note: Don’t give your solver the same name as the script you are calling it from. Doing so will overwrite your calling 
script with the solver interface!
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• Driving vehicle equipped with sensors that measure the unevenness of the road ahead

• Preview information used to improve the riding comfort by actively controlling the suspension of the vehicle

• Objective: Regulate suspension by minimizing the heave, pitch and roll acceleration

EXAMPLE: ACTIVE SUSPENSION CONTROL

Göhrle, C.et al. “Design and Vehicle Implementation of Preview Active Suspension Controllers”

@SimCraft
Elattar, Y.et al. “PDF vs PID Controller 
for Active Vehicle Suspension”
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• Driving vehicle equipped with sensors that measure the unevenness of the road ahead

• Preview information used to improve the riding comfort by actively controlling the suspension of the vehicle

• Objective: Regulate suspension by minimizing the heave, pitch and roll acceleration

Detailed example description and MATLAB code are available for download here 

EXAMPLE: ACTIVE SUSPENSION CONTROL

Göhrle, C.et al. “Design and Vehicle Implementation of Preview Active Suspension Controllers”
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https://forces.embotech.com/Documentation/examples/low_level_suspension_control/index.html


• Full car model reduced to a 6th-order vehicle model by neglecting wheel dynamics

• The input contains active spring displacements (𝒖) and the measurements of the height profile of the upcoming 
road (𝝎) and its first derivative ( ሶ𝝎).

VEHICLE DYNAMICS

reduced car model
(neglected wheel dynamics)

Göhrle, C.et al. “Design and Vehicle Implementation of Preview Active Suspension Controllers”
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• Full car model reduced to a 6th-order vehicle model by neglecting wheel dynamics

• The input contains active spring displacements (𝒖) and the measurements of the height profile of the upcoming 
road (𝝎) and its first derivative ( ሶ𝝎).

VEHICLE DYNAMICS

reduced car model
(neglected wheel dynamics)

heave displacement
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• Full car model reduced to a 6th-order vehicle model by neglecting wheel dynamics

• The input contains active spring displacements (𝒖) and the measurements of the height profile of the upcoming 
road (𝝎) and its first derivative ( ሶ𝝎).

VEHICLE DYNAMICS

reduced car model
(neglected wheel dynamics)

heave displacement

pitch angle

Göhrle, C.et al. “Design and Vehicle Implementation of Preview Active Suspension Controllers”

ACC Workshop on Real time NMPC – From Fundamentals to Industrial Applications, June 7, 2022, Copyright (C) Embotech AG



• Full car model reduced to a 6th-order vehicle model by neglecting wheel dynamics

• The input contains active spring displacements (𝒖) and the measurements of the height profile of the upcoming 
road (𝝎) and its first derivative ( ሶ𝝎).

VEHICLE DYNAMICS

reduced car model
(neglected wheel dynamics)

heave displacement

pitch angle

roll angle
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• Full car model reduced to a 6th-order vehicle model by neglecting wheel dynamics

• The input contains active spring displacements (𝒖) and the measurements of the height profile of the upcoming 
road (𝝎) and its first derivative ( ሶ𝝎).

VEHICLE DYNAMICS

reduced car model
(neglected wheel dynamics)

heave displacement

pitch angle

roll angle

Göhrle, C.et al. “Design and Vehicle Implementation of Preview Active Suspension Controllers”

control inputs
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• Disturbance modeled as a speed bump of 1m length and 0.1m height hitting the right side of the car

• Vehicle assumed to be driving at a constant speed of 5m/s over a speed bump

• Road bump only hits the front right wheel, while the front left wheel is unaffected

• The same bump will hit the rear right wheel 1.12s after it hits the front wheel

DISTURBANCE MODEL: SPEED BUMP
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• Linear MPC problem with lower and upper bounds on inputs, and a terminal cost term

• Initial state 𝒙 and preview information 𝝎 and ሶ𝝎 change at each sampling instant

• Parametric additive terms 𝒈 containing preview information have to be defined at each stage

• ‘pren_w’ represents the name of the additive term 𝒈𝒏 at stage 𝒏 of the multistage problem

• During runtime, the preview information is mapped to these parameters

• The length of the preview horizon is set to be equal to the prediction horizon (𝑁 = 20)

PROBLEM TYPE & INFORMATION PREVIEW

𝑔
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MPC PROBLEM DATA

𝑔
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MULTISTAGE MPC FORM

𝑔
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SIMULATION
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• Active vehicle suspension substantially reduces vertical dynamics and improves riding comfort

• Lower maximum acceleration and less time is required to regulate the acceleration back to zero

PASSIVE VS ACTIVE VEHICLE SUSPENSION
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PASSIVE VS ACTIVE VEHICLE SUSPENSION

• The front right part of the vehicle body
lifts as soon as the bump is in sight of 
the preview sensor (at time 𝑡 = 0.3s)

• This is a full length of the preview horizon
(0.5s) before the front right wheel hits 
the bump at time 𝑡 = 0.8s

• Results in better absorption of the shock 
and therefore reduced acceleration
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