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1. Driving Simulator - description  

Å offline simulation Ą software for vehicle dynamic 

Enhancing MPC MC algorithm using mF 

Å SIL Ą software in the loop (cosim) Ą controllers 

Å HIL Ą Hardware in the loop Ą test real components 

Å DS Ą Human in the loop Ą real drivers + virtual cars + 

components (virtual & real) 
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Å Human Ą Real Brain (Driver) & Real Body (Driver) Ą homo sapiens 

sapiens 

Enhancing MPC MC algorithm using mF 

Å Platform Ą Virtual Brain (Motion Cueing + Simulation) & Real Mechanical 

Body (Platform) Ą s.s.s. (not yet) 

Å HMI Ą Human Machine Interface ï> Visual + Acoustic + cockpit (pedals + 

ergonomics + é) + haptic layer (steering force fdb + active seat + é) 

1. Driving Simulator - description  
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Å movement as an INFORMATION and not as a disturbance 

Å good Motion Cueing 

 

Å no motion sickness Ą MS is a general sense 

of not feeling well, nausea, vomiting, 

headache, and sweating that occurs with 

movement. Motion sickness occurs when one 

part of the balance-sensing system (inner ear, 

joints and muscles or vision) may indicate that 

the body is moving, while the other parts do 

not sense motion 

 

Å Main target of a Dynamic Driving Simulator Ą movement & accelerations 

1. Driving Simulator - description  
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Enhancing MPC MC algorithm using mF 

Å movement as an INFORMATION and not as a disturbance 

good Motion Cueing 

 

Å activation of the driverôs 

automatic procedures 

(driving) Ą mental model 

(aligned to what is recorded 

in memory) 

 

Å not overload the working 

memory 

1. Driving Simulator - description  
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Enhancing MPC MC algorithm using mF 

Å DS Ą creation of a perception field Perception is a multi-sensory 

process 

- 

Spatial-temporal window of 

integration 

1. Driving Simulator - description  
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2. Motion Cueing - Description  

Å  To successfully employ driving simulators, it is necessary to accurately 

reproduce the userôs sensation of driving a real vehicle by associating 

generation of inertial cues with visual and audio cues (motion cueing) 

Enhancing MPC MC algorithm using mF 

Å  Quality of motion cueing algorithms heavily affects the performance of 

driving simulators 

Å  The aim of these control methods is to replicate as well as possible 

 the driverôs perception while keeping the platform within its boundaries 
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Å  Conventional techniques applied for computation of motion cues: 

washout filters (High pass filtering), tilt coordination (Low pass 

filtering). 

Enhancing MPC MC algorithm using mF 

Scheme of the Classical Motion Cueing algorithm 

Main drawbacks: 

Å No possibility of including constraints =) conservative design 

Å WFs often introduce accelerations ñinversionò 

2. Motion Cueing - Description  
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Å  We propose a different approach based on Model Predictive Control (MPC) 

techniques to control the platform motion. 

Å  MPC is an effective model based technique for solving multivariable 

constrained optimal control problems 

Enhancing MPC MC algorithm using mF 

MPC basic scheme 

2. Motion Cueing - Description  
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Which is the sensor used by a human to perceive accelerations and rotations? 

Enhancing MPC MC algorithm using mF 

The Vestibular system is composed by 

 

Å Semicircular channels: they 

are responsible for sensing 

rotations applied to the body;  

 

Å Otoliths: they detect linear 

motion 

2. Motion Cueing - Description  
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How is possible to translate matematically the vestibular system? 

Enhancing MPC MC algorithm using mF 

Accurate mathematical models of the two systems have been derived starting 

from the '70s for application to MC of flight simulators. 

Å Zacharias, in a survey written in the 1979, reported most of the results 

nowadays available. 

Å Telban and Cardullo in 2005 published a simplified transfer function model 

with estimates of the corresponding parameter values.  

Å  the transfer function that can best relate the sensed angular velocity to the 

acceleration stimulus in a MC control problem is the following: 

Å  the tranfer function that can best relate the sensed response to the specific 

acceleration stimulus is the following: 

2. Motion Cueing - Description  
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A cost function is minimized over a sequence of future input 

commands 

 

 

 
Parameters 

Å y are the perceived accelerations; 

Å r are the desired perceived accelerations; 

Å Qy ;Qu; Qx are the weights, M are the platform limits; 

Å x are the states; 

Å u are the reference for the platform control system. 

MPC strategy 

21 constraints at each time  

- MC Ą 100Hz (0.01s) 

- Pred Window Ą 30 steps (0.3s)  

Active set algorithm 

2. Motion Cueing - Description  
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Å  The reference signal in almost perfectly tracked within the platform limits 

Å  No ñinversionò can be perceived 

inversion 

2. Motion Cueing - Description  
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3. Optimization  

Enhancing MPC MC algorithm using mF 

19 Input variables  

Å 15 Weights (cost 

function) Ą 

tracking of 

perceived (acc, 

vel platform Ą 

transational and 

rotational)  

Å 4 Scaling factors 

(perceived 

datas)Ą (acc, vel)  

Perception:  

Å Translation Ą acceleration  

Å Rotational Ą velocity  

2 Objectives  

Å Min SF 

Å Max Working area  

23 Constraints  

Å 5 Errors in 

tracking  

Å 6 pos  

Å 6 vel  

Å 6 acc 

MC Solver Ą Matlab  

Max error on  

inversion (acc)  
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2 OPT Ą Comparison using different constraints (platform limits (pos, vel, acc))  

 

- car model Ą sport productive car  

- track Ą calabogie  

- virtual driver (perf std -dev = 0)  

- Laptime = 150s  

Big simulator Small simulator 

3. Optimization  


