
21/3/19

1

PLANNING AND CONTROL
OF AUTONOMOUS VEHICLES

Prof. Vicenç Puig

Advanced Control Systems Group 

Universitat Politècnica de Catalunya (UPC)

INTRODUCTION



21/3/19

2

3

Autonomous Vehicle

Automation Levels
Introduction
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Future Evolution
Introduction
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Autonomous Vehicle

Smart Vehicles
Introduction
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Autonomous Vehicle

Main Modules in Autonomous Vehicle
Introduction
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Autonomous Vehicle

Control of Autonomous Vehicle
Introduction
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Control of Autonomous Vehicle
Introduction
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ELEKTRA PROJECT
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Autonomous Vehicle

Elektra Autonomous Vehicle
CVC,	UAB and	UPC	project
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Autonomous Vehicle

Elektra

Computer Architecture
High	performance	computing	

on	GPU

Computer Vision
RNN	&	Machine	Learning

Control
Stability	and	Robustness

Localization
Vision-GPS-Encoders	

algorithm
Obstacle	avoidance

Local and Global 
Planning

Elektra Autnomous Vehicle
Development	groups
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Autonomous Vehicle

Global 
Planner

Waypoint 
position 
decision

Sensors
(Cameras, GPS, 
IMU, Encoders)

Perception

Self
Localization

Motion 
Control

Local 
Planner

Collision 
Avoidance

Obstacle 
detection

Elecktra Autonomous Vehicle
System	architecture
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Autonomous Vehicle

Development Tools
Flow

Matlab / Simulink
Known	and	powerful	tool

Unity 5.1.3
3D	simulator

C#

Microsoft
Visual Studio

Programming	environment
C++

ROS
Real	vehicle	tool

C++

VEHICLE MODEL
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Autonomous Vehicle

Kinematic and Dynamic Model
Vehicle	Model

Kinematic model

Dynamic model
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Autonomous Vehicle

• - Linear Parameter Varying (LPV) systems are linear systems whose
state-space matrices are functions of some parameter vector θ(τ):

• - The LPV system is said to be polytopic if:

LPV models
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Autonomous Vehicle

LPV Kinematic and Dynamic Model
Vehicle	Model

Kinematic model

Dynamic model
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Autonomous Vehicle

Problems to be solved
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MODEL PREDICTIVE OPTIMAL 
PLANNING 
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Autonomous Vehicle

Trajectory Planning using MPC
Planning
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Autonomous Vehicle

Trajectory Planner for Racing
Algorithm

PLANNING 
RESULTS
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Autonomous Vehicle

Trajectory Planner in Simulation
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Autonomous Vehicle

Trajectory Planner in Simulation
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Autonomous Vehicle

Trajectory Planner in a Real Scenario

LPV CONTROL
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Autonomous Vehicle

Automatic Control Scheme
LPV Control
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Autonomous Vehicle

Automatic Control
LPV Control
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Open-loop system

Control law

Closed-loop system
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Autonomous Vehicle

Automatic Control
LPV Observer
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Autonomous Vehicle

Automatic Control
LPV Control
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Autonomous Vehicle

Results
…

CONTROL
RESULTS
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Elektra autonomous vehicle

Unity scenario Real scenario

Matlab scenario

Results
Scenarios
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Elektra autonomous vehicle

Experimental Results
Real	vehicle	diagram
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Elektra autonomous vehicle

Experimental Results
First	tests
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Elektra autonomous vehicle

Experimental Results
Real	test
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Elektra autonomous vehicle

Experimental Results
Real	test
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Elektra autonomous vehicle

Experimental Results
Real	test
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FUTURE PATHS
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Autonomous Vehicle

Integration with Learning
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Autonomous Vehicle

Application to a real car

42

Autonomous Vehicle

Driverless Competition
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Autonomous Vehicle

SEAT Autonomous Driving Challenge
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Autonomous Vehicle

CARLA Autonomous Driving Challenge
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Autonomous Vehicle


