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Introduction

Vehicle models depending on their dynamics can be classified into 

three major categories that we will develop below:

• Dynamic Models

• Kinematic Models

• Point – Mass Models
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Introduction

• Dynamic Models

These models essentially describe the relationship that the vehicle has

with the road. The complexity of these models results from the non -

linearity of the relationships between the tires and the other parts of

the vehicle.
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Introduction

• Kinematic Models

These models consist a structure of equations that describe the

geometry of the vehicle, representing the behavior of the vehicle in

motion and during maneuvers.
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Introduction

Figure 1: Diagram of Dynamic and Kinematic Model for Autonomous 

Driving [TM15].
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Dynamic Models

•
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Dynamic Models

Figure 2: The Vehicle – Tire frame of a 

four wheel car. 
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Car – Body Dynamics

•

11



Car – Body Dynamics

Figure 4: Applied Forces in a car [POL18].
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Car – Body Dynamics
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Here we will describe the four-wheel vehicle model dynamics.

Compared to the dynamic bicycle model, the slope and road-bank

angle are defined, as well as the roll, pitch and vertical motions.

Figure 5: Four - Wheel Dynamic Model [POL18].



Car – Body Dynamics
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Figure 6: The Wheel Dynamics.
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Tire Dynamics

16

Figure 7: Dynamics of an understeer vehicle 

[MKT19].



Tire Dynamics
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Tire Dynamics
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Figure 8: The main concept of the tire dynamics.



Tire Dynamics

19

The first Equation refers to the Traction phase while the second

Equation refers to the Braking phase.

Figure 9: Forces on the Tire Dynamic Model 

[POL18].



Tire Dynamics
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Figure 10: Later slip angle on the Tire Dynamic Model 

[POL18].



Tire Dynamics
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The first Equation refers to the front wheels while the second

Equation refers to the rear wheels.

Figure 11: The Friction circle.



Tire Dynamics
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Finally, the combination of the f

principles of the car – body

dynamics with a tire model we get

a 10 Degrees of Freedom vehicle

model (10 DoF).

Figure 12: The proposed model vehicle model 

[POL18].
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Kinematic Models
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Kinematic Models
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Figure 13: Diagram of the four wheel Kinematic model 

[MWCZ19].
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Bicycle – Car Kinematic Model

27

Because the bicycle model is often mentioned in the literature,

efforts have been made to form the basis for the study and

development of corresponding car models.

In the picture below we see how a bicycle model can be adapted to

a kinematic vehicle model with four wheels.



Bicycle – Car Kinematic Model
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Figure 14: Bicycle model of a four wheel car [YEO20].
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Point – Mass Models
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Point – Mass Models
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Point – Mass Models

32

F
ig

u
re

 1
5
: 
T

h
e
 p

ro
p
o
s
e
d
 P

o
in

t 
-

M
a
s
s
 

m
o
d
e
l 
[P

O
L
1
8
].

As shown in Figure 15 the vehicle can move in many directions,

this idea makes the model week and poor in accuracy. If we want

to avoid pure lateral motion, we assume the following Equation.

where,
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Autonomous Vehicle Control

34

In order to execute the reference path or trajectory from the motion

planning system a feedback controller is used to select appropriate

actuator inputs to carry out the planned motion and correct tracking

errors.

The tracking errors generated during the execution of a planned

motion are due in part to the inaccuracies of the vehicle model.
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Model Predictive Control Law 
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Pure Pursuit Control Law 
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Pure Pursuit Control Law 
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The required steering angle is calculated from the following Equation:

Figure 16: The concept of the Pure Pursuit Law [DAGM16].
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Stanley Control Law 
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This Law was first introduced in Stanford University and won the DARPA 

Grand Challenge.

Figure 17: The Stanley Control Law 

[DAGM16].
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Modified Sliding Control Law 
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Kinematic Lateral Speed 

Control Law
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Kinematic Lateral Speed 

Control Law
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Kinematic Lateral Speed 

Control Law
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Figure 18: The Kinematic Lateral Control 

Law [DAGM16].
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Deep Autonomous Vehicle 

Control
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Deep Learning models contribute to perception and to the

processing of the sensory data in order to make informed decisions.

The popular deep learning models used in autonomous car

technology include:

• End – to end Learning CNN and Deep CNN

• Fully Convolutional Network Deep Boltzmann Machines

• Deep Reinforcement Learning Deep Autoencoders



Deep Autonomous Vehicle 

Control
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Figure 19: Block diagram of and AI powered Autonomous Car.



Deep Autonomous Vehicle 

Control
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The DNN takes as inputs the

information coming from Cameras,

LiDAR and IR Sensors.

The outputs are important

information for the control of the

autonomous system and concern

the Steering angle, Brake and

Acceleration. Figure 20: A simple autonomous car DNN [TPJR18].



Deep Autonomous Vehicle 

Control
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Figure 21: CNN architecture for Autonomous Driving Control 

[TPJR18]. 

Figure 22: Nvidia proposed CNN architecture for 

Deep Autonomous Control.



Deep Autonomous Vehicle 
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The unrolled version on the right of

Figure shows how the loop allows

a sequence of inputs (images) to

be fed to the RNN and the steering

angle is predicted based on all

those images. Specifically, the

output of each layer is fed to the

following layer and flow back to the

previous layer.

Figure 23: RNN architecture with loops for 

Autonomous Driving [TPJR18].



Bibliography
[AAS+20] Mohamed Esmail Abed, Hossam Hassan Ammar, Raafat Shalaby, et al. Steering control for

autonomous vehicles using pid control with gradient descent tuning and behavioral cloning. In 2020 2nd

Novel Intelligent and Leading Emerging Sciences Conference (NILES), pages 583–587. IEEE, 2020.

[Car16] Ashwin Mark Carvalho. Predictive Control under Uncertainty for Safe Autonomous Driving:

Integrating Data-Driven Forecasts with Control Design. PhD thesis, UC Berkeley, 2016.

[DAGM16] Salvador Dominguez, Alan Ali, Gaëtan Garcia, and Philippe Martinet. Comparison of lateral

controllers for autonomous vehicle: Experimental results. In 2016 IEEE 19th International Conference on

Intelligent Transportation Systems (ITSC), pages 1418–1423. IEEE, 2016.

[GCC+18] Hongyan Guo, Dongpu Cao, Hong Chen, Chen Lv, Huaji Wang, and Siqi Yang. Vehicle dynamic

state estimation: state of the art schemes and perspectives. IEEE/CAA Journal of Automatica Sinica,

5(2):418–431, 2018.

[GL21] Grischa Gottschalg and Stefan Leinen. Comparison and evaluation of integrity algorithms for vehicle

dynamic state estimation in different scenarios for an application in automated driving. Sensors, 21(4):1458,

2021.

[GTCM20] Sorin Grigorescu, Bogdan Trasnea, Tiberiu Cocias, and Gigel Macesanu. A survey of deep

learning techniques for autonomous driving. Journal of Field Robotics, 37(3):362–386, 2020.

54



Bibliography
[HZ18] Rasheed Hussain and Sherali Zeadally. Autonomous cars: Research results, issues, and future

challenges. IEEE Communications Surveys & Tutorials, 21(2):1275–1313, 2018.

[KPSB15] Jason Kong, Mark Pfeiffer, Georg Schildbach, and Francesco Borrelli. Kinematic and dynamic

vehicle models for autonomous driving control design. In 2015 IEEE Intelligent Vehicles Symposium (IV),

pages 1094–1099. IEEE, 2015.

[MKT+19] Hormoz Marzbani, Hamid Khayyam, Ching Nok To, Ðai Võ Quoc, and Reza N Jazar. Autonomous

vehicles: Autodriver algorithm and vehicle dynamics. IEEE Transactions on Vehicular Technology,

68(4):3201–3211, 2019.

[MWCZ19] Haigen Min, XiaWu, Chaoyi Cheng, and Xiangmo Zhao. Kinematic and dynamic vehicle model-

assisted global positioning method for autonomous vehicles with low-cost gps/camera/in-vehicle sensors.

Sensors, 19(24):5430, 2019.

[PCˇY+16] Brian Paden, Michal Cˇ áp, Sze Zheng Yong, Dmitry Yershov, and Emilio Frazzoli. A survey of

motion planning and control techniques for self-driving urban vehicles. IEEE Transactions on intelligent

vehicles, 1(1):33–55, 2016.

[POL18] Philip Polack. Consistency and stability of hierarchical planning and control systems for autonomous

driving. PhD thesis, PSL Research University, 2018.

55



Bibliography
[TM15] Vo-Duy Thanh and C Ta Minh. A universal dynamic and kinematic model of vehicles. In 2015 IEEE

Vehicle Power and Propulsion Conference (VPPC), pages 1–6. IEEE, 2015.

[TPJR18] Yuchi Tian, Kexin Pei, Suman Jana, and Baishakhi Ray. Deeptest: Automated testing of deep-

neural-network-driven autonomous cars. In Proceedings of the 40th international conference on software

engineering, pages 303–314, 2018.

[WSBL19] Alexander Wischnewski, Tim Stahl, Johannes Betz, and Boris Lohmann. Vehicle dynamics state

estimation and localization for high performance race cars. IFAC-PapersOnLine, 52(8):154–161, 2019.

[YEO20] Kiwon Yeom. Kinematic and dynamic controller design for autonomous driving of car-like mobile

robot. International Journal of Mechanical Engineering and Robotics Research, 9(7), 2020.

56



Q & A

Thank you very much for your attention!

More material in 

http://icarus.csd.auth.gr/cvml-web-lecture-series/ 

Contact: Prof. I. Pitas

pitas@csd.auth.gr
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