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Abstract— The paper reports on an affordable platform for
indoor experimental veri�cation of algorithms for distributed
control of platoons of vehicles. The platform is based on
commercially available racing slot cars (by Carrera) equipped
with an on-board 32-bit microcontroller-based control system.
The assembled PCB board was provided by Freescale Semi-
conductor, Ro�znov pod Radho�st�em, Czech Republic, within
their Freescale Race Challenge 2012 competition of individual
autonomous slot cars organized for student teams in Czech and
Slovak republics. The documentation is freely available online.
Some extra components such as an infrared range sensor and a
wireless communication module have been added to the original
system. The capabilities and potentials of the proposed platform
are demonstrated on platooning experiments using two of the
most popular platoon control schemes: predecessor following
and leader following. Some technical parameters of the platform
as well as design experience are shared in the report. It is
hoped to encourage other teams to build a similar setup and
possibly expose their new distributed control algorithms to an
experimental competition.

I. INTRODUCTION

The objective of the work presented in this paper was to
build a cheap and friendly yet realistic platform for indoor
experimental veri�cation of advanced control and communi-
cation schemes in the domain of vehicular platooning.

The proposed platform is based on commercially avail-
able racing slotcars produced by Carrera and equipped by
the authors with a specialized control system based to a
large extent on the electronics provided kindly by Freescale
Semiconductor, Ro�znov pod Radho�st�em, Czech Republic.
They provided a fully assembled PCB board (see Fig.1)
within their Freescale Race Challenge 2012 competition
of individual autonomous slot cars organized for student
teams in Czech and Slovak republics. The web pagehttp:
//hw.cz/FRC2012 contains not only the race information
(unfortunately in Czech only) but also full documentation to
the control unit (including standard datasheets in English).
The same race has been organized in Romania too and their
web page (shortened address)http://goo.gl/WQkyP
reads English.

Some extra components such as an infrared range sensor
and a wireless communication module have been added to
the original system.
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The capabilities and potentials of the proposed platform
are demonstrated on platooning experiments using two of the
most popular platoon control schemes: predecessor following
and leader following. Some technical parameters of the
platform as well as design experience are shared in the
report. The motivation for writing this paper was to share
the experience with the chosen technology and encourage
other teams to go for the same experimenting and eventu-
ally organize some indoor vehicular platooning competition.
Real-size competitions in this domain have already been
organized, namelyGrand Cooperative Driving Challenge
(GCDC) (http://www.gcdc.net) organized by TNO
for the �rst time in May 2011 in the Netherlands.

The work presented in this paper offers yet another exper-
imentation platform in addition to the LEGO Mindstorms
NXT vehicular platoons reported by the authors in [1]. An
interested reader is also referred to that paper for some more
general background in control in vehicular platoons including
a richer list of references.

II. TECHNICAL DESCRIPTION

A. Carrera racing slot cars

The experimental platform is based on the the popular
commercially availableCarrera Evolution set. The sets in
this series feature the tracks scaled at 1:24 and offer the total
track length ranging from 4 m to 6 m, and two cars scaled at
1:32. The cost of the basic sets ranges between USD 150 and
200. Additional cars have been bought separately, each for
about USD 50. In total, 5 cars were available for the exper-
iments described in this report but platooning experiments
with 10 cars are under way at the time of writing this report.

The particular type of a vehicle isFord Capri RS Tuner 3
shown in Fig.2. Since the controller printed circuit board
(PCB) provided by Freescale Semiconductor (see below)
turned out not to �t into the interior of the chosen car
(the car dimensions are not readily available before buying),
the plastic corpus of the car had to be adjusted (cut). This
leaves the cars a bit ugly with holes on their sides. Certainly
different (larger) cars could be bought, but we wanted to use
the available cars already purchased. Alternatively, the layout
of the PCB board could also be modi�ed so that it �ts into the
chosen car, but with several assembled PCB boards available
for free from Freescale Semiconductor, it was decided to...
cut. When purchasing another type of a car, it may be useful
to consider the shape of the front fender for easy attachment
of the infrared proximity sensor.
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Fig. 7. Cascade structure of the feedback controllers: current, velocity, position/distance.

10
-2

10
0

10
2

10
4

-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

5

M
ag

ni
tu

de
 (

dB
)

 

 

Bode Diagram

Frequency  (Hz)

Current closed loop
Velocity closed loop
Distance closed loop

Fig. 8. Bode characteristics of the three complementary sensitivity
functions for the current, velocity and distance loops.

IV. CONTROL OF THE PLATOON

A. Model of dynamics of the platoon
One approach for modeling a platoon is the state-space
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wherexn andvn are the position and velocity of then-th
vehicle, respectively, and indexn = 0 denotes the platoon
leader. Another possibility is to use a joint Laplace andz-
transform, which is described in detail and accompanied by
references in [3]. The complex variablez represents a shift of
the vehicle index in the platoon. ThereforeLZ transforms 2-
D signalx(t, k) into x̂(s, z) and shifted (i.e. the next vehicle)
signal x(t, k + 1) into zx̂(s, z). Using this formalism, the
distance between vehicles is described as

d̂(s, z) = x̂(s, z)(z�1 − 1). (3)

Then, the transfer function from the vehicle velocity to the
distance between vehicles is

Gv (s, z) =
d̂(s, z)
v̂(s, z)

= Tvel
(z�1 − 1)

s
, (4)

whereTvel is the complementary sensitivity function for
the velocity loop. That is, transfer function from the reference
velocity to true (measured velocity).

B. Distributed control of the platoon

A regulation error for a distance controller uses the regu-
lation error de�ned as

e(t, k) = x(t, k) − xref. (5)

1) Predecessor following algorithm: ThePredecessor fol-
lowing algorithm regulates a distance to the previous vehicle.
The input to the distance controller is described (afterLZ
transform) as

ê(s, z) = d̂(s, z) − dref = x̂(s, z)(z�1 − 1)− dref , (6)

where dref represents the reference (desired) distances
between vehicles. Incorporation of this algorithm into a full
cascade structure is depicted in Fig.7.

2) Leader following algorithm: The Leader following
algorithm works similarly. The difference is that each vehicle
regulates its own distance to the platoon leader. Therefore
each vehicle requires information about its position in the
platoon as well as the distance to the leader of the platoon.
Distances to other previous vehicles do not affect an outcome
of the algorithm. However, the vehicles in the platoon have
to cooperate to deliver a measurement of a distance to the
leader to every vehicle. In particular, each vehicle (except
for the �rst one just behind the leader) repeats three steps:
� Receive information about the distance to the leader

from the predecessor.
� Increase this value by the measured distance to the

predecessor.
� Send this information to the next vehicle.
Since identical vehicles are used in the experiment, the

vehicle length is not taken into consideration. The input to
the distance controller is

e(s, z) = x̂(s, z)(z�n − 1)− ndref, (7)

where dref represents the reference distances between
vehicles andn is the index of the vehicle in the platoon
(e.g.n = 1 for the �rst vehicle behind the leader).

V. SIMULATIONS AND EXPERIMENTS

In the experiment described in this report, cars travel on
a circular track with a diameter of 80 cm (R1 in Carrera's
notation) built from the basicCarrera Evolution Set. The
motivation for building a purely circular track was to avoid
problems with varying diameters of turnings, which acts as
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