
1. Introduction

Nowadays, car manufacturers strive to get more custo-
mers with more and more built-in comfort services. These
services help the driver, so the driver needs to exert less
effort to drive. Occasionally, it could be hard to choose
or maintain the appropriate speed. For example, a long
trip on the motorway, when one has to maintain con-
stant speed over several hours, can be exhausting. A
cruise control system can assist the driver in this task.
These kinds of ever improving cruise control systems
are on the market for several decades from nearly every
car manufacturer.

However, these cruise control systems are not able
to adapt to the fluctuations of the traffic, they are only
able to maintain a set speed, until the driver turns off
the system. If the state of the traffic changes, for exam-
ple an accident causes congestion on a motorway and
cars have to decelerate then the regular cruise control
systems cannot offer assistance to the driver.

Adaptive cruise controls (ACC) systems started to
spread recently. The ACC systems use some kind of
sensors to monitor the road segment in front of the car,
and warn the driver in case of an obstacle on the road.
Due to the integration of the built-in sensors and actu-
ators, it is possible to intervene into the brake system
of the car, and slow it, so the driver has time to react to
the situation. The drawback of the ACC systems is that
they can function properly only under nearly optimal
conditions. ACC systems can not provide sufficient in-
formation for the driver in case of bad weather, or in a
road curve where the front sensor is not able to moni-
tor a long enough segment of the road.

In this paper we provide a solution to the described
problems, by exploiting the possibility that wireless com-

munication can be established among the vehicles [1],
and accurate information can be provided for the speed
regulation. The advantage of the wireless communica-
tion is that direct line of sight is not needed, so it re-
mains operable in curves, furthermore, the range of the
wireless communication is around 300 meters, nearly
the double of the range of the radars used in ACC sys-
tems [2].

Another possible application could be in urban traf-
fic. On an urban road it is not common that a certain
velocity can be maintained for an extended period of
time. Under these conditions the traditional cruise con-
trol systems can not be used, because it can not adapt
to a changing environment. With the system presented
in this paper, it is possible to set the vehicle speed ac-
cording to the preceeding vehicle. When the preceed-
ing vehicle decelerates then the following vehicle will
slow down, and if it accelerates then the following car
will adapt its speed to that as well. The driver using our
system does not have to deal with the actual accelera-
tions or decelerations; the embedded computer han-
dles the calculations.

2. The algorithm

The cruise control algorithm chooses a target to follow
from the vehicles in front of the car. The aim of the al-
gorithm is to regulate the velocity of the vehicle, so the
following distance between the target and the follower
vehicle is in accordance with the current speed of the
vehicles, maintaining a safe following distance. A mi-
nimal speed threshold of 20 kph is built into the algo-
rithm. If the velocity of the vehicle is lower than this
threshold then the speed regulation is turned off. This
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Nowadays, nearly all car manufacturers can build a cruise control system (tempomat) in their cars if the customer demands.

Usually, these systems can maintain a certain speed, set by the driver of the vehicle. The tempomat system can be extend-

ed with a distance measurement sensor in some top-end luxury cars, to measure the distance of objects in front of the car

(this can be another car or some kind of obstacle). By using these systems, a certain following distance can be set, and the

tempomat tries to maintain it by using small amounts of acceleration or breaking according to the data provided by the sen-

sor. These adaptive cruise control systems are expensive, and the detection range and field of view of the sensors are limi-

ted. In this paper, we present an adaptive cruise control system, which sets the speed of the vehicle according to messages

distributed over an ad-hoc wireless network. The wireless communication eliminates the problems caused by bad visibility

or being out of line of sight. The distributed messages contain the exact position, speed and direction of the sender vehicle.

The described algorithm determines also the vehicle to be followed, when the driver turns on the tempomat.



threshold was set due to the fact that at so low speeds
the safe following distance is commensurable to the
error of the GPS position.

The algorithm uses the data received through radio
communication and the GPS information gathered by
its own GPS receiver to calculate the current speed to
be set.

Stored values for position information are as follows:
Lon: longitudinal coordinate in radians 

up to 8 decimal places 
(accuracy to approximately 6 centimeters).

Lat: latitudinal coordinate in radians 
up to 8 decimal places 
(accuracy to approximately 6 centimeters).

Vel: length of the velocity vector 
in kilometer per hours.

Hdg: direction of the velocity vector 
up to 2 decimal places.

Svs: nr. of tracked space vehicles (GPS satellites)
by the GPS receiver.

Tof: timestamp of the GPS information.

The following information is also included in a mes-
sage used by the algorithm:

Original sender ID:
The identification number of the originating unit 
of the message.

Sender ID: 
The identification number of the unit, 
which retransmitted the message most recently.

TTL (Time To Live):
This sets how many times a message can be
retransmitted. Our cruise control algorithm 
currently sets this value to 1, so the messages
are propagated to a distance of one hop.

The algorithm calculates the distance between the
vehicles by using the position information contained in
the messages. A Kalman filter [3] was used to refine
this distance calculation.

The sender ID and the original sender ID has to be
checked in the received packet, if either one is equal to
the ID of the own ID, the message is dropped.

The next step is to compare the heading contained
in the packet to the vehicles own heading. If the differ-
ence is lower than a set threshold, the algorithm figures
the two cars are heading the same way. This threshold
is variable, currently set to 20 degrees.

If the headings match, it has to be decided whether
the sender of the message is ahead of the own vehicle.
This is a similar calculation like where the headings were
compared. The own position vector is subtracted from
the position vector in the message, and the difference
vector is compared to the heading vector. If the differ-
ence between these two vectors is less than 90 deg-
rees, the sender of the message is in front of us.

If these conditions are not met, then the sender of
the packet is either behind us or is headed to another
direction, and it cannot be followed. In this case the al-
gorithm drops the packet.

If the sender has the same heading as our vehicle
and is in front of it, it can be followed. In this case the
state machine described in the following section proces-
ses the message further.

2.1. The state machine
The adaptive cruise control algorithm makes deci-

sions according to the following stored variables:
– ID of the target (followed) vehicle.
– Distance to the target vehicle.
– Distance to the target vehicle in the moment

when speed synchronization begins. 
– Velocity of the target vehicle.
– Velocity of the target vehicle the moment 

when speed synchronization begins.
– Timestamp of the most recent message received

from the target.
The algorithm works according to a state machine as

shown in Fig. 1.

Fig. 1.  State machine

2.1.1. Seek phase
When turned on, the algorithm is in this phase and

waits for messages from other vehicles. It is decided
here whether the actual following is possible, if the con-
straints described in the previous section are satisfied.

First the distance to the sender of the message is
calculated by the Haversine formula [4], which returns
the shortest distance between two points on a sphere.
This calculation is done according to the GPS positions
contained in the message and in the own receiver.

If the algorithm already has a target, it has to be de-
cided whether the target sent the message or another
car which is closer than the target.

If the message was sent by the target then the time-
stamp of the message and the distance is stored, and
a counter is increased by one. This counter shows how
many messages have been received from the same
target. 

If the message was not from the current target, but
the calculated distance is shorter than the target’s dis-
tance, then the originator of the message becomes the
new target. The distance and the timestamp is stored
in this case as well, and the counter is set to zero (tran-
sition 1 on Fig. 1).

If the algorithm didn’t have a target, the calculated
distance, the ID of the sender of the message and the

INFOCOMMUNICATIONS JOURNAL

12 VOLUME LXIV. • 2009/1



timestamp of the message are stored. A counter is start-
ed from zero. This shows the consecutive messages re-
ceived from the same target.

There are some thresholds in the algorithm, and ex-
ceeding these thresholds resets the state machine to
the seek phase. This happens if the target vehicle’s
speed is lower than 20 km per hour or if no message is
received from the target for five seconds. The counter
is also set to zero. The stored target is unchanged, be-
cause it is still the closest vehicle in front of the own ve-
hicle.

The following available phase is reached, if three con-
secutive messages have been received from the same
target, while it remains the closest vehicle in front (tran-
sition 2 on Fig. 1). This threshold of three messages is
a needed delay to ensure, that the chosen target is in
a stable enough position to be followed. For example on
a motorway when the following is engaged and some-
one overtakes both our vehicle and our target. When the
overtaking vehicle is between us, the algorithm would
decide, that it is the new target, because it is closer than
the current target. At this time the algorithm would start
to increase our speed to match the new target’s speed.
This would cause our vehicle to crash into the one in
front of it, which was the real target vehicle.

2.1.2. Following available phase
In this phase there is a vehicle in front of our vehi-

cle in a stable position and it’s possible to follow it. The
distance between the two vehicles is refreshed by every
message received by the algorithm.

Transition 3 on Fig. 1 happens, if the target is chan-
ged. This could happen for example when someone
overtakes us, or the current target overtakes another
vehicle. The same thresholds are applied as in the seek
phase. If the speed of the target is lower than 20 km
per hour or 5 seconds passed without receiving a mes-
sage from the target resets the state machine. This time
the driver is able to reset the algorithm by pressing the
corresponding button on the control panel.

2.1.3. Following phase
The algorithm enters this phase if the driver presses

the engage button on the control panel (transition 4 on
Fig. 1).

The algorithm resets in this phase as well, if the pre-
viously mentioned conditions are met, or when the dri-
ver turns off the following (transition 5 on Fig. 1).

Upon entering this phase the speed and distance
of the target is stored. These values will be used in the
calculation of the actual desired distance:

(1)

with the following notations:
dd: desired distance
v: current velocity of the target
v0: velocity of the target 

when the following was engaged

d0: distance of the target 
when the following was engaged

l: changeable parameter, the minimal distance 
to be kept between the GPS receivers

The distance values are the result of the Kalman fil-
ter, because the unfiltered distance values vary greatly
since the position measurements do not happen in the
same time. The GPS receiver used in our hardware has
an update frequency of 1 Hertz, so under certain circum-
stances, for example at a speed of 50 km per hour, the
difference between the GPS position and the actual
position can be 13.8 meters.

The extension of the distance by the parameter l is
needed, because the distance calculation gets the dis-
tance between the GPS receivers, not between the front
and rear bumpers of the vehicles. This parameter can
be set for various types of vehicles. It is currently set to
4 meters for passenger cars, but it could be set to for
example 10 meters for trucks. 

When the following starts, a line is defined accord-
ing to the velocity and distance values at that time.
When the speed of the target vehicle changes, the cor-
responding following distance can be calculated along
this line (Fig. 2).

Fig. 2.  Following distance calculations

The following speed has to be set to reach the de-
sired distance:

(2)

with following notations:
vd: desired velocity to reach the desired distance,
d: current distance to the target,
dd: desired distance,
v: current velocity of the target.

A hysteresis was built into the algorithm in order to
avoid continuous intervention to the engine or brake
systems. If the difference of the current distance and
the desired distance is below 5 percent of the desired
distance (dd), the desired velocity (vd) is set to the speed
of the target.

Ad-hoc adaptive cruise control algorithm
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The transition on the velocity-distance graph can be
seen on Fig. 3. If the speed of the target changes, the
corresponding following distance can be acquired ac-
cording to (1). Using these values knowing the current
speed, the velocity can be calculated to converge to
the desired distance.

Fig. 3.  Speed regulation

For example, as shown in Fig. 3, the target main-
tains a stable speed, and the following distance is set
to a certain value (d) calculated by the algorithm. Both
of the cars are traveling at the same velocity (vd). If the
speed of the target vehicle changes to v, a new desir-
ed distance (dd) has to be reached. The distance be-
tween the vehicles will increase, because the target is
moving faster than the other car. The algorithm will in-
crease the velocity of the following car, as the distance
converges to the desired distance, according to (2).

The acceleration has to be computed to adjust the
engine control or the brake system properly. The calcu-
lation of the desired acceleration is as follows:

(3)

with the following notations:
ad: desired acceleration,
vd: desired velocity,
vs: current velocity of the own car,
T: free parameter to control the reaction time 

of the algorithm.

The maximal acceleration is 5 m/s2 and the maximal
deceleration is 9 m/s2. These are the acceleration val-
ues of a typical passenger car.

To limit the number of repetitions, the acceleration is
only computed if either of the following conditions is met:

• The distance of the target differs 
from the desired distance by more than 1 percent.

• The velocity of the target differs 
from the desired velocity by more than 5 percent.

• The difference between the speed of the target
and the desired speed is greater than the difference
between the desired speed and the own speed.

As a conclusion, the aim of the speed regulation is
to reach the appropriate following distance. The en-
gine is controlled according to the difference between
the current speed and the desired speed (3).

3. Simulation results

The testing of the algorithm was done on a simulator,
described in [5] and [7]. At a later stage it was tested
in real environment, embedded in vehicles.

Three cars were examined following each other in
the simulator. The velocity of the first car was set to cer-
tain values. It started at 50 km per hour, at the third of
the simulation time it was increased to 70 km per hour,
and at two thirds of the simulation time it was decreas-
ed to 30 km per hour. The velocities of the following two
cars were regulated by the algorithm. The messages
containing the position information were broadcasted
every tenth of a second to allow precise adjustments.

In the simulations a following distance of two sec-
onds was set between the vehicles, because this is the
minimal safe following distance. The results of this simu-
lation can be seen in Fig. 4. 

Fig. 4.  Velocit ies of the vehicles

The vehicles accelerate to 50 km per hour at the
start of the simulation, where the ACC algorithm is en-
gaged.

It can be seen that the second and third cars reach
their target’s velocity with a little oscillation. It is also no-
ticeable, that the acceleration of the following cars dif-
fers from their target’s acceleration. This is due to the
mechanism of the algorithm as it adapts the following
distance to the changed velocity. In case of accelera-
tion the following car drops behind a bit, and in case of
deceleration it catches up on its target.

The distance between the cars was registered in the
course of the simulation. The desired velocity calculat-
ed by the algorithm is based on this value. The various
distance values between the first and second car can
be seen on Fig. 5.

INFOCOMMUNICATIONS JOURNAL

14 VOLUME LXIV. • 2009/1



Fig. 5.  
Distance values between the 1st and 2nd vehicles

The algorithm was turned on at the 10th second of
the simulation; the registration of the distance values
was started at that point. The unprocessed distance
value is shown by the narrow dark line. Though the po-
sition information is updated at a frequency of 10 Hz,
this distance value is noisy due to the time difference
of the position measurements and GPS error. Kalman
filtering was used to eliminate most of the noise. The fil-
tered distance values are shown by the bright line. The
dark line shows the desired distance, which is calculat-
ed by the algorithm according to the actual speed of
the target and the values stored at the start of the fol-
lowing phase. The algorithm tries to minimize the dif-
ference between the bright and the dark line by adjust-
ing the velocity of the following vehicle. It can be seen,
that after the transient caused by the acceleration or
deceleration of the target, the distance between the cars
settles at the desired distance.

The second and the third vehicle’s acceleration val-
ues can be seen on Fig. 6. 

The acceleration and deceleration periods can be
examined on the graph, and it can be seen, that the thres-
hold was never exceeded, where the algorithm would
limit the acceleration value. The speed regulation algo-
rithm would not cause uncomfortable acceleration or de-
celeration, as the maximal acceleration was around 2 m/s2

and the maximal deceleration was 1.5 m/s2. The notice-
able acceleration spikes would be limited by the inertia
of a real vehicle.

4. Field tests

The algorithm was tested under realistic circumstances.
It was downloaded into two control units described in
[8]. The control units were integrated into a passenger
car and a truck, and the control unit in the truck was

connected to the CAN bus, so
the algorithm could operate the
brakes and intervene to the en-
gine control.

It can be noticed, that the
speed regulation is not as pre-
cise as in the simulations for two
reasons. The first is that the
Kalman filtering was not imple-
mented at the time of the test,
the second is that the used
GPS receivers had an update
frequency of 1 Hertz, which is
the tenth of the assumed fre-
quency in the simulations.

The data of one of the test
runs can be seen in Fig. 7.

Ad-hoc adaptive cruise control algorithm
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Fig. 6.  Accelerat ion values

Fig. 7.  
Field test results



The time on the horizontal axis is in minute units. On
the top graph the velocities of the two cars can be exa-
mined. The darker line shows the following truck, the
brighter line shows its target. The center graph shows
the control value handed on to the CAN bus controller
by the algorithm. This value is proportional to the acce-
leration, the exact coefficients for acceleration and de-
celeration had to be adjusted to the vehicle.

The bottom graph shows the status of the state ma-
chine. This value was 1 when the algorithm was in follow-
ing phase, and the value was 0 otherwise. When the
algorithm was engaged the truck adjusted its speed to
the speed of its target with a little delay. This delay was
caused by the infrequent position update messages.

The noise in the control value is due to the error of the
distance calculation, as described in the previous sec-
tion. This noise could be eliminated by using the same
Kalman filtering as in the simulations.

This measurement noise and the one second delay
between position update messages caused the speed
regulation to not be as precise as in the simulations.

5. Conclusions

We presented an algorithm that is able (1) to match the
velocity of the vehicle to a followed vehicle by utilizing
wireless communication, (2) to adapt to the changes in
the velocity of the followed vehicle while (3) maintaining
a safe following distance.

The proposed cruise control system can be used if the
vehicles have the necessary devices for communication,
position determination and calculations. Therefore, it
could be introduced in truck convoys of transportation
companies where only the driver of the first vehicle
needs to pay increased attention; the following drivers
could let the algorithm to follow the preceding vehicle.
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