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Abstract

Vehicular speed control using standard cruise control is
good only when the road profile is uniformly smooth
throughout; such a controller is essentially reactive in the
sense that it responds after the speed has changed primarily
because of the changing road profile. When the road pro-
file is corrugated and has bumps, it is necessary to predict
this profile well in advance and determine appropriate con-
trol actions that enable the vehicle to run smoothly without
experiencing excessive vibrations. Prediction of the road
profile for manned vehicles is natural; however, unmanned
robotic vehicles do not have this capability. This paper
presents preliminary results in the development of a torque
control system for a robotic vehicle based on a predicted
road profile. The study vehicle is the Army Research Lab-
oratory’s Experimental Unmanned Vehicle (XUV), which
was modeled using MSC ADAMS software, and the control
system is a simple fuzzy logic controller that has prediction
capabilities in the same way that human operators do. The
results show that with the proper fuzzy model for predicting
the road profile, it is possible to control the drive torque such
that the vehicle runs smoothly.

1 Introduction

Motion smoothness and safety of any ground vehicle de-
pends on the nature of the road and the speed of the vehicle
itself. Structural considerations for ground vehicles make
it necessary to control smoothness of the ride even when
no human life involved. Speed plays a major role in deter-
mining the smoothness of the ride irrespective of the road
profile; excessive speed is always associated with undesir-
able structural effects, which manifest as roughness in the
motion of the vehicle. Because of these structural consid-
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erations, the speed of unmanned ground vehicles must be
properly controlled. There is a substantial amount of lit-
erature that discusses automatic cruise control (ACC) sys-
tems [1, 4] and their counterpart automatic braking systems
[2, 3]. These are advanced forms of the standard cruise con-
trol, which is good only when the road profile is uniformly
smooth throughout. The standard cruise controller is essen-
tially reactive in the sense that it responds after the speed
has changed primarily because of the changing road pro-
file. When the road profile is corrugated or has bumps, it
is necessary to predict this profile well in advance and take
appropriate control actions that reduce speed and enable the
vehicle to run over the bumps smoothly without experienc-
ing excessive vibrations. Prediction of the road profile for
manned vehicles is natural; however, unmanned robotic ve-
hicles do not have this capability.

This paper presents preliminary results in the development
of an intelligent torque controller that predicts the road pro-
file based on any previously known information along with
sensor measurements. More emphasis is put on the method-
ology for developing such a controller.

2 Bumping Vehicle Dynamics

In order to develop a sound control system for an au-
tonomoust vehicle, it is necessary that the vehicle dynam-
ics be well established. This research studied the dynamics
of the Experimental Unmanned Vehicle (XUV) developed
by Army Research Laboratory’s; a picture of this vehicle
is shown Figure 1. The bumping vehicle dynamics for the
XUV were established computationally. The XUV model
was developed in MSC ADAMS/car using a CAD model
of the vehicle shell. Mass and inertia properties were es-
timated from similarly sized vehicles. The suspension was
developed from the given wheel locations and chassis lo-
cating holes. We were not provided any details of the sus-
pension on the vehicle, so estimates of spring and damper
properties, etc., were made from similarly sized small car
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Figure 1. The Army Research Laboratory’s XUV

Figure 2. The Developed ADAMS/Car Model of the XUV

properties.Figure 2 shows the appearance of the developed
ADAMS/Car model of the XUV. Its has 4 wheel steering
with an adjustable rear steering rate. The tire model selected
is the ftire model. This tire model can capture the behavior
of impacts with solid objects such as curbs, etc. Road sur-
face models are simple triangulated surface representations
of the road and bump profiles.

The developed ADAMS/Car model of the XUV was sim-
ulated to run at different speeds across trapezoidal bumps
of different sizeshB as illustrated in Figure 3. Several pa-
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Figure 3. The Shape of Trapezoidal Bumps Studied for the
Bumping Dynamics

rameters of the body properties such as vertical displace-
ment, vertical velocity, pitch rate, pitch angle, etc., were
recorded. Figures 4 and 5 show the vertical displacement
of the vehicle at different vehicle speeds; Figure 4 show the
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Figure 4.The Vertical Displacement Response of the Vehicle at
Different Speeds for a Bump Size of 0.2m
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Figure 5.The Vertical Displacement Response of the Vehicle at
Different Speeds for a Bump Size of 0.25m

vertical displacement for the bump size of 0.2m and Fig-
ure 5 show the vertical displacement for the bump size of
0.25m. It is seen that for a given bump size, the vertical
displacement increases as the speed increases. As would
be expected, dangerous vertical displacements are reached
when speeds exceed certain values as illustrated in Figure
5 for the speed of 5m/s. In that case, the vehicle displays
erratic dynamics, which may be an indication of structural
failure or vehicle overturn. The values of the maximum ver-
tical displacements that the vehicle experiences at different
speeds for different bump sizes were collected. Figure 6
shows the variation of these displacements with speed for
three bump sizes as indicated in the figure. It is seen that
small bump sizes have less significant effects to the vertical
displacements of the vehicle; however, as the bump size in-
creases, the vertical displacement increases rapidly with the
speed of the vehicle.
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Figure 6. The Maximum Vertical Displacement at Different
Speeds and Bump Sizes

3 Torque Control Against Bumping Effects

This section discusses an approach followed in controlling a
robotic vehicle against bumping effects. It is divided in two
subsections; the first subsection gives a generic overview of
the torque control solution, the second subsection presents
the structure of the fuzzy controller that was developed to
implement this control solution.

3.1 The torque control solution
To control bumping effects, the controller needs information
about the current speedvR of the vehicle, the positionxB|R
of the bump relative to the vehicle, and the sizehB of the
bump. It is assumed that in additional to an onboard com-
puter with sufficient memory to store predetermined road in-
formation, the vehicle is also equipped with proper sensors
than enable it to determine the location and size of the bump
along the road and a speedometer. The control command is
the control torqueτB which is directly related to the accel-
eration and hence the speedv of the vehicle at the bump.
From basic vehicle dynamics it is known that the speed the
vehiclev at the time it crosses the bump depends on the cur-
rent speedvR, the applied torqueτB, and the distancexB|R
from the current position to the bump, i.e.,

v = f(vR, τB, xB|R). (1)

On the other hand, the vehicle speedv at the bump de-
pends on the sizehB of the bump itself. Currently, three
types of bumps have been identified. The first type includes
large bumps that require the speed to be decreased to the
lowest near-stop level after which and the torque has to be
applied when the bump is being crossed; the second type
includes bumps that require the vehicle speed to be below
certain amount and the bump can be crossed without ap-

plying torque, as in coasting. Third and the least signifi-
cant type includes small bumps that can be withstood by the
vehicle, however the vehicle motion across the bump need
to be controlled especially when the bump is crossed; typ-
ically the torque has to be such that vehicle coasts across
the bump. Since the torque control commandτB depends
on the required change in speed∆v and the distancexB|R
over which this speed change has to happen, then it can be
expressed as

τB = g(∆v, xB|R), (2)

where∆v = vR − v. This is explicitly dependent on the
current speedvR of the vehicle, the positionxB|R of the
bump relative to the vehicle, and the sizehB of the bump;
hence, it can be expressed as

τB = F (vR, xB|R, hB). (3)

Note that the torque can be positive, causing the vehicle
to accelerate, or negative for decelerating the vehicle. Al-
though advanced formulas for computing the braking torque
are available [3], this paper took a simpler approach. The
simplest way of computing the control torque is by assum-
ing that it is applied constantly throughout the distance over
which the speed change is desired; this assumption leads to

τB = κ(vR)
[
v(hB)2 − v2

R

xB|R

]
, (4)

whereκ(vR) is a positive factor that combines the effects of
friction and inertial resistance at the current speedvR, and
v(hB) is the speed that the vehicle must have in order to
safely cross the bump of sizehB. In that case it may seem
that the control task is that of the bumping speedv(hB)
and the factorκ(vR) provided all other parameters in equa-
tion (4). In practicexB|R, hB, andκ(vR) are not precisely
known, hence equation (4) cannot be directly used to deter-
mine the control torqueτB.

This paper implements this control solution by using fuzzy
logic. The unknown values ofxB|R, hB, andv(hB) are pre-
dictively estimated using map and sensor data. The control
torqueτB is determined using fuzzy rules of the form

IF (vR and xB|R and hB) THEN τB. (5)

The next subsection gives a brief description of the fuzzy
control system that was developed for this purpose.

3.2 The fuzzy logic controller
As shown in equation (5), the inputs to the fuzzy logic con-
troller were the current speed of the vehiclevR, position of
the bump relative to the current position of the vehiclexB|R
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and the estimated bump sizehB. Each of these inputs was
fuzzified into three fuzzy sets shown in Figure 7. These
fuzzy sets are normalized over the universe of discourse
[0,1]. Each input was normalized by a different factor cor-
responding to the maximum allowable value; the speed was
normalized by a factor of10 m/s, the bump distance was
normalized by a factor of100 m and the bump height was
normalized by a factor of0.4 m The three fuzzy sets are
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Figure 7. Normalized Fuzzy Sets for the Control Input

denoted asL for Low, M for Medium andH for High. Sin-
gleton values computed by using (4) where used to represent
outputs of the system for each input combinationvR, xB|R,
and hB. None singleton values of that form were devel-
oped in the range from−40 kNm to 40 kNm; there were
four singletons for the positive torque meant for increasing
the speed and four singletons for the negative torque. One
singleton was for zero torque. Initially these singleton val-
ues were developed heuristically; thereafter the values were
tuned gradually following the observed simulation results to
match with the vehicle dynamics. In general the tuning may
be seen as a way of satisfying equation (4) for under dif-
ferent conditions to represent different values ofκ(vR) and
v(hB).

4 Preliminary Results

Preliminary computer simulation results for an XUV model
are presented in this section. The XUV was simulated
in ADAMS/Car environment with ADAMS/Control along
with MATLAB’s Simulink. The control system was de-
signed and implemented in Simulink, while the model dy-
namics computations were carried out in ADAMS/Car. At
this time the results could not be compiled and included in
this paper because of time constraints, however they will be
presented in the oral presentation. The results are based on
a bump sizehB of 0.25m and vehicle initial speed of 5.5m/s

which is above the safe speed for this bump size as it was
shown in Section 2. In general, the controller was able to
reduce the speed to just below 2 m/s for the vehicle to safely
cross the bump. After crossing the bump, the speed was
again increased to 5m/s, in a similar way that a human be-
ing operates a vehicle

5 Conclusion

This paper has presented preliminary results that show the
use of a fuzzy logic controller to predictively control the
torque of an unmanned ground vehicle on a rough road
such that the bumping effects are reduced. The developed
fuzzy controller is based on data collected from simulation
of bumping dynamics of a vehicle for a range of speeds and
trapezoidal bump sizes. The desired vehicle to safely cross
a bump tends to decrease as the bump size increases. On the
other hand the torque required to propel the vehicle across
the bump increases as the bump increases. For that reason,
it was found that as the vehicle is the vehIt is acknowledged
that different shapes of bumps such as semicircular, oval,
triangular and rectangular need to studied and the way the
vehicle responds to them before a conclusive design can be
proposed. Although more work is still needed validate the
results presented in this paper and complete the task of con-
trolling an unmanned ground vehicle across bumps, these
results are have offered a promising research direction.

Disclaimer

The views and conclusions contained in this document are those
of the authors and should not be interpreted as representing the of-
ficial policies, either expressed or implied, of the Army Research
Laboratory or the U. S. Government.
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