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Abstract: This paper presents a novel technique for identifying soil parameters for a wheeled vehicle traversing unknown

terrain. The identified soil parameters are required for predicting vehicle drawbar pull and wheel drive torque, which in turn

can be used for traversability prediction, traction control, and performance optimization of a wheeled vehicle on unknown

terrain. The proposed technique is based on the Newton Raphson method. An approximated form of a wheel-soil interaction

model based on Composite Simpson’s Rule is employed for this purpose. The key soil parameters to be identified are internal

friction angle, shear deformation modulus, and lumped pressure-sinkage coefficient. The fourth parameter, cohesion, is not

too relevant to vehicle drawbar pull, and is assigned an average value during the identification process. Identified parameters

are compared with known values, and shown to be in agreement. The identification method is relatively fast and robust.

The identified soil parameters can effectively be used to predict drawbar pull and wheel drive torque with good accuracy.

The use of identified soil parameters to design a traversability criterion for wheeled vehicles traversing unknown terrain is

presented.
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1 Introduction

Wheeled vehicles traversing rough unknown terrain
have many potential applications, including defence,
mining, space exploration, and even private personal
use. Most wheeled vehicles are still directly controlled
by a driver to carry out tasks. However, without the
knowledge of terrain characteristics a driver may find it
difficult to control a vehicle effectively, and can unpre-
dictably fail to complete a desired mission. An exam-
ple of task failure is a wheeled vehicle stuck spinning
in sandy terrain.

From wheel-terrain interaction dynamics, it can be
seen that soil parameters play a vital role in deter-
mining vehicle drawbar pull and wheel drive torque,
which in turn are utilized for developing traversabil-
ity prediction criteria and traction control algorithms.
The knowledge of soil parameters of unknown terrain is
then advantageous for improving vehicle performance.

Research on wheel-terrain and track-terrain interac-
tions, has developed since Bekker[1,2] started pioneering
this area. The preliminary model for soil-wheel interac-
tion was created and improved based on experimental
data[1,2]. Wong, Reece, and Anafeko investigated and
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analysed the soil-wheel stress and deformation patterns
of sand-like soils beneath a rigid wheel[3∼5]. In [6], a
slip-based traction model was developed theoretically,
and used to establish an effective control law for a rover
travelling on rough terrain. The rover’s traversability
could be improved by controlling wheel slip. Iagnemma
and Dubowsky focused on the characteristics of a rigid
wheel in deformable terrain for planetary rovers[7∼9].
In [8], a vibration-based technique was employed as a
terrain classification method. In [10], soil parameter
identification for a tracked vehicle traversing unknown
terrain was presented.

Soil parameter estimation for a wheeled vehicle
traversing deformable terrain was carried out by Iag-
nemma and Dubowsky[7]. A Linear Least Square esti-
mator was employed as an on-line identification method
to identify two key soil parameters, cohesion (c) and in-
ternal friction angle (φ), using on-board rover sensors.
The shear deformation modulus (K) was set to a repre-
sentative value due to its insensitivity to the estimation
algorithm.

This paper presents a method for identifying soil
parameters required for predicting vehicle drawbar pull
and wheel drive torque while traversing unknown ter-
rain. The soil parameters to be identified are internal
friction angle φ, shear deformation modulus K, and
lumped pressure-sinkage coefficient (kc/b + kφ). The
fourth parameter cohesion is not sensitive to drawbar
pull, and is set to an average value. It is also shown
that kc and kφ cannot be identified separately, but can
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be identified as a single lumped parameter (kc/b+ kφ).

Composite Simpson’s Rule is used to approximate
the integrals of the original interaction model, as
they cannot be integrated analytically. Through this
process, the speed of identification is increased, as the
identification algorithm does not have to execute nu-
merical integration for each computational cycle. The
Newton Raphson method is applied to a modified non-
linear wheel-terrain interaction model for soil parame-
ter identification. This method has been shown to iden-
tify unknown parameters with high accuracy and rapid
convergence[10,11].

Identification results show that the Newton Raph-
son method can accurately identify soil parameters
with relatively fast speed. It is also shown to be ro-
bust to measurement noise and initial conditions. The
drawbar pull and wheel drive torque predicted from
the identified soil parameters, are shown to be rela-
tively close to measured data, and can be used for ve-
hicle performance optimization, traversability predic-
tion, traction control, and trajectory planning. Ex-
tended from [12], this paper introduces a traversability
criterion design based on the use of identified soil para-
meters. Wheel immobility occurs when the wheel drive
torque required to traverse a terrain exceeds the torque
generated by a wheel. This situation can be used to de-
sign a traversability criterion for traversability predic-
tion. This is one of the steps towards the automation
of a wheeled vehicle traversing unknown terrain.

2 Analytical model

Fig. 1 shows a free body diagram of a rigid wheel
travelling on deformable terrain. An analytical model
of a wheeled vehicle interacting with an unknown de-
formable terrain is described based on this figure.

Fig. 1 Free body diagram of a rigid wheel on deformable

terrain[7]

2.1 Force and moment balance

For simplicity, the wheel is assumed to be rigid.
From Fig. 1, given a constant vehicle forward velocity,
the interaction model for a rigid wheel traversing de-
formable terrain is obtained by considering the force
and moment balance[7]:

W = rb

[

∫ θ1

θ2

σ(θ) cos(θ)dθ +

∫ θ1

θ2

τ(θ) sin(θ)dθ

]

(1)

DP =rb

[

∫ θ1

θ2

τ(θ) cos(θ)dθ−

∫ θ1

θ2

σ(θ) sin(θ)dθ

]

(2)

T = r2b

∫ θ1

θ2

τ(θ)dθ (3)

where W is vertical load applied to the wheel, DP is
drawbar pull applied to the wheel from a suspension
system, T is wheel drive torque produced by an actua-
tor, θ is the arbitrary angular location of wheel-terrain
contact measured from a vertical axis, θ1 is the angle
at which the wheel first makes contact with the ter-
rain, and θ2 is the angle at which the wheel loses con-
tact with the terrain. σ is radial stress normal to the
wheel-terrain contact, τ is shear stress tangent to the
wheel-terrain contact, r is wheel radius, b wheel tread,
ω angular velocity of the wheel, V forward velocity of
the wheel, z sinkage of the wheel under the terrain sur-
face, θm the angle at which maximum stress occurs, σ1

the radial stress profile between θ1 and θm, and σ2 the
radial stress profile between θm and θ2.

2.2 Radial stress distribution

The radial stress at an arbitrary wheel-terrain con-
tact point can be expressed as[7]

σ(z) =

(

kc

b
+ kφ

)

(z)n (4)

where kc, kφ, and n, are pressure-sinkage coefficients.
In order to obtain an expression for radial stress as

a function of angular location θ, sinkage expression as
a function of θ is used[7]:

z(θ) = r(cos θ − cos θ1). (5)

It is shown from experimental evidence[4] that ac-
tual radial stress can be characterised by two symmet-
ric profiles (σ1 and σ2), as shown in Fig. 1. Therefore,
radial stress under a rigid wheel traversing deformable
terrain is given by:

σ(θ) =

{

σ1(θ), θm < θ < θ1

σ2(θ), θ2 < θ < θm
(6)

where

σ1(θ) =

(

kc

b
+ kφ

)

[r(cos θ − cos θ1)]
n (7)
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and

σ2(θ) =

(

kc

b
+ kφ

)

{

r
[

cos
(

θ1−

(θ − θ2)

(θm − θ2)
(θ1 − θm)

)

− cos θ1

]}n

. (8)

The location of the point of maximum radial stress
is at

θm =
θ1 + θ2

2
. (9)

2.3 Tangential stress distribution

Shear stress at an arbitrary wheel-terrain contact
point is given by[5]

τ(θ)=[c+σ(θ) tan φ]
(

1−e−
r

K
[(θ1−θ)−(1−i)(sin θ1−sin θ)]

)

(10)
where c is cohesion, φ the internal friction angle, and
K the shear deformation modulus.

2.4 Model for soil parameter identification

If θ2 is assumed to be zero, since for practical ap-
plications θ2 is very small while a wheeled vehicle is
traversing deformable terrain, then soil parameter iden-
tification is given by

DP = rb
[

∫ θm

0

τ2(θ) cos θdθ +

∫ θ1

θm

τ1(θ) cos θdθ−

∫ θ1

0

σ(θ) sin θdθ
]

(11)

where τ1(θ) and τ2(θ) are the shear stress regions be-
tween θm < θ < θ1 and 0 < θ < θm, respectively.

The third integral term in (11) can be integrated
analytically to yield

DP =rb
[

∫ θm

0

τ2(θ) cos θdθ +

∫ θ1

θm

τ1(θ) cos θdθ−

1

r(n + 1)

(

kc

b
+ kφ

)

zn+1
0

]

(12)

where z0 is sinkage at the θ = 0 position, and can be
calculated from

z0 = r(1 − cos θ1). (13)

The first two integral terms of the drawbar pull
model in (12) cannot be integrated analytically. The
Composite Simpson’s Rule is applied to (12) to find
an approximation of the integrals, in order to facilitate
the implementation of the identification method on the
model, and also to increase the speed of soil parameter
identification.

For the integral
∫ b

a
f(x)dx, suppose that interval

[a, b] is subdivided into 2m subintervals of equal width,

h =
b − a

2m
, by using the equally spaced sample points

xk = x0 + kh for k = 0, 1, 2, · · · , 2m. The Composite
Simpson’s Rule for 2m subintervals is given by

E(f, h) =
h

3
[f(a) + f(b)] +

2h

3

m−1
∑

k=1

f(x2k)+

4h

3

m
∑

k=1

f(x2k−1). (14)

This is a numerical approximation to the integral

of
∫ b

a
f(x)dx and can be written as

∫ b

a

f(x) ≈ E(f, h). (15)

Drawbar pull (DP ), based on Composite Simpson’s
Rule approximation, and DP based on numerical inte-
gration, are shown in Fig. 2. It can be observed that
the DP s derived from both methods are relatively close
throughout the entire slip range. Hence, Composite
Simpson’s Rule gives good estimates of integral terms
in the original wheel-terrain interaction model, and can
accurately be employed for soil parameter identification
purposes.

Equation (12), with the first 2 integral terms ap-
proximated by Composite Simpson’s Rule, is the main
focus for the identification process since it contains rel-
evant soil parameter terms. Soil parameter identifica-
tion is carried out in Section 5.

Fig. 2 Comparison of DP characteristics based on

Composite Simpson’s Rule and numerical integration

3 Example of soil parameter character-
istics

In this section, some soil parameter terms in the
wheel-terrain interaction model (DP model) are ex-
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amined, and their effect on the overall soil parameter
identification process evaluated.

3.1 Cohesion c

Cohesion c is not very sensitive in the interaction
dynamic model, as illustrated by the plot of c against
drawbar pull DP , as shown in Fig. 3.

Fig. 3 Plot of cohesion against predicted DP from (12) at

22.11% slip and 37 degree entry angle, using a wheel with

0.627 4 m radius, and 0.152 4 m tread[3]

Note: The range of cohesion used in Fig. 3 is the
real range of cohesion of 80% of the world’s soil.

The actual value of cohesion of the soil being used
for this experiment is c = 689.48 Pa. It can be seen
in Fig. 3, that the corresponding predicted DP should
be 104 7.22 N. However, measured DP from the exper-
iment may not be very close to that predicted. For in-
stance, if measured DP under the same conditions as in
Fig. 3 is 1 150 Pa (about 10% above its predicted value),
then identified cohesion will be 4 322.74 Pa, which is
inaccurate compared to its actual value (about 527%
error). A worst case scenario occurs when measured
DP is below 1 000 N. This could cause identified cohe-
sion to become negative. This is because cohesion is
relatively insensitive to DP , as changing cohesion by
a large margin will hardly change DP . On the other
hand, varying DP slightly will hugely affect the value
of c.

Plots of internal friction angle φ, and shear defor-
mation modulus K, against DP , are shown in Fig. 4.
It can be seen that unlike cohesion, changes in φ and K
cause significant changes in DP . When measured DP
is used to predict φ and K, it will give results close to
its actual value. Table 1 proves this point, where φ and
K are identified from measured DP 5% away from its
predicted value, and have only 1.05% and 3.41% error
from their actual values respectively.

In Table 1, two designated values of measured DP
(one below its predicted DP , and another above) are
employed to identify each soil parameter effectively.

It can be observed from Table 1, that shifting DP
from its predicted value by only 5%, results in approxi-
mately 180% error of identified c value. When attempt-
ing to identify c with other soil parameters, this will
cause other soil parameters not to converge to their
real values. Therefore, to avoid this characteristic of c
affecting other soil parameters in multi-soil-parameter
identification, it is fixed at a value of 3 000 Pa. This is
the cohesion value averaged over a wide range of soil
types giving 9.5% average variation of drawbar pull
over a wide range of slip. However, it does not in-
clude soils with an extremely high cohesion value, e.g.
c = 68 950 Pa for heavy clay (Waterways Experiment
Stn., WES)[6].

Fig. 4 Plot of internal friction angle and shear

deformation modulus, against predicted DP from (12) at

22.11% slip, and 37 degrees entry angle, using a wheel

with 0.627 4 m radius and 0.152 4 m tread[3]

Table 1 Identification of each soil parameter using

measured DP 5% below, and 5% above its predicted value

Measured DP Measured DP

= 5% below Error = 5% above Error

its predicted (%) its predicted (%)
value value

Identified
-555.73 -180.60 1 934.69 180.60

c (Pa)

Identified
32.95 -1.05 33.65 1.05

φ (degree)

Identified
0.039 4 3.41 0.036 8 -3.41

K (m)
Identified

46 352 -9.00 55 520 9.00
kc (N/mn+1)

Identified
220 591 -12.00 280 746 12.00

kφ (N/mn+2)
Identified n 0.487 6 3.61 0.454 5 -3.42

Note: The actual values of these soil parameters are
shown in Table 2.
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3.2 Shear deformation modulus K

A simplified version of (1) and (3) combined were
used in [7], to estimate c and φ. It was noted that in
their model, T is relatively insensitive to K; hence K
is not estimated and assigned a representative value.

In this study, the full dynamics model (12) is used
as given by [7], and with this model DP is not insen-
sitive to K as shown in Fig. 4, and can effectively be
identified.

3.3 Pressure-sinkage coefficients kc and kφ

The pressure-sinkage coefficient kc/b + kφ, will be
a constant for constant b values. Since the wheel
tread b is constant in the current application, a lumped
pressure-sinkage coefficient S = kc/b+kφ is used in (12)
for DP prediction.

4 Identification method and implemen-
tation

The identification method for soil parameter esti-
mation for wheel-terrain interaction is crucial, for fast,
accurate, and robust identification. This will enable the
effective approximation of wheel drive torque and draw-
bar pull, in real-time, and enable optimal traversing of
unstructured terrain. The Newton Raphson method
is particularly suitable for this application, because it
has been shown to identify unknown parameters with
high accuracy and rapid convergence[10,11]. In addition,
the Newton Raphson method doubles its accuracy at
each iteration[13]. In comparison, other methods can
be computationally expensive, and therefore limited in
their real-time applicability, plagued by saddle point
solutions and non-optimal local minima, and sensitive
to measurement noise.

The Newton Raphson method is an iterative
method used to solve nonlinear algebraic equations. To
obtain a solution, an initial guess, which is based on
prior knowledge of the problem, is used to start the
identification process. The solution is reached by in-
crementally improving the initial guess until a prede-
fined performance measure (here the difference between
the measured drawbar pull and predicted drawbar pull)
falls below a pre-defined threshold δ.

Using the Composite Simpson’s Rule modified
wheel-terrain interaction model of (12), soil parameters
φ, K, and S are identified using the Newton Raphson
method. The implementation of the Newton Raphson
method is illustrated in Fig. 5. Three sets of measured
data are required for this purpose. Drawbar pull (DP ),
wheel slip (i), and sinkage measured at θ = 0(z0). Since
the entry angle (θ1) is a function of z0 as shown in (13),
knowing z0 θ1 can be predicted. In this identification

process, cohesion c is set to an average value for the
reason described in Section 3.

Fig. 5 Diagram showing implementation of the Newton

Raphson method for soil parameter identification

Let p = [φ, K, S]T be a vector of soil parameters
to be identified, and x = [DP, i, z0]

T be a vector of
measured data.





f1(φ, K, S, DP1, i1, z01)
f2(φ, K, S, DP2, i2, z02)
f3(φ, K, S, DP3, i3, z03)



 = 0. (16)

Let p=[φ, K, S]T0 be an initial guess. Then applying
the Newton Raphson Method gives




φ
K
S



 =





φ
K
S





0

− J−1





f1(φ, K, DP1, i1, z01)
f2(φ, K, DP2, i2, z02)
f3(φ, K, DP3, i3, z03)



 (17)

where

J =















∂f1

∂φ

∂f1

∂K

∂f1

∂S
∂f2

∂φ

∂f2

∂K

∂f2

∂S
∂f3

∂φ

∂f3

∂K

∂f3

∂S















∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

0

.

5 Test results and discussion

Table 2 shows the soil parameter values for compact
sand taken from [4].

Table 2 Soil parameters for compact sand[4]

φ (degree) 33.3
Soil parameters c (Pa) 689.48

K (m) 0.038 1

kc (N/mn+1) 50 936
Pressure-sinkage

kφ (N/mn+2) 250 668
coefficients

n 0.470 6

To identify three soil parameters, three sets of mea-
sured data from [4] were used with the Newton Raph-
son method (i1 = 0.040 8, z01 = 0.146 6 m, DP1 =
171.27 N; i2 = 0.134 8, z02 = 0.154 9 m, DP2 = 799.25
N; i3 = 0.228 8, z03 = 0.172 2 m, DP3 = 1 120.38
N). The identification algorithm was programmed us-
ing Matlab 6.5, and run on an Intel Pentium (R) 4
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processor at 2.80 GHz CPU, with 1.00 GByte of RAM.
The identification results of soil parameters using the
Newton Raphson method are tabulated in Table 3. The
identification errors calculated with respect to actual
parameter values are also presented in Table 3, together
with identification time (Elapsed time).

It can be seen from Table 3 that the Newton Raph-
son method gives relatively accurate results, with per-
centage errors ranging from 2.91% for φ, to 22.77% for
S. Identification speed is relatively fast, with 0.15 sec-
ond elapsed time. It should be noted that the speed
of identification could be further increased if the code
and processor were optimized.

Table 3 Soil parameter identification results

Soil parameters Actual values Identified values Error (%)

φ (degree) 33.3 34.27 2.91
K (m) 0.038 1 0.040 3 5.77

S = kc/b + kφ 584 894 451 723 22.77

Elapsed time (s) 0.15

A robustness test was carried out to examine
whether the Newton Raphson method would converge
to the correct solution when different initial guesses
(p0) were used. It was found that the Newton Raphson
method is very robust, as all initial conditions within
parameter ranges as shown in Table 4, give true con-
verged soil parameter values.

Table 4 The range of initial conditions of soil

parameters that produce a converged solution

Lower boundary Soil parameter Upper boundary

5 φ (degree) 89

0.015 K (m) 0.089

70 000 (kc/b + kφ) (N/mn+2) 31 × 1011

To check the sensitivity of the Newton Raphson
method to sensor noise, 5% white noise was superim-
posed on the measured data (DP , z0, and i). The
percentage error of the identified soil parameters with
white noise, are shown in Table 5.

Table 5 The influence of white noise applied to

measured data

With actual With measured data

measured data and white noise

Error of identified φ(%) 2.91 6.10
Error of identified K(%) 5.77 15.75

Error of identified S(%) 22.77 24.66

In Table 5, the biggest error was 24.66% (increased
from 22.77%), while the biggest increase in error was
for K (from 5.77% to 15.75%). As expected, increasing
sensor noise levels, lead to increased parameter identi-
fication error. However, it can be seen that the Newton
Raphson method is relatively robust to sensor noise.

The identified φ, K, and S, using the Newton Raph-
son method from Table 3 (with 3 sets of measured data

as identification inputs) were used to predict drawbar
pull, using Composite Simpson’s Rule with the modi-
fied form (12), and the results compared with the mea-
sured data from [4]. Fig. 6 shows a comparison be-
tween measured drawbar pull, and drawbar pull pre-
dicted from 2 sets of identified soil parameters — one
identified using 3 sets of measured data, and another
identified using 6 sets of measured data. When using 6
sets of measured data to identify φ, K, and S, the Gen-
eralized Newton Raphson method[11] was used. This
method was employed when the number of data points
M was greater than the number of equations N (in this
case, M = 6 and N = 3). It can be seen that both pre-
dicted drawbar pull values are relatively close to their
measured values (rms prediction errors are 156.80 N,
and 111.50 N, respectively). It should be noted that
the more measured data was used to identify soil para-
meters, the more accurate was the predicted drawbar
pull.

Fig. 6 Comparison between drawbar pull predicted from

identified soil parameters, using 3 and 6 measured data,

and measured drawbar pull

Similarly, identified φ, K, and S from Table 3, were
used to predict wheel drive torque using Composite
Simpson’s Rule in the form of (18), and the results
compared with measured data from [4]. Equation (18)
was derived from (3) assuming θ2 = 0. Fig. 7 shows
a comparison between measured wheel drive torque,
and wheel drive torques predicted from 2 sets of iden-
tified soil parameters — one identified using 3 sets of
measured data, and another identified using 6 sets of
measured data. Again, the Generalized Newton Raph-
son method was used to identify φ, K, and S with the
6 sets of measured data. It can be seen that both pre-
dicted wheel drive torques are relatively close to their
measured values (the rms prediction errors are 187.34
N·m, and 96.97 N·m, respectively. It should also be
noted that the more measured data was used to identify
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soil parameters, the more accurate was the predicted
wheel drive torque.

T = r2b

(

∫ θm

0

τ2(θ).dθ +

∫ θ1

θm

(θ).dθ

)

(18)

where τ2(θ) and τ1(θ) are derived from (10) using σ2(θ)
and σ1(θ), respectively.

Hence, from the above results it can be concluded
that identified soil parameters can be employed for tra-
versability prediction, traction control, and trajectory
planning in real-time, based on the accurate prediction
of drawbar pull and wheel drive torque. Although more
measured data inputs would improve drawbar pull and
wheel drive torque prediction, processing time would be
increased, and the real-time aspect of the application
affected.

Fig. 7 Comparison between wheel drive torque predicted

from identified soil parameters, using 3 and 6 measured

data, and measured wheel drive torque

6 The use of identified soil parameters
for traversability prediction

The soil parameters identified from the method pro-
posed in this paper, can be used to improve the perfor-
mance and automation of a wheeled vehicle travelling
on unknown terrain. This section shows a traversabil-
ity criterion design based on the use of the identified
soil parameters.

When wheel drive torque required to traverse a ter-
rain exceeds the torque generated by a wheel, a wheeled
vehicle will be immobile. In other words, it will get
stuck spinning in the terrain. A traversability criterion
for a wheeled vehicle on unknown terrain can then be
designed based on this situation, as shown in Fig. 8.
The soil parameters identified in Section 5 can be used
to predict the wheel drive torque required for a wheeled
vehicle to traverse the terrain.

Fig. 8 A simple traversability criterion design diagram

A simple numeric example for traversability cri-
terion design, for the traversability prediction of a
wheeled vehicle travelling on unknown terrain, is de-
scribed in Fig. 9. Fig. 9 shows wheel drive torque, pre-
dicted using the soil parameters of four different terrain
types. Given a capability to generate 3 kN·m wheel
drive torque, a wheeled vehicle will be able to traverse
three terrains (sandy loam, dry sand, and snow, all of
which require less than 2 kN·m of wheel drive torque)
but not clayey soil (for which about 4.5 kN·m of wheel
drive torque is required for vehicle traversal).

Fig. 9 The threshold wheel drive torque upon which a

wheeled vehicle can traverse four different terrains (soil

parameters for all terrain types are taken from [7])

7 Conclusions and future work

This paper presents a method to identify the set of
soil parameters required to predict drawbar pull and
wheel drive torque from measurements of slip, sink-
age, and drawbar pull [i, zo, DP ], for a wheeled vehicle
traversing unknown terrain. The soil parameters iden-
tified are internal friction angle (φ), shear deformation
modulus (K), and lumped pressure-sinkage coefficient
(S−kc/b+kφ). The Newton Raphson method was used
for identification, using an approximated form of wheel-
terrain interaction model using a Composite Simpson’s
Rule. Results show that the method can identify soil
parameters accurately and robustly with relatively fast
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speed. The drawbar pull and wheel drive torque pre-
dicted from the identified soil parameters, are shown
to be in good agreement with their measured values.
Hence, drawbar pull and wheel drive torque can be ef-
fectively predicted and used for vehicle performance op-
timization. The concept of wheeled vehicle immobility
in a terrain was presented. Wheeled vehicle immobil-
ity can in turn be used to design simple traversability
criterion for a wheeled vehicle traversing an unknown
terrain.

Future work will focus on an investigation of wheel-
terrain interaction characteristics under various vehi-
cle conditions, e.g. different vehicle weights using a
purpose-built test rig. Also, an extension for the identi-
fication of another pressure-sinkage coefficient “n” will
be attempted, and a wheeled vehicle travelling over ter-
rain with extremely high cohesion will be investigated.
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