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Abstract:

In most areas of human activity where vehicles are used, ensuring their mobility is important. One of the components
addressed in the framework of mobility is also the movement of vehicles in the field. The article deals with the assess-
ment of wheeled vehicles' trafficability through low-bearing terrain. Therefore, it is important to be able to reliably
evaluate whether the terrain is passable or not, i.e. determining the trafficability of the terrain. Currently, two assess-
ment systems are used in the ACR environment to evaluate the bearing capacity of the terrain — one using a PT-45
telescopic penetro-meter and the other using a cone penetrometer. Each of the systems has its advantages and disad-
vantages, but unfortunately, none of them meet the current requirements of users. Both methods designed for evaluat-
ing the passability of wheeled vehicles on terrain always compare the “value of the land” and the “value of the vehi-
cle”. Based on the advantages and disadvantages of both evaluation methods, the authors decided to find out whether
it would be possible to combine the advantages of both methods and propose a new evaluation system for the telescopic
penetrometer, based on the evaluation system for the cone penetrometer. The following was carried out: i) comparison
of individual devices and assessment procedures, ii) correlation of permeability measurement results obtained using
both penetro-meters, iii) analysis of individual vehicle parameters included in existing assessment methods. The au-
thors present the results of the analysis of the parameters, propose their reduction, and introduce a new important
parameter, which significantly affects the result, that is, whether the vehicle will pass the terrain. In conclusion, a
completely new system for measuring the passability of wheeled vehicles through the terrain was designed. The cor-
rectness and reliability of the entire newly designed system was verified by measurements in the field. Due to the fact
that the authors proceeded to solve the problem of trafficability on the basis of requirements from the field, its results
will have a great practical impact — the implementation of the new evaluation system into the Field Manual used by
the ACR.
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1. Introduction
Mobility is addressed in many areas — agriculture,
industry, transport and, unfortunately, also during
military operations. Thanks to vehicles, it is possible
to transport material, animals, and people over long
distances within a short time interval. However, ve-
hicles are not only used in ideal conditions and only
on roads, but in different terrains, both in the dry and
rainy season, floods, snow, and other climatic con-
ditions. In all these climatic conditions, the vehicle
must be able to cover the designated route. There-
fore, it is important to be able to reliably evaluate
whether the terrain is passable or not, i.e. determin-
ing the trafficability of the terrain.
During their many years of experience measuring
trafficability through terrain, the authors came
across another factor that significantly affects traffi-
cability. This factor is the drivers themselves, whose
skills vary significantly with experience. This factor
is also mentioned in work (Kozlowski et al., 2023),
but it has not yet been investigated in detail. If the
hypothesis regarding the influence of the driver on
the result were to be confirmed, there would be a big
change in the perception of the evaluation of traffi-
cability in its entirety. This would create the neces-
sity for further expansion of existing research in this
area. Solving the effect of driver ability could later
be beneficial for training autonomous vehicles con-
trolled by artificial intelligence.
Penetrometers are used to evaluate the bearing ca-
pacity of the terrain. A penetrometer is any device
forced into the soil to measure resistance to vertical
penetration (Davidson, 1965). Currently, two sys-
tems are used in the ACR (Army of the Czech Re-
public) for evaluating the trafficability of low-bear-
ing terrain using two different penetrometers. Unfor-
tunately, none of these systems meet the set needs —
speed, accuracy, establishment.
Therefore, the following steps were taken:
—  finding out the current state of the world's traf-
ficability solutions,
— comparison of existing evaluation systems in
the ACR,
—  performing an analysis of the factors affecting
the trafficability result in existing systems,
— the introduction of a new factor of the driver,
—  the design of a new evaluation system for traf-
ficability,
— field verification of the validity and reliability
of the new system.

2. Literature review

Mobility is crucial for all ground vehicles, both
manned and unmanned. The Army, particularly its
engineers, aims to develop technology that accu-
rately predicts the trafficability of each vehicle. This
involves estimating soil strength to predict behavior,
traction, motion resistance, and the sinkage of
tires/tracks off-road. Critical data for these estimates
are obtained from devices such as penetrometers and
bevameters. Soil trafficability measures the soil
strength needed to support the movement of military
wheeled or tracked vehicles.

NATO uses the NATO Reference Mobility Model
(NRMM) to predict vehicle mobility on off-road ter-
rains. Developed in 1979 and upgraded in 1992, the
NRMM is a widely used and precise model. Recent
studies have reviewed the NRMM, and efforts are
underway to update it to predict the trafficability of
vehicles with advanced technologies (McCullough
etal., 2017).

Acrticle (Williams et al., 2019) reviews the develop-
ment of the Vehicle Cone Index (VCI) and Mean
Maximum Pressure (MMP) and their applications in
evaluating vehicle mobility. Advances in terrame-
chanics and modeling and simulation techniques
have spurred interest in developing physics-based
mobility metrics for next-generation vehicle mobil-
ity models (Jekl & Jansky, 2024).

The increase in the number and variety of tracked
and wheeled vehicles has made off-road trafficabil-
ity planning more complex. Accurate and reliable
trafficability measurements are essential for suc-
cessful operations. Peat and highly organic soils pre-
sent significant challenges for vehicles. Article (Par-
ker at al., 2021) details year-round mobility experi-
ments with modern military vehicles on organic
soils.

Remote sensing of geo-parameters is emerging as a
future method for determining trafficability. Terrain
similarity analysis has been used to find homogene-
ous soil patches, as discussed in articles (Pundir &
Garg, 2021) and (Pundir & Garg, 2022). Advances
in remote sensing technologies and digital ground
surveys have improved result accuracy and en-
hanced the understanding of geo-spatial data utiliza-
tion.

A study in (Liu et al., 2020) develops a simulation-
based mission mobility reliability (MMR) analysis
framework to address the uncertainty in predicting
the mobility of off-road ground vehicles during
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mission planning. The concept of MMR is intro-
duced to quantify the reliability of a mission path
traversing various soil types. To manage the compu-
tational challenges of MMR assessment due to
costly mobility simulations, a single-loop Kriging
surrogate modeling method is employed.
Penetrometers are the most crucial devices for deter-
mining trafficability. A model for the interaction of
a penetrometer's cone with terrain, considering both
normal pressure and shear stress distributions on the
cone-terrain interface, is discussed in (Huang et al.,
2020). Another device for measuring trafficability is
the bevameter, which is more complex and provides
more accurate data. Experimental methods in (Ma-
son et al., 2022) are used to convert cone index
measurements to bevameter parameters, supporting
vehicle soil/tire/track interactions for sand and lean
clay. This conversion allows for the use of extensive
existing cone index data to determine traction and
motion resistance. Additionally, the dynamic cone
penetrometer (DCP) (Lee et al., 2019) , which
measures dynamic responses at the cone tip and ap-
plies energy conservation principles, suggests dy-
namic cone resistance as a new strength index as it
increases with the depth of the instrumented DCP.
Moreover, it provides a reliable subgrade strength
profile.

Vegetation significantly impacts various soil
strength parameters. The influence of vehicle opera-
tions on vegetation and vice versa, including their
effect on vehicle performance and trafficability, is
reviewed in (Wieder & Shoop, 2018). Vegetation
types relate to mobility measures like maximum safe
vehicle speed, tire slip, and fuel consumption.

In (Wasfy et al., 2018), the authors present a finite
element vegetation model to predict the dynamic in-
teraction of ground vehicles with vegetation. The
model includes both vegetation and vehicles, ac-
counting for the effects of normal contact and fric-
tion with the vehicle, interactions between stems,
stem breaking, and aerodynamic forces on stems.
Article (Ewing et al., 2020) studies the use of Ap-
parent Thermal Inertia (ATI) in conjunction with
GeoGauge for directly testing soil stiffness. Another
approach to improving off-road trafficability assess-
ment is through autonomous vehicles. Paper
(Goodin et al., 2020) discusses the factors affecting
trafficability for autonomous off-road vehicles and
presents an algorithm for real-time trafficability as-
sessment. The predicted results are compared with

ground-truth metrics, demonstrating how a traffica-
bility metric can be automatically calculated using
physics-based simulations with the MSU Autono-
mous Vehicle Simulator (MAVS).

For easy access to a database of parameters for as-
sessing tracked and wheeled vehicles on various
soils, the Database Records for Off-Road Vehicle
Environments (DROVE) (Vahedifard et al., 2017),
(Wiejak et al., 2023) was created. It contains over
8,000 field and laboratory tests, facilitating new
studies. DROVE supports the unified equation of the
characteristic curve for predicting the gross traction
of a wheel over a range of powered, towed, and
braked modes on clay soils (Mason et al., 2022).
Article (Calderon & Piedrahita, 2019) presents
standard methods for identifying dynamic parame-
ters of mechanical systems and introduces a new
methodology for identifying inertial parameters in
low mobility mechanical systems. The methodology
involves formulating a symbolic model based on the
transfer of inertial properties and a reduction using
dynamic contribution indices based on CAD approx-
imations. This new method, applied to the front sus-
pension of an electric vehicle, results in a model with
few parameters that accurately reproduce the sys-
tem's dynamic behavior.

Another approach to predicting trafficability is
through mobility maps, which consider various pa-
rameters (Mason et al., 2020), and vehicle type and
characteristics. In Poland, detailed cartographic
studies, including a soil-agricultural map at a scale
of 1:25,000 (Borkovska & Pokonieczny, 2021) have
been used to develop maps concerning soil traffica-
bility. These maps are based on field measurements
with specialized equipment such as an electronic
cone penetrometer and consider the type of combat
vehicle and the number of its passes in the analyzed
area. Soil trafficability is classified into three clas-
ses: GO, SLOW-GO, and NO-GO TERRAIN. The
analysis of these maps shows that trafficability con-
ditions can significantly change with an increase in
the number of vehicle passes. The study demon-
strates the possibility of using existing soil databases
and penetrometric measurements to develop traffi-
cability maps that consider soil conditions, provid-
ing geospatial support for military operations and
crisis management.

Vehicle mobility models also play a crucial role in
predicting trafficability remotely. In (Wasfy et al.,
2018), a high-performance computing (HPC)
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design-of-experiments (DOE) procedure integrates
multibody dynamics for modeling vehicles and the
discrete element method (DEM) for modeling soil
into one solver.

Machine learning is another method for creating mo-
bility maps. In (Mechergui & Jaykumar, 2020), su-
pervised machine learning algorithms such as sup-
port vector machines (SVM), nearest neighbor clas-
sifiers (k-NN), decision trees, and boosting methods
are used to create trained models.

Soil compaction is a significant concern not only in
military operations but also in agriculture. The
growth of plants (Moraes et al., 2014) and the ability
of tractors to pass through fields (Prikner et al.,
2017) depend on soil compaction. Effective soil
compaction management can enhance agricultural
productivity and ensure the mobility of agricultural
machinery.

In their study (Alesso et al., 2018), researchers in-
vestigated the impact of three tillage depths—up to
10 cm, 10-20 cm, and 20-30 cm—on soil penetra-
tion resistance and its spatial distribution. Mapping
this effect can provide valuable insights into both lo-
cal and global soil responses to tillage practices, aid-
ing in the targeted application of tillage techniques
within fields.

Each pass of a tractor increases soil penetration re-
sistance. Another study (Alesso et al., 2020) devel-
oped a model to analyze the spatial distribution of
soil mechanical strength. Conducted on a Typical
Avrgiudoll soil under four traffic intensities with the
use of a 120 HP tractor, the study utilized a cone
penetrometer and geostatistical methods to differen-
tiate between wheeled and non-wheeled zones. The
results indicated a quadratic relationship between
cone index and depth across all treatments. How-
ever, due to significant variability in grid cell meas-
urements, this parameter may not reliably guide fu-
ture experimental designs.

In a separate investigation (Di Maria et al., 2021),
researchers assessed rut formation and rolling re-
sistance using cone penetration tests across firm,
soft, and wet saturated soil. They found that varying
wheel width and diameter impacted rut formation
and rolling resistance differently depending on soil
deformability. Larger diameters reduced rolling re-
sistance, particularly in more deformable soils,
while wider wheels reduced sinkage but influenced
rolling resistance through soil volume deformation.
The study also compared contact stress against

literature-recommended thresholds to inform opti-
mal running gear dimensions.

Furthermore, differences in mobility outputs exist
even among vehicles of the same type, influenced by
factors such as tire type, torque, and load. Variations
in mobility are also evident between commercial and
military tracked vehicles, as highlighted in a study
(Malik et al., 2020). Most existing models neglect
crucial factors like cooling fans, soft ground rolling
resistance, and torque converters, thereby limiting
their applicability for military vehicles. To address
these issues, researchers developed a
MATLAB/SIMULINK model specifically for a 65-
ton Main Battle Tank (MBT), incorporating these
factors. Their simulation demonstrated accuracy
within 91-97% when compared against published
data, underscoring the model's utility in predicting
vehicle performance accurately.

While tracked chassis are generally considered su-
perior to wheeled chassis, wheeled vehicles also ex-
hibit varying performance characteristics. The type
and condition of tires notably affect their trafficabil-
ity. For instance, tire pressure directly influences
wheel sinkage and overall trafficability. In (Oh et al.,
2019), researchers investigated the impact of tire in-
flation pressure on real-time estimation of the rating
cone index (RCI) of soil using wheel sinkage. They
developed an equation to estimate RCI and con-
ducted experiments to measure wheel sinkage, slip,
and tire deflection at different inflation pressures.
Results indicated that increasing tire inflation pres-
sure led to higher wheel sinkage and slip, while de-
creasing tire deflection.

Statistical analysis of the data revealed significant
changes in calculated RCI with varying tire inflation
pressures. These findings provide insights into de-
termining optimal tire inflation pressures for indi-
rectly estimating RCI.

As tires age during service, their tread patterns wear
down and stiffness decreases. In (Wong et al., 2020),
researchers conducted a sensitivity analysis to eval-
uate the effects of tire aging and wear on stiffness
characteristics, as well as longitudinal friction.

The capability of a vehicle to navigate through for-
ested areas hinges on whether it can maneuver be-
tween tree trunks or surpass individual trees alto-
gether. Overriding tree obstacles may prove more ef-
ficient if a vehicle can quickly traverse a number of
tree trunks instead of maneuvering around each one.
Vehicle movement within a forest stand is
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influenced by vegetation factors such as tree stem
diameter, spacing, and root characteristics, which
determine tree stability under mechanical stress, and
a vehicle's ability to navigate around or over them.
Additionally, technical specifications like width,
length, turning radius, weight, and traction force of
the chosen military vehicle are crucial in determin-
ing its off-road maneuverability. Author (Rybansky,
2020) discusses theoretical predictions of vehicle
movement in forest stands and summarizes findings
from extensive testing on vehicle ability to negotiate
individual trees.

Research into the mechanical properties of snow are
described in e.g. (Hasilova et al., 2023), (Shenvi et
al., 2022). A significant challenge in assessing snow
trafficability is measuring penetration resistance. In
(Mahonen et al., 2021), a new portable bevameter
designed for field measurement of snow properties
is introduced. Initial test results are presented,
demonstrating the bevameter's capability to measure
snow properties essential for simulating interactions
between snowmobiles and soft snow. While param-
eters extracted from the data were usable, improve-
ments are needed to enhance measurement quality.
One issue noted was noise caused by mechanical
part interactions and the bevameter's low mass. En-
hancements in usability could involve reducing ca-
bles, which are vulnerable in cold weather, and re-
placing the laser distance sensor with a string wire
potentiometer (Sladek & Kolar, 2023).

Regions experiencing severe winters, with extensive
snow cover, must assess snow trafficability effec-
tively. Article (Zhukov et al., 2020) discusses the ne-
cessity of developing mobility maps as an evolution
of Professor Belyakov's mobility theory. The analy-
sis underscores the relevance of creating "snow mo-
bility maps" for Russia, detailing the methodology's
stages. These include terrain analysis to determine
movement zones, assessing object mobility parame-
ters, and integrating vehicle mobility calculations
into geographic information systems.

3. Research methods

Trafficability is affected by many factors, some of
which can be seen in Fig. 1. According to Fig. 1, the
distribution of factors affecting trafficability is

divided into four groups. The first factor is climatic
conditions, when, for example, there are frequent pe-
riods of rain in the spring and autumn months, and
in winter the terrain is covered with a layer of snow,
which significantly affects the trafficability. The
second factor is soil properties. The dependence of
trafficability on the grain size of the fraction is
known both from laboratory and field measurements
(United States Army, 1994). Another factor is the
terrain itself, which with regard to vegetation, obsta-
cles, and slopes becomes more difficult to over-
come. The last factor is the vehicle itself. Both pas-
senger cars and trucks are designed with regard to
the intended function of use. Trucks that work in dif-
ficult terrains, unlike those that use only paved roads
to move, have a larger number of axles, two-wheel
mounting with deep-tread tires.
Based on the information obtained from the litera-
ture review, the authors decided to propose a new
assessment method for the evaluation of the traffica-
bility in the low endurable terrain. At first, they fo-
cused on the case of one pass and on wheeled vehi-
cles. If the correctness of the newly proposed
method is confirmed, this method will be further ex-
tended to tracked vehicles and more passes.

The following steps had to be taken in order to pro-

pose a new method:

1. Carry out a comparison of the used methods of
evaluating terrain trafficability and find out
whether the values of the measured resistance
of the soil against the penetration of thorns
from the selected penetrometers are interde-
pendent—comparable — then an evaluation sys-
tem of one can be applied on the other. (Section
4,5).

2. Analyze the factors affecting trafficability and
decide which parameters are necessary for our
evaluation method. (Section 6).

3. Determine whether there are any other factors
that affect trafficability that are not described or
included anywhere. (Section 7).

4. Propose a new method of evaluating trafficabil-
ity for the PT-45 telescopic penetrometer. (Sec-
tion 8).
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Fig. 1. Factors affecting terrain trafficability

4.  Systems of determining trafficability

In the case of a low-bearing terrain, it is necessary to
find out whether the vehicles in question will be able
to pass through the terrain or get stuck. In order to
determine how many and which vehicles will pass
through a given terrain, two values need to be com-
pared — the value of the land and the value of the
vehicle.

As mentioned above, the Czech Army currently uses
two methods for the evaluation of trafficability from

given number of
4 vehicles

Driver
experience

Climatic
conditions

two different sources. The first and main source is
the Czech Field Manual for Engineers ZEN 2-16
(Ministry of Defence, 1987) (Zen from the Czech
word “Zenista”, which means Engineer). The second
source is the Field Manual of US Army FM 5-430-
00-1 (United States Army, 1994), used by several
NATO countries. Both methods of evaluation of low
endurable terrain described in these manuals are de-
scribed below.
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4.1. Field manual ZEN 2-16 military roads and
ways
Based on this manual, the trafficability of the terrain
can be determined in four ways. Firstly, it can be es-
timated visually, by some objectively occurring
signs — green grass etc. Second system uses a human
footprint to measure. The third system use the engi-
neer's crowbar. It is only for a rough assessment of
ground penetration according to the depth of the
crowbar's penetration when falling from a height of
0.5 m. These three systems are very inaccurate and
unreliable.
The last system measures with a device — telescopic
penetrometer PT-45 (Fig. 2). PT-45 is an instrument
designed for measuring the bearing capacity of ter-
rain obtained by penetrating the thorn that is pressed
against the head of the penetrometer (the top cap of
the device) to the soil. The scale takes readings indi-
cated by the position of the drift ring. When it is re-
turned to the initial zero position, the pressure in
MPa is read and then with an evaluation form, the
bearing capacity of the terrain is determined, which
is the “value of the land” that we need to compare
with the “value of the vehicle”. Within this system,
we assess only one property of the vehicle, and that
is its weight. There are three categories (up to 4.5
tons, 4.5 — 9 tons, and over 9 tons). By comparing
the “value of the land” and the “value of the vehicle”
according to the prescribed procedures/evaluation
forms, we will found out many cars of three different
weight categories can pass the given terrain.
PT-45 is a tenacious device and measuring with it is
fast and simple. Additionally, it is sufficiently relia-
ble. What is a significant problem, however, is the
evaluation system, respectively the evaluation of the
“value of the vehicle”. As described above, only one
property is considered and it has very broad param-
eters. It has been proven that the trafficability de-
pends mainly on the weight (Jaykumar & Wasfy,
2021), (Jaykumar & Wasfy, 2021), and if it changes
by even 100 kg it can cause the vehicle to get stuck
in a place where it passed without problems before
(Cibulova, Priesner, 2022). Therefore, the division
of vehicles into three categories, with a difference of
several tonnes between them, is unsatisfactory.

4.2. Field manual 5-430-00-1 planning and
design of roads, airfields, and heliports in
the theater of operations — road design

According to the Field manual, the terrain traffica-

bility is evaluated by comparing two indexes. The

RCI (rating cone index — index of soil) and the VCI

(vehicle cone index). Based on the comparison, the

terrain is then evaluated as passable or impassable

for the given vehicle and number of passes.

RCI < VCI — impassable terrain

RCI > VCI — passable terrain

The RCI is determined by a cone penetrometer (Fig.

3), and it is operated in the same way as the PT-45.

A penetrating thorn is pressed against the head of the

penetrometer until it reaches the required depth and

then the value is read from an analogue display. The
detailed measurement procedure is then described in

(United States Army, 1994).

The VCI is tabulated for some conventional vehi-
cles, but it could be calculated for every vehicle with
different weight. To obtain the VCI, we must calcu-
late the mobility index (MI). This index considers
different vehicle features, as it is shown in the fol-
lowing formula from the FM (United States Army,
1994):

CPFXWGTF

MI' = [ TFXGF

+WF = CF| x EF X TMF (1)
where

CPF - contact pressure factor (Ib/inch?)

WGTF — weight factor (kp)

TF — tire factor (inch)

GF — grouser factor (without unit)

WF — wheel load factor (kp)

CF- clearance factor (inch)

EF — engine factor (kW/ton)

TMF — transmission factor (without unit)

If the vehicle is all-wheel drive, the VCI is read from
the graph (by MI) or by the formulas (2) and (3)
given in the manual (United States Army, 1994):

VCI =11.48 + 0.2 X MI — (Mff;m) @
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Fig. 2. Telescopic penetrometer PT-45

Fig. 3. Cone petroeter '

If the vehicle is not all-wheel drive, the calculation
of the mobility index remains the same and the for-
mula for VCl is:

VCI = 1.4 X MI ©)

The results obtained with the cone penetrometer are
considered to be very accurate, however they are
very time-consuming to determine. The large kit is
prone to loss of smaller parts. Furthermore, the in-
struments often suffer from careless handling and ir-
reversible damage.

4.3. The comparison of both systems
As previously written, there are two systems used
for the evaluation of low endurable terrain. One is

described in the Field Manual ZEN 2-16 and the sec-
ond in the Field Manual FM 5-430-00-1. The ad-
vantages and disadvantages are summarised in Table
1.

Both methods designed for evaluating the passabil-
ity of wheeled vehicles on terrain always compare
the “value of the land” and the “value of the vehi-
cle”. Based on the advantages and disadvantages of
both evaluation methods, the authors decided to find
out whether it would be possible to combine the ad-
vantages of both methods and propose a new evalu-
ation system for the telescopic penetrometer, based
on the evaluation system for the cone penetrometer.
For this to be possible, it is necessary to find out
whether the values measured by the devices are
comparable.

Table 1. Comparison of advantages and disadvantages of evaluation methods

Method PROS CONS
ZEN 2-16 Suitable device (quick and easy measure-  Unreliable evaluation system (considers only
ment, compact, light). It is established in 3 vehicle weight categories and no other vehi-
the ACR-availability. cle properties).
FM 5-430-00-1 Unsuitable device (slow and complex Reliable evaluation system (considers several

measurement, prone to breakage — fragile,
the entire measurement set is large and

heavy).

vehicle parameters, corresponds to the actual
number of vehicles that passed during the
measurement.
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5. Comparison of values measured by the pen-
etrometers
The dependence between the values read from the
telescopic and cone penetrometer was searched for
when measuring the resistance of the soil against the
penetration of their spikes into predetermined depths
of the soil. The measurements were carried out over
several years, under different climatic conditions
and in different areas, in order to capture all possible
cases (different types of soil, different humidity,
etc.).
It is assumed that this dependence is linear. To find
the considered relationship, a linear regression
model is used, which in our case will be a regression
line in the form L(x) = B; + B,x. Since a telescopic
penetrometer is mainly used to measure soil bearing
capacity in the ACR, the regression model considers
a functional dependence between the independent
(explanatory) variable x (values obtained on the tel-
escopic penetrometer) and the dependent (ex-
plained) variable y (values obtained on the cone
penetrometer) in the form of y = ¢(x), where the
linear function ¢ (x)is unknown.
However, due to various random influences, we do
not get the value of y; according to the relation
y = @(x) at the set value x;, but a different value in
general. Our task was to estimate the parameters of
this function based on the measurements made, so
that the replacement was, in a certain sense, the best.
The method of least squares was used to determine
the estimates of the parameters (; and S, of the re-
gression line. The Maple program with the Statistics
package was used to process the measured data.
When searching for the coefficients, it was assumed
that there are no systematic errors in the measure-
ment of the quantity y and that the variances of the

Cone penetrometer
- - -
5 o =
5 B e
1 1 1

v
=
1

measurement errors are independent of the individ-
ual values of x;.

Values in the range of 0 to 4.5 on the scale were re-
peatedly measured on the telescopic penetrometer,
and values of 15 to 240 on the scale corresponded to
these values on the cone penetrometer. A total of 563
values were measured.

The result of the regression model could be influ-
enced by outlying (influential) measurement points.
Fig. 4 shows the entire correlation field, from which
it can be seen that there are no outliers in it. From
the data distribution in the figure, it is clear that our
original assumption was confirmed, namely that
there is a linear relationship between the penetrom-
eters. This functional dependence is expressed in the
following form:

L(x) = 2149 + 44.96 . @)

Subsequently, it was necessary to verify whether the
chosen regression model is suitable. First, we fo-
cused on the calculated coefficients g; and B, in the
regression line. A null hypothesis, which was the
same for both coefficients, was established as to
whether a given coefficient is significant in the
model or can be dropped from the model.

The null hypothesis Hy: B; = 0,i = 1,2 was tested
(in this case, the coefficient in the model is insignif-
icant) against the alternative hypothesis Hy: B; #
0,i = 1,2. In Table 2 the results of partial ¢-tests on
the significance of regression coefficients f; =
21.49 and B, = 44.96 are shown. Given that the p-
value was equal to 0 at the significance level of a =
0.05 for both coefficients, the null hypothesis was
rejected in favor of the alternative one, and therefore
the coefficients cannot be removed from the model.

o

Telescopic penetrometer

I— L(x) =21.4899144128670 + 44.95763087103581x

Fig. 4. Dependence between penetrometers
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For both coefficients, their 95% confidence intervals
were also determined. For coefficient g; the interval
was (18.41; 24.57), for coefficient S, the interval
was (43.67; 46.25).

The suitability of the used model is indicated by the

coefficient of determination RZ =1 — Te where

SS, is the sum of squared errors (residuals) and
SSy is the sum of squared deviations of the depend-
ent variable y from its mean value y. The coefficient
of determination can take on a maximum value of 1,
which means a perfect prediction of the values of the
dependent variable. On the contrary, a value of 0
means that the model does not provide any infor-
mation for the knowledge of the dependent variable,
it is completely useless. In our case, the value of the
determination index was 0.89, which indicates a rel-
atively suitable choice of model. Homoscedasticity
was proved.

It is clear from the measurement principle that if we
measure a new value of x, on a telescopic penetrom-
eter, we will not get the exact value of y, ona cone
penetrometer using the calculated regression line
(4). For the value of the explained variable y, i.e. the
value we would like to obtain on the cone penetrom-
eter based on the measurements on the telescopic
penetrometer, we will also determine the confidence
interval.

The limits of this interval are (-13.34; 56.32) for
x, =0 and (188.94; 258.66) for x, = 4.5. The con-
fidence band (see Fig. 5) is narrowest at the point

x = %Z{;l x;, it widens towards the edges, its graph
is a hyperbola. It is evident that the interval is rela-
tively wide. For better results, it would be advisable
to carry out additional measurements, based on
which the shape of the regression line could be cor-
rected.

6. Analysis of vehicle parameters influencing
trafficability
If we want to use the evaluation system, we need to
check which individual vehicle parameters are used
to obtain the VCI vehicle index, or mobility index
MI (see section 4.2). This will be followed by an
analysis of the individual input parameters in order
to find out what effect they have on trafficability and
if they are necessary for its assessment.
Now we will work with the formula for Ml for
wheeled vehicles (1), where the individual factors
are calculated as follows according to (United States
Army, 1994):
Contact pressure factor (CPF):

. 2XWGT
|b/|nChz) CPF = m ®)
where
WGT - total weight (Ib)

TW — tyre width (inch)
TOD - tire outside diameter (inch)
WN — wheel number (without unit)

Table 2. Results of partial t-tests on the significance of regression coefficients 8, and £,

Coefficients Estimate Standard Error t-value P(> |t])
By 21.49 1.57029 13.6853 0
B, 44.96 0.655427 68.5929 0
250 4
5 200
g 150
% 100
3
50
0 . ‘ ‘ T
1 2 3 4
Telescopic penetrometer
Fig. 5. Confidence interval for the value of the explanatory variable
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Weight factor (WGTF) (kp)

To calculate the factor WGTF, we need to know the
distribution of vehicles by weight range — see Ta-
ble 3.

Tire factor (TF) (inch):

10+TW
~ 100 '’ )

Grouser factor (GF) (without unit):
— with chains: GF = 1.05

—  without chains: GF = 1.00
Wheel load factor (WF):

TF

(kp) WF = 2T @

WN
Clearance factor (CF) (inch):

- CL
CF=—, (8)

CF = %; where CL — clearance (inch):

Engine factor (EF): (kW/ton)

—  horsepower / weight of vehicle in tons > 10: EF
=1.00

—  horsepower / weight of vehicle in tons < 10: EF
=1.05

Transmission factor (TMF): (without unit)

—  hydraulic transmission: TMF = 1.00

— mechanical transmission: TMF = 1.05

Now follows the analysis of the individual input pa-

rameters to find out what effect they have on the traf-

ficability and whether they are necessary for its as-

sessment or are insignificant. Math software Maple

was used to investigate the dependencies of each pa-

rameter. The parameter dependencies were also

graphically depicted for better visualization.

6.1. Vehicle weight

Weight is generally considered as the main criterion
that fundamentally influences the trafficability of a
given vehicle. This parameter is present in all

Table 3. Table for calculating the weight factor WGTF

evaluation systems and is considered the most. As
already mentioned, vehicles are divided into three
weight categories when determining trafficability
with PT-45, but this is the first step towards inaccu-
racy due to the large variety of different vehicles.
The FM method reflects the instantaneous weight of
the vehicle and even a small change in the weight
parameter will have a very significant effect on the
result.

Result: The authors found out (Cibulova & Priesner,
2022) that, on average, a 1% change in the input
weight value results in a 1.5% change in the final
result. Due to this fact (Fig. 5b), it is essential that
the weight factor of the vehicle remains in the for-
mula.

6.2. Tire characteristic

Wheels are the main surfaces on which a vehicle
comes in contact with the terrain. There is
a considerable emphasis on the tires themselves and
there are countless types of them. They differ in ma-
terial, stiffness, tread depth, tread pattern, width, and
diameter. Each tire has its own use, speed tires have
no tread and off-road ones go over a few centimetres
deep.

It is therefore clear that if the same vehicle is fitted
with different tires, the ability to cross unpaved
roads will vary considerably. However, even with
the same tires, different results can be achieved.
More experienced drivers often improve handling of
the vehicle by decompressing the wheels. If the tire
pressure is reduced, the contact patch is subse-
quently increased and therefore trafficability is in-
creased. What is not considered, however, is the fact
that this step reduces the diameter of the wheel,
which in practice means a reduction in clearance.
The question is whether reducing pressure is there-
fore advantageous. According to the calculations
and simulations in the software Maple, the improve-
ment in trafficability has been confirmed (Fig. 6a
and Fig. 6b).

Weight range *

WGTF

< 2000 WGTF = 0.553x
2000 - 13500 WGTF = 0.033x + 1.050
13501 - 20 000 WGTF = 0.142 x - 0.420
> 20000 WGTF = 0.278 x - 3.115
i — WTG — WTG
*Weight range = e (Ib) X = (kp)

where: AN — number of axles.
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Mobility index MI(WGT,TW) Mobility index MIWGT)
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Fig. 5a. Change of the MI depending on WGT Fig. 5b. Change of the MI depending on WGT and
T™™W

Mobility index MI(TOD,TW) Mobility index MI(CL.TW)

Fig. 6a. Change of the MI depending on TOD and TW Fig. 6b.Change of the MI depending on CL and TW

Result: The tire characteristic is therefore an im-

portant factor and needs to be considered when de- 6.3. Wheels and axles

termining trafficability. This is the factor that is The number of wheels as well as the number of axles
missing when evaluating with the PT-45. are other important factors. Together with the weight
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of the whole vehicle, they contribute significantly to
the vehicle's ability to overcome terrain. With an in-
crease in the number of wheels and axles, the weight
is distributed over a larger area; of course, this is not
a proportional distribution — that would depend on
the vehicle design. The type of wheel chassis is
therefore another important parameter that needs to
be retained in the mobility index calculation. (Fig.
7a.and 7b.)

Hand in hand with the chassis goes the vehicle drive.
It is important to know whether it is a single-axle
drive or all-wheel drive. If the vehicle is all-wheel
drive, it is capable of overcoming much more diffi-
cult bumps. Therefore, FM again serves as a suitable
template for the creation of a new evaluation form
that will include the all-wheel drive factor.

Result: It was proved that the number of wheels and
axles is an important factor for determination of the
mobility index. As the number of axles and wheels
increases, the ability of the vehicle to overcome the
terrain increases in direct proportion, and it is there-
fore necessary to include them in the calculation,
just as much as whether the vehicle is all-drive or is
not.

6.4. Snow chains

Another factor is the use of snow chains. Wheels
equipped with snow chains have much better terrain
characteristics and therefore increase the mobility
index of the vehicle. Because they prevent the
wheels from slipping, engine power is transferred to
wheels much more effectively. Although chains are
mandatory equipment on most cars, they are not reg-
ularly used, mainly because of the complexity of in-
stallation.

Result: The factor of snow chains should remain in
the calculation, because it is not negligible and can
ultimately have a considerable impact.

6.5. Vehicle clearance

Clearance is a factor that appears to affect traffica-
bility. However, when carefully examining the ef-
fect of ground clearance in the formula, we come to
a surprising conclusion.

Result: As can be seen in Fig. 8a and Fig. 8b, based
on the calculation, even a notable change in clear-
ance does not significantly affect the mobility index.
For this reason, clearance factor was recommended
to be excluded from the calculation of mobility in-
dex.

Mobility index MI(AN,WN)

Fig. 7a. Change of the M1 depending on AN and WN

Mobility index MI(WGT,WN)

WGT

Fig. 7b. Change of the MI depending on WTG and
WN
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Mobility index MI(TOD.CL)
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Fig. 8a. Change of the MI depending on TOD and
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Fig. 8b. Change of the MI depending on CL

6.6. Engine performance

The engine's capabilities, and therefore its perfor-
mance, continue to grow. However, off-road driving
necessarily doesn't need a powerful engine and can
be detrimental to driving. If the driver is unable to
handle the power of the engine, the wheels may spin
and thus lose traction, stopping the vehicle from

moving and possibly getting stuck. The field manual
compares engine power to weight and then distin-
guishes between two values of 1.00 or 1.05 at lower
power.

Result: Due to given reasons, the engine factor is
not an essential factor, and it is therefore not neces-
sary to include it in the mobility calculation (Fig. 9).

6.7. Transmission

According to FM, the type of gearbox is also evalu-
ated in terms of vehicle trafficability. A hydraulic
transmission can improve the mobility index due to
smoother transmission between gears (Fig. 10).
Result: The resulting difference between the me-
chanical and hydraulic transmission is not signifi-
cant and since the given gearbox type may not al-
ways be known to soldiers, it is recommended to dis-
regard the transmission factor.

7. Proposal of a new parameter: driver factor
The last task is to evaluate whether there are any
other factors that affect driving and are not included
in the given formula (1).

Based on the experience of measurements carried
out over 8 years, starting in 2014 (Cibulovd &
Priesner, 2022), (Cibulova et a., 2020), the authors
observed the influence of the driver on the passage
of the terrain. This has not yet been described or
qualified anywhere, although it is evident that the
driver's experience and skills do have an influence
on overcoming the terrain. Therefore, it was further
studied (by field measurements) whether the driver's
experience really has an effect on trafficability and
to what extent (Kozlowski et al., 2023), (Kurfiit,
2014), (Wright et al., 2019).

Subsequently, the question was asked whether the
existing systems were missing any important param-
eter. Scientific research in terms of trafficability fo-
cuses mainly on vehicle or subgrade characteristics.
Countless studies on the effect of waterlogged or or-
ganic terrain have been conducted (Parker et a.,
2021), (Pundir & Garg, 2021), (Pundir & Garg,
2022), as well as research that has looked at the ef-
fect of tires or the difference between civilian and
military vehicles (Oh et al., 2019), (Wong et al.,
2020). However, no study has examined the skills of
the driver of the vehicle. However, due to their ex-
perience and previous research on the Department of
Engineer Technology at University of Defence, the
authors identified this parameter as important. This
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led to the driver parameter, which was then investi-
gated in detail and numerically supported.

Mobility index MI(EP)
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Fig. 9. Change of the MI depending on EP

Mobility index MI(WGT)
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Fig. 10. The effect of manual (red) and hydraulic
(green) transmission on the Ml

7.1. Proposal of driver categories

In the first step, it was necessary to determine the
different categories of drivers. It seemed appropriate
to divide them into three groups according to their
experience. This proposal would also correspond to
the same classification as in the structure of the
Army of the Czech Republic (which would facilitate
introduction into the army where the system would
be used). The proposed categories are:

Group 1 (L) Low experienced drivers.
Group 2 (M) Middle experienced drivers.
Group 3 (H) High experienced drivers.

The measurements of the driver factor took place
over a period of two years, in different places, under
different climatic conditions, and with different
drivers, divided according to the categories men-
tioned above. In each measurement, the drivers per-
formed the same task independently, at their own re-
sponsibility. The aim was to evaluate and confirm
that driver experience and intuition can influence ve-
hicle's trafficability. Widespread vehicles of the
Czech Armed Forces were used for testing: the UAZ
469 as a passenger off-road vehicle, which has ex-
cellent trafficability (good VCI), and the heavy ve-
hicle Tatra T-815 which undoubtedly the most fre-
quently used truck and it is known for its driving
characteristics and its ability to overcome almost
any terrain (also good VCI). The measurement re-
sults are summarized in Table 4.

There were three areas:

Area 1 — wet area with 3 water surfaces. When the
driver did not pass any 0%, when he passed all three
100%. Area 2 — obstacle area with 3 waves, the same
rating as in the first area.

Area 3 —slope. The distance how far the vehicle pass
was calculated, or rather it was measured how many
meters from the top the vehicle stopped. In the case
of Tatra in the slope, it was not evaluated, there was
not a sufficient obstacle, there is no problem for the
Tatra to overcome it.

Result: The data obtained from the field experi-
mental measurements confirm that under the same
conditions (soil and vehicle) different driving results
were achieved, and these depended on the experi-
ence and skills of the drivers. Based on the above-
mentioned results (Table 3), the authors propose to
keep the suggested distribution of driver categories
— it is considered to be appropriate.
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Table 4. Evaluation of the proposed distribution of drivers in percentages

UAZ UAZ UAZ

Tatra Tatra Tatra

%
wet area obstacles slopes wet area obstacles slopes
Group 1 0.00 0.00 36.00 33.00 66.00 N 27.00
Group 2 33.00 33.00 44.00 66.00 100.00 N 55.20
Group 3 66.00 100.00 61.00 100.00 100.00 N 85.40

7.2. Proposal of the Driver Experience Factor

It is necessary to propose a corresponding value of
the factor for each group — category of drivers. For
this reason, further field measurements were carried
out. These measurements were conducted in a sim-
ilar way as the previous ones. Data were taken dur-
ing all seasons, but the main emphasis was on the
spring and autumn months when the soil is most sat-
urated with water and therefore least passable. Ad-
ditionally, a larger variety of vehicles was used.
The measurement was carried out as follows: the
values of the vehicle and the values of the soil were
determined according to the FM method. Soil values
were always measured on site and at a given mo-
ment. The vehicle values were calculated according
to (1), (2) and (3) and are listed in Table 5.

To determine the soil index, it was necessary to find
enough wide terrain which has several lines with the
same conditions for different drivers. The selected
areas were divided into three or more lanes, which
were marked out with wooden poles at certain dis-
tances. Subsequently, the track was measured with a
cone penetrometer. If there were no significant dif-
ferences on the lines, the vehicles started to try to
overcome the given route. When the vehicle got
stuck and was not able to move, the distance of the
route was measured.

Table 6 shows the results from one measurement as
an example. It is possible to read the values of VCI
and RCI and from them the assumption calculated
whether the vehicle would pass or not. In the next
column is the actual status of whether the vehicle

Table 5. MI and VCI of tested vehicles

passed. The last column contains the evaluation.
This means that although the input conditions (vehi-
cle VCI, soil RCI) were the same, different drivers
were able or unable to overcome the given route.
What influenced the length of the route, therefore,
were the driver's skills.

Result: Based on the data collected over two years,
it was possible to determine the coefficients of all
three categories of drivers. Drivers from the middle-
experienced category achieved results consistent
with the predicted vehicle trafficability according to
the vehicle index calculation, with minor variations.
The drivers from the high-experienced category
managed to regularly overcome the terrain, which
was about 10 % less bearable than the vehicle should
be able to overcome according to the field manual.
The low-experienced drivers had the worst results
and in most cases the limit set by the field manual
was beyond their ability. The difference from the
calculation was also about 10%.

Due to the measurement results, the values of the
driver experience factor were proposed as follows
Table 7.

However, it is necessary to add that the proposed
system will be primarily used in the army and the
classification of drivers corresponds to the classifi-
cation of drivers according to their rank. Neverthe-
less, determining the value of the driver factor will
always depend on the evaluator, who knows how ex-
perienced the driver is and who will evaluate the
trafficability himself.

Vehicle Mobility index (MI) Vehicle cone index (VCI)
UAZ 469 76.68 26.33
Land Rover 110 114.52 34.05
Toyota Hilux 73.94 25.76
T-810 6x6 15856 42.95
T-8158x8 VT 86.45 28.33
T-815 8x8 VVN 105.27 32.17
T-815 6x6 S3 141.87 39.58
T-815 6x6 VVN 123.16 35.80
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Table 6. An example of the results of one measurement — comparison of the VCI and RCI indexes and the
actual state of driving through the terrain for different drivers

Vehicle VCI Measured Driver Calculated Traf- Real Trafficabil- Result
RCI Experience ficability ity *
35 Low pass fail !
TINSE m1r Ta Middle fail fail ok
31 High fail pass 1
29 Low pass pass ok
TEOBE 833 o Middle fail fail ok
27 High fail pass 1
27 Low pass fail 1}
UAZ 469 26.33 25 Middle fail fail ok
22 High fail pass 1
36 Low pass pass ok
TESOC a0 28 Middle fail fail ok
28 High fail fail ok
44 Low pass pass ok
TR0 420 20 Middle fail fail ok
38 High fail pass 1
28 Low pass fail l
Toyota Hilux ~ 25.76 28 Middle pass pass ok
26 High pass pass ok

* Symbol “ok” means that the driver actually drove as calculated.
Symbol 1 means that the driver drove better than was calculated.
Symbol | means that the did not complete the route according to the original calculation.

Table 7. Proposed driver experience factor (FZR) values

Driver FZR
Low experienced 1.1
Middle experienced 1.0
High experienced 0.9

8. Proposal of a new evaluation method for tel-
escopic penetrometer
Based on the conclusion in chapter 4.3, it was de-
cided to combine the advantages and disadvantages
of both methods and to propose a new evaluation
system for the existing telescopic penetrometer used
in the Czech Army. The proposal for a new method
of evaluating low-bearing terrain using a PT-45 tel-
escopic penetrometer is described below. The entire
evaluation process remains on the same principle —
comparing the value of the land with the value of the
vehicle. The soil index Ip is obtained by penetro-
metric measurement, and the vehicle index lv is cal-
culated according to the newly proposed procedure.
The symbols for the factors are based on their names
in the Czech language, where they will be primarily
used, and because they are calculated in different
units. There is also the advantage that there will be

confused with the existing system for the cone pen-
etrometer.

If the value of the soil index Ip is less than the vehi-
cle index Iy, then the terrain is passable and vice
versa:

Ip < Iy — impassable terrain

Ip > Iy — passable terrain

8.1. Determination of the soil index

The handling of PT-45 and the determination of the
soil resistance remains according to the principle
mentioned in the Field Manul ZEN 2-16. Three
measurements will be taken per quarter metre, each
to six depths ranging from 5 cm to 30 cm. The values
of each layer are averaged, then the first three layers
and the remaining layers are averaged. Further, a
lower value is calculated — see Fig. 11.
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Fig. 11. Trafficability protocol
The formula (4) is used in order to obtain the neces-
sary Ip soil index, where
Ip = 4496 X Oy + 2149 © 1y = [E2E 4 FzK] x FIR, (12)

where: Oy — lower value of penetration resistance
from three layers.

It must be remembered that the obtained trafficabil-
ity results are, due to climatic conditions, valid only
at the time the measurements were made and for a
very short time afterwards

8.2. Determination of the vehicle index
For all-wheel drive vehicles, the vehicle index (Iv)
is calculated according to the formula (2).

)

If the vehicles are not all-wheel drive, the calcula-
tion is due to the formula (3).

39.2
Iy+3.74

Iy = 1148+ 02 x Iy — ( (10)

Iy = 1.4 X Iy, (11)

where FT is a pressure factor and FV weight factor.
(It has to be mentioned that the abbreviation were
chosen with respect to the Czech language, as the
main user of the results will be Czech army.)
Pressure factor (FT) (kg/mm?):

2 845xCVV
= SPxPPxPK’ (13)
where
CVV - total weight (kg)
SP —tire width (mm)
PP — tire outside diameter (mm)
PK — number of wheels (without unit).
Weight factor (FV) (kg):
To calculate the factor FV, we need to know the dis-
tribution of vehicles by weight range - see Table 8.
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Table 8. Table for calculating the weight factor FV

Weight range *

WGT

< 907 FV = 0.00122 x
907 - 6124 FV = 0.0000727 x + 1.050
6124 - 9072 FV = 0.000313 x - 0.420

> 9072 FV = 0.0006127 x - 3.115

* Weight range = % (kg)

— oW
x =52 (kg)

where: PN means number of axles

Tire factor (FP) (mm):

FP = (254 + SP) x 0.000 394, (14)
Grouser factor (FR) without unit:

o with chains: FR = 1.05

o without chains: FR = 1.00

Wheel load factor (FZK) (kg):

FZK = S x 0.0022, (15)

Driver experience factor (FZR) (without unit)

Table 9. Driver experience factor table

Driver FZR
Inexperienced 1.1
Normal 1.0
Experienced 0.9

9. Verification of the new evaluation method
In order to confirm the newly proposed method, ex-
perimental measurements were carried out focusing
not only on the driver factor, but on the entire eval-
uation method in general.

Soil indices measured using a telescopic penetrom-
eter, whose values were adjusted according to (4),
were compared. Furthermore, vehicle values were
calculated using the new method. The following
steps were taken for the objectivity of the measure-
ments, measures taken in different types of terrain,
with different soils, and under different climatic con-
ditions. Furthermore, a wide representation of driv-
ers from each category was selected. Number of
drivers was 28. Finally, the measurements were car-
ried out with different types of vehicles — as in the
case of the measurements in Table 5.

The results obtained from the measurement clearly
confirmed the proposed evaluation method as well
as the fact that the drivers overcame different low-
bearing terrains according to their experience.

10. Discussion and conclusion

The aim of the published work was the creation of a

new system for evaluating terrain trafficability. The

following steps were taken to realize the objective
with the following results:

—  Detailed research of current literature dealing
with terrain trafficability, which showed that
two evaluation systems are currently used in
the ACR environment — one using a telescopic
penetrometer and the other using a cone pene-
trometer. (Section 2)

—  Furthermore, a comparison of individual de-
vices and evaluation procedures was carried
out. Each of the systems has its advantages and
disadvantages, unfortunately, none of them
meet the current user requirements. Therefore,
it was necessary to find out whether the values
of the measured soil resistance against the pen-
etration of thorns from the selected penetrome-
ters are dependent on each other. After per-
forming the correlation of the trafficability
measurement results obtained using both pene-
trometers, a functional dependence was found,
and thus it was possible to use the evaluation
system of one penetrometer to evaluate the
measurement results of the second penetrome-
ter. Soil simulations are so complex due to their
specific properties that they have not been per-
formed. (Sections 4, 5)

— Analysis of individual vehicle parameters in-
cluded in existing evaluation methods. The au-
thors present the results of the parameter anal-
ysis, on the basis of which some parameters
were excluded (clearance factor, engine factor).
(Section 6) and conversely a new parameter has
been added. This is a “driver experience factor”
that significantly affects the result, i.e. whether
the vehicle will pass the terrain. The influence
of the driver on trafficability is known, but it
has not yet been described and quantified any-
where. (Section 7)
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— In conclusion, a completely new system for
measuring the trafficability of wheeled vehicles
through the terrain was designed. The accuracy
and reliability of the entire newly designed sys-
tem was verified by field measurements. (Sec-
tion 8)

—  The authors proceeded to solve the problem of
trafficability on the basis of requirements from
the field, and its results will have a great prac-
tical impact — the implementation of the new
evaluation system into the Field Manual. The
new evaluation system for the telescopic pene-
trometer considers many more parameters than
its predecessor, where only the weight of the
vehicle was taken into account, while retaining
all its existing positives (easy handling, speed,
establishment). In this way, it is possible to
solve the growing requirements for securing
mobility.

Based on the authors' experience from several years

of trafficability measurement, it was proposed to in-

troduce a new parameter — a “driver experience fac-

tor”, which significantly affects the result, i.e.

whether the vehicle will pass through the terrain or

get stuck. Specific weights have also been deter-
mined for this factor based on measurements.

As part of further scientific research, it would be ad-

visable to extend the knowledge of the trafficability

of wheeled vehicles presented in this thesis to
tracked vehicles as well. The mobility issue itself is
the same for both types of chassis, but the input pa-
rameters are different. Therefore, it is necessary to
perform similar analyzes and parameter measure-
ments for tracked vehicles as well and for more
passes, because the dependencies for more passes
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