Pre prints.org

Article Not peer-reviewed version

Bizon - UGV for Airport Pavement
Testing. Mechanics and Control.

Slawomir Jan Stepien i , Marcin Chodnicki , Miroslaw Nowakowski , Pawet Pietruszewski ,
Mariusz Wesotowski , Damian Dobrowolski

Posted Date: 9 February 2024
doi: 10.20944/preprints202402.0586.v1

Keywords: finite element method; mechanical stress and deformation; airport pavement; unmanned ground
vehicle; autopilot; proportional-integral-derivative control; feedforward control

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/97419
https://sciprofiles.com/profile/2155669
https://sciprofiles.com/profile/1430072
https://sciprofiles.com/profile/1142734
https://sciprofiles.com/profile/929148

Preprints.org (Wwww.preprints.org) | NOT PEER-REVIEWED | Posted: 9 February 2024 doi:10.20944/preprints202402.0586.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Bizon—UGYV for Airport Pavement Testing.
Mechanics and Control.

Marcin Chodnicki !, Mirostaw Nowakowski 1, Pawel Pietruszewski 1, Mariusz Wesolowski 2
and Stawomir Stepien 3*

1 Air Force Institute of Technology, Ksiecia Boleslawa St. 6, 01-494 Warsaw, Poland; marcin.chodnicki@itwl.pl;
miroslaw.nowakowski@itwl.pl; pawel.pietruszewski@itwl.pl

2 Military Institute of Armoured and Automotive Technology, Okuniewska 1, 05-070 Sulejowek, Poland;
mariusz.wesolowski@witpis.eu

3 Faculty of Control, Robotics and Electrical Engineering, Poznan University of Technology, Piotrowo 3a, 60-965
Poznan, Poland

* Correspondence: slawomir.stepien@put.poznan.pl

Abstract: In the paper, a study of the performance of unmanned ground vehicle (UGV), establishes numerical
simulation model of the chassis system by three-dimensional software and finite element analysis software.
Based on the numerical modelling and analysis, the work focuses on study of the strength and stiffness of the
vehicle's chassis and researched the distribution of stress and deformation under the extremal condition. The
paper also presents an autopilot design with new cascade control system for an autonomous motion of an
unmanned ground vehicle based on Proportional-Integral-Derivative (PID) and Feed-Forward (FF) control. The
PID-FF controller is a part of dedicated for presented UGV used in a hybrid control system for precise control
and stabilization, necessary to increase the vehicle motion stability and maneuvers precision. The hybrid PID-
FF control system proposed for the ground vehicle model gives a satisfactory quality of control, while
maintaining the simplicity of the control system. Presented tests performed in area of mechanical design and
control analysis gives good results and proves usefulness of designed unmanned device.

Keywords: finite element method; mechanical stress and deformation; airport pavement; unmanned
ground vehicle; autopilot; proportional-integral-derivative control; feedforward control;

1. Introduction

The use of autonomous robotic systems such Autonomous Unmanned Ground Vehicles (UGV)
in the military world has increased, especially for air and land forces. UGV integrate modern
technology into civil or military units, by sensing the environment through remote management or
by means of sensor systems, and performing basic tasks within the scope of the requirements.
Autonomous UGVs, which are available in different sizes and configurations for different needs,
have gained qualities that can fulfill many tasks. One of these is airport industry and airport
technology (e.g., surface imaging, defects detection, pavement testing, surface assessment etc.), the
incorporation of new, hi-tech platforms is constantly growing in civil and military engineering
research [1,2,5]. Engineers still planning to target the airport industry as a commercial market for
unmanned ground vehicle (UGV) system, especially dedicated for pavement testing and surface
assessment [3,4]. Routine inspection and maintenance of pavement surface is of utmost importance,
especially in runway strips designed for take-off and landing of aircrafts at significantly higher
speeds.

Airport UGVs should ensure a precise assessment of the load-bearing capacity of natural airport
surfaces in a continuous way. This specific type of surface occurs at airports and airstrips for private,
civil and military use [23].

Natural airport surfaces share one goal: minimization of the negative impacts when an aircraft
uses an Airport Functional Element (AFE). Therefore, there is an urgent need to design and
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implement an autonomous, unmanned measuring device that will continuously determine the load
capacity of natural airport surfaces, and thus increase the safety of flight operations [21]. A thorough
review of some of the existing strategies for pothole detection along highways was conducted by
[16,20]. There are four types for sensor modalities — vibration-based, vision-based, thermography-
based, and LiDAR-based — to acquire data for pavement inspection. In case of vibration-based
methods, authors of work [19] developed a specialized data acquisition hardware mounted on a
vehicle for conducting preliminary evaluation of pavement conditions related to potential cracks
along pavement surfaces. Also in [17], researchers developed a Pothole Patrol method for detecting
and reporting surface conditions of runaways. In the vision-based area for pothole detection, the
work [15] proposed an unsupervised vision-based method for pothole detection, without any
requirement for additional filtering or training, moreover the authors of [18] proposed an algorithm
for pothole detection using stereo-vision.

The paper proposes a new hi-tech UGV called BIZON as an autonomous measuring platform to
determine load bearing capacity of natural airport runway pavements and pavement layers from
unbound mixtures. Figure 1 shows UGV BIZON views.

b A

(@) N (b)

Figure 1. BIZON - unmanned ground platform view, (a) front view, (b) rear view.

The vehicle dedicated to pavement measure of natural airport surfaces using three-wheeled
mechanical system. The system consists of one measuring wheel that immerse in the ground pushing
for a few centimeters groove with controlled hydraulic pressure. The pressure is scaled in a pavement
ratio. Another two wheels are used as measuring guide wheels and they work within much lower
pressure value.

The measuring system is rigidly coupled with the BIZON platform chassis, thus very important
from the control and navigation point of view is that the navigation algorithms have been
supplemented with software mechanisms to protect a failure of the measurement system during the
planned mission. Shortly, the software elements performs a continuous analysis of the measuring
wheels actual position by linear encoders inbuilt to hydraulic actuators and the current cruise
deviation generated by the control systems. In specific conditions, the measuring wheels are raised
up on command of the mission plan operator's, sometimes caused by the vehicle stop.

The platform also equipped with BZYG - unmanned aerial device, allows the introduction to the
geotechnical industry of an innovative method which will be significantly better than currently
available methods. The result of the study of the state of the art and analysis of solutions offered by
competing entities showed a lack of a product with similar features and functionalities on a global
scale.

The state-of-the-art analysis for UGV modelling, control and applications provides a wide
spectrum of approaches, both model-free and model-based [22]. In this paper and research, using the
advantages of both, we proposed a hybrid method, in which the proportional-integral-derivative
with feedforward, shortly writing PID-FF control technique is used to control the UGV’s position and
speed, while the suitable introduced FF component will increase the precision level in tracking the
UGV. The novelty and added value of our work is the development of an original autopilot
conception based on cascade hybrid PID-FF equipped with saturation and filtering subsystem, as
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well as comparative simulation tests for the problem of stabilization of the device orientation and
position.

The paper is organized as follows: In Section 2 the ground vehicle mechanics model with strain
simulations is presented. Section 3 contains a description of UGV model considering non-holonomic
constraints and autopilot design. UGV used in simulation experiments, their comprehensive report
and analysis, one may find also in Section 3. Finally, the conclusion is drawn in Section 4.

2. Mechanical Design and Analysis
2.1. Methodology

Nowadays, there is many software packages to analyze and simulate real engineering problems
that are well known under the term, Computer Aided Engineering (CAE). The stress and strains
distribution, deformations and displacements of the mechanical system can be obtained using
SOLIDWORKS Simulation software module. The module is a good tool for solving mentioned
problems through the application of Finite Elements Method (FEM) [7]. It is well known that FEM
consists of a numerical technique to find solutions, where distributed model of the system is
described by Partial Differential Equations (PDE). In other, FEM is a method for dividing up a very
complicated problem into small elements that can be solved in relation to each other. The main
features of FEA method are the entire solution domain is divided into small finite segments and over
each element the behavior is described by the displacement of the elements and the material law. All
elements are assembled together and the requirement of continuity and equilibrium are satisfied
between neighboring elements while provided that the boundary conditions of the actual problem a
satisfied a unique solution can be obtained to the overall system of algebra equation with large and
sparse matrices [6].

In recent years the finite element method has been applied to mechanics problems other than
those of structural analysis, i.e., fluid flow and thermal analysis. It has been extended to permit the
solution of nonlinear as well as linear problems, those of large deformation geometric nonlinearity
and/or material property nonlinearity, for example. It is hard to think of any field in which finite
elements are not extensively used to provide answers to problems which would have been unsolvable
only a few years ago [6,7].

Briefly describing, the equations in discrete form of the FEM approach are generated from the
Galerkin form [8-9]

f (V.6u)TDV,udQ — f (5u)"bdQ — f (6w)tdr = 0 )
Q Q It

where b is the vector of external body forces, D is a symmetric positive-definite matrix of material
constants, t is the prescribed traction vector on the natural boundary T, u is trial functions, éu is test
functions and Vg 6u is the symmetric gradient of the displacement field.

The approach uses the following trial and test functions

uh(x) = I, N;(0d; and 6" (%) = B, N;(x)8d, @)

where 1 is the number of the nodal variables of the element, d; is the nodal displacement vector and
N;(x) is the shape function matrix.

By substituting the approximations, u"(x) and du”(x), into the weak form and invoking the
arbitrariness of virtual nodal displacements, equation (1) yields the standard discretized algebraic
equation system

Kd=f 3)

where K is the stiffness matrix; f is the element force vector that are assembled with entries of

K = f B!DB;dQ 4)
Q
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and
f, = f N;(x)bdQ + f N7 (x)tdl )
a Ie
with the strain gradient matrix
B;(x) = V,N;(x) (6)

where integrations (4) and (5) are performed for assumed finite elements with defined interpolation
functions, which define the variation of the displacement matrix within the element and on its
surface. Since the displacement vector u must be continuous over the entire region, it follows that the
displacements at the common nodes of the internal element boundary of two adjoining elements
must be the same and that the functional representations of the displacements over the common
boundary must be identical [6,8].

2.2. Numerical Analysis

The main mechanical part of the platform is chassis. The UGV platform chassis works under
vertical forces from a two packs of power batteries and hydraulic devices used in the vehicle as a
power control system for measuring actuators.

With this assumption the analysis is based on models developed in SolidWorks software
package for the stress and deformation computations with the mesh based on tetrahedral elements
[7]. Figure 2 shows chassis geometry, where each part is made from steel. Figure 3 shows meshes of
mentioned platform chassis component.

Figure 2. Platform chassis geometry.

Figure 3. Mesh of the chassis.

For the analysis purpose, an upper vertical load is examined computing chassis deformation and
stress. Static simulations are performed for the force that acts on chassis upper elements. Simulations
consisted of finding deformations and stress for the force push F=3000kG as shown in figure 4.
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Figure 4. Platform chassis deformation.

Static analysis performed for each above mentioned case, shows how working forces exciting
stress and deformation of analyzed chassis components and indicates areas where the
deformation/displacement is most dangerous.

Considering static displacement computation for 3000kg load (presented at Figure 4), as shown,
maximum value of displacement is only 2.65-107°> mm. It means that the construction strongly
satisfies its performance.

Another important element of the mobile platform, a set of actuators with fixed beam is
examined. The set of actuators creates a platform measuring system for airport pavement testing.
Geometry of the subsystem is shown in Figure 5.

'/ : l/-
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Figure 5. Geometry of the measuring system.

The element is very important from the mechanical point of view, because during measurement
process the middle hydraulic actuator works with big pressure conditions. The pressure in the
actuator reaches 160 bar, but another actuators works also with about 10% of this value. Deformation
of applied actuators with mounting beam and fork as wheel support system shows Figure 6.

ks G

vates

a)

Figure 6. Deformation results: a) actuators-beam, b) fork of wheel system.
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The result of simulation using SolidWorks software package is shown in Figure 6. Considering
static displacement computation for extremal forces working on analyzed beam (left side) shows that
maximum value of displacement is equal only 0.56 mm. In case of the fork of wheeled measuring
system (right side), the value of maximum displacement is significantly lower and results only about
0.0086 mm. It means that the construction of the measuring system is well designed and can be
applied to use in designed UGV platform.

3. Modelling and Control

Small tracked vehicle models [10-12] can be approached by differential two-wheeled mobile
platforms. A characteristic feature of a two-wheeled vehicle is that it has only two points of contact
to the surface. When neglect the slip of the tracks phenomena, then a perfect contact to the ground is
achieved. Transformation from tracked vehicle model to the wheeled model is commonly obtained
by the virtual wheel method [1,5,12]. Tracked mobile platform approximation employing wheeled
platform model with differential drive is simple, more universal and very useful from a control point
of view.

3.1. Mathematical Model

As shown in Figure 7, the model of the Bizon platform can be described considering generalized
coordinates q(t) = [*c Yc 0, 0;]" inglobal reference frame XY. The body frame origin lies in the
center of mass CoM, where a pair (x.,y.) describes the CoM position, (0,,0,) are angles of right
and left wheels and v is the platform heading angle.

Z
Z

Figure 7. Mobile platform model. Differential wheels approach
As described in [22], the mobile platform dynamics can be represented by following motion
equation considering friction, Coriolis and centrifugal forces but also non-holonomic constraints:

M(q)d + Bq + C(q, @) + AT(@)A(t) = ET(t). @)
In Equation (7) M(q) is a mass and inertia matrix, C(q, q) is a Coriolis and centrifugal vector
Myerd Myerd
my + 2m,,; 0 _Ttsﬂb T[SI!’ "
0 my +2my,  mwed L muerd [—2mup?ed]
M(q) = My¢rd Mmyerd b b 4 C(q! q) = _Zthlpzsw g
B sy b cp M33 Mgy 0
Dwtrd gy Tt ) Mgz Myy 0

b b

where m,, is the mass of platform base , m,,, is the mass of wheels with track, r is the substitute
wheel radius, I,,, is the base moment of inertia, I,,,, and I,,, are moments related to the wheels,
b is the platform width and d is the distance between center of mass and wheels axis. Mass
coefficients ms3, ms,, Mmy3, My, are defined as follows:

msz = rz(zmw[bz + dz] + 1, + lezw)/(4b2) + IyyWI

M3y = _"'2(277’lw[b2 + dz] + Izzb + ZIZZW)/(4b2)r

My3 = M3y,

Myq = r2(2my, [b% + d?] + Ly + 21,5,)/(4D%) + Ly
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Another matrices in (7) denotes: A(q) is a constraints matrix, B is a friction coefficients matrix
and E is a matrix related to the wheels torques

00 by 0 0 0
V= =syp I I} 1 of 0 0 by O0F
0 1 0 0 0 by,

where by,, b,, are coefficients related to the linear motion and bs3, by, are coefficients related to
angular speed. Matrix S(q) is introduced to omit constraints of the mobile vehicle and performs
A(q)S(q) = 0. The S(q) matrix has a following form

T T
2V Y
T T
S(q) =[35¥ 35¥| where sy = siny and ¢y = cos.
1 0
lo 11
Multiplying Equation (7) by S”(q)
sT(M(q)g +S"(q)Bq + S"(q)C(q, @) = () ®)
and introducing wheels speed v =[8, ,]”, the platform coordinates first derivation is
q=S(qv )
and second derivation
d = S(q)v + sv(q). (10)

Finally, respecting (9) and (8), a one global state-space affine system of equation describes the
platform dynamics

[3] = [—(STMS)—l[(sTMSSv + STBS)v + sTc]] + [(smf[)s)—l] ©(®) (1)

or in form

Sv ]’ (12)

q
[V] - [(STMS)‘l( t(t) — (STBS + STMS)v — STC)

where t(t) = [7r Ti]" is an input torque vector.

3.2. Control System and Autopilot Design

The autopilot for the UGV Bizon [24,25] is depicted in Figure 8. The main purpose is to follow
reference trajectory or path and speed commands issued in the path planner.

AUTOPILOT
u
X it \f’ ref ‘F u w
PATH |V, .| PATH PIDEF MIXER
PLANNER [y, | CONVERTER | CONTROLLER | Uiy o e
; i
UGV Bizon
L

i i feedback

Figure 8. The autopilot design.

The structure consists of a path planner, reference path (reference motional position) and speed
converter, feedback loop controller of the heading angle ¢ rate and wheel torques based on PID
technique. The autopilot also includes the FF - feedforward component and a reference model that
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specifies the desired response to a step command. Finally, the turn angle and wheels torque signals
are fed to the mixer that converts it to the right and left wheel torque or speed scaled in domain of
inverter frequency.

In general, based on introduced waypoints and current platform position, the autopilot
determines trajectory in two modes: with and without tightening (a special function to obtain better
accuracy of mission, it means tightening to reference trajectory minimizing tracking error). When the
tightening function is off, only actual position and reference position is considered in the control
process. When the tightening mode is on, the additionally a cross-track error XTE is considered as
function of the distance from reference trajectory, in this case the line between two waypoints. A sum
of the position error and XTE is considered to determine motion trajectory and heading angle of the
platform. In case of the very slow platform speed, the motion trajectory computation is problematic
and inaccurate.

As shown in Figure 8, one of the simplified module that includes in the autopilot structure is
PID and FF controller. PID controller performs UGV control and stabilization in the context of
heading angle 1), additionally equipped in FF component to get its quick and rapid response due to
the reference values. Figure 9 shows the structure of the PID-FF controller and explains its role in the
control system.

FF
* u
e + ¥
Y. PID >
+ sat
7
Tref “ T
SF />
sat
PID+FF controller

Figure 9. The PID-FF controller.

PID control respectively stands for proportional, integral and derivative control and is the most
commonly used control technique in industry [13,14]. It works in the closed-loop configuration to
minimize control error e. Feedforward control FF is a strategy to reject persistent disturbances from
Yrer that cannot adequately be rejected with feedback PID control. Feedforward control is added to
feedback control and is not implemented alone. In this situations, the performance of control systems
can be enhanced greatly by the application of feedforward control. The output of a PID-FF controller
is calculated in the time domain from the feedback heading angle and its reference error as follows:

d
uy = sat {kpe + k; [ edt + kp 5o +Kprrefs U mins Upmax ) (13)

where kp, k;, kp are proportional, integral, derivative gains, and kpr is feed forward gain as
compromise between reference and process gains.

In case when feedback control does not provide predictive control action to compensate for the
effects of known or measurable disturbances, then feedforward controllers are capable of achieving
perfect control if they are of course physically realizable. However, to make effective use of
feedforward control, at least an approximate process model should be available. In particular, it is
important to know how the controlled variable responds to changes in both the disturbance and
manipulated variables. Hence, the quality of feedforward control depends on the accuracy of the
plant model. Working together with feedback PID controller, with good UGV dynamics modelling
or approximation, may chance to be very useful and effective controller.

The PID-FF controller output, must be bounded implementing subsystems that introduces
saturation, because of the stability problem. In practice, it is obvious, that all quantities has upper and
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lower limit. In addition to improve the disturbance rejection task, a dedicated low pass filter LPF is
desirable.

As shown in Figure 9, the wheels torque is only scaled and limited by saturation subsystem,
commonly due to range of drive converter frequency. Then merging u; within the turn control
signal uy, in mixer, the controller allows to output left and right wheel control signals u;y, and ugy,
(Figure 8).

3.3. Experiment and Measurement

To demonstrate effectiveness and usefulness of proposed unmanned device in the context of
trajectory tracking by autopilot and drives, as well as designed mechanics, the mobile robotic
platform BIZON was tested in real working condition on the airport board.

Figure 10. UGV BIZON on the airport board.

To check a correctness of the mechanics and control system of the device, a waypoint trajectory
was applied on autopilot and tested considering two cases:

a) typical PID-FF trajectory control,
b) the PID-FF with tightening to the trajectory.

Realized trajectory was compared to simulation of the vehicle behavior considering model (11)
—(12) and control law (13). The most important BIZON parameters are presented in Table 1. Included
parameters are defined in chapter 3, which describes modelling and control technique.

Table 1. BIZON parameters.

Parameter Value [quantity]
my 2000 [kg]
My 200 [kg]

r 0,6 [m]

d 0,5 [m]
L 21,2 [kg.m?]
Lw 0,02 [kg.m?]
Lyyy 0,27 [kg.m?]

Reference trajectory data was inserted to the autopilot as a waypoints. This way lines that
connects inserted via points defines a trajectory. For the purpose, using the GNSS RTK module
mounted in the robotic platform, determined its geographic coordinates. The coordinates are
presented in Table 2.
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Table 2. Trajectory coordinates.
Point Geographic coordinates Distance between Heading angle

nr Latitude Longitude via points [m] [’

1 52,44985032 20,67386627 - 63,2

2 52,45006937 20,67457438 54,4 151,0

3 52,44984705 20,67477822 28,6 248,6

4 52,44968031 20,67408085 51,0 140,7

5 52,44956840 20,67423340 16,5

The data can be also stored in the Remote Control Station (RCS) to the moment, when the radio
wireless connection works. Autopilot connecting with the RCS has implemented a special diagnostic
algorithm to check the automatic control mode (full autonomy mode) performance. In critical
situations, the algorithm may not allow to work in full automatic mode, then a check list of failures
and inefficient elements is generated.

Before experiment, the trajectory coordinates was introduced to the platform device via special
software package of RCS and visualized using Google Earth tool. Visualization is presented in Figure
11 a) and Figure 11 b).

Figure 11. Reference waypoint trajectory.

Firstly, the simulations of the control system and waypoint trajectory realization was examined.
For the tests purpose, the device model described in subsection 3.1 was considered. The device model
was started from point no. 1 with assumed zero initial position and zero initial speed: q(0) =
[0 0 0 0]"Tand q(0)=[0 0 0 0]". At each waypoint the initials was zeroing whole the all
tracking process.

Result of numerical simulations are presented in Figure 12.

20,6748 =
3
* waypionts

08747 | jassic PID-FF

N

20,6746 | —fightening mode

20.6745

20.6744

20.6743

20.6742

Longitude

starting point
. 4

'

20674
20.6738 - =
s 1
I I

52.4498 52.4499 52.45
Latitude

20.6741

206738
52.

|
4495 52.4496 52.4497 52.4501
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Figure 12. Simulation result of performed trajectory.

Defined waypoint trajectory, shown in Figure 11, was realized by the mobile platform with
desired cruise speed 5 km/h. The tightening function was also activated to compare with classic PID-

FF control. Figure 13 shows trajectory performance by UGV when tightening function was
deactivated.

Figure 13. UGV trajectory without tightening.

Figure 14 shows realized waypoint trajectory by UGV with activated tightening function.

Figure 14. UGV trajectory with tightening.

For better visualizing, realized cases can be compared and shown at one common picture. Figure
15 presents the two cases: PID-FF and PID-FF with activated tightening function. The difference is
clearly visible.

Figure 15. Trajectories comparison.
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The PID-FF-based control algorithm allows UGV to realize path designated by trajectory via
points, also called waypoints. This way the course path consists of line sections that connects
indicated waypoints. Hence, basing on the current platform position, the platform moves to the
destination point (waypoint) with desired driving course obtained from heading angle computation.
It means, that in results the platform does not realizes course by the line between waypoints, but only
next to or along it. The situation is different when tightening function is activated. Then, having actual
platform position and orientation i.e. distance between platform to path line, a course correction is
computed and added to control. This way, the platform can move exactly along line section
determined from two indicated waypoints.

Performed tests proved usefulness and effectiveness of implemented control and navigation
algorithms in autopilot subsystem. Considering RTK correction in the navigation system GNSS
RTK/INS, the accuracy of tracking in the context of geographic coordination did not exclude 0,1 m,
but in case of relative position the accuracy was lower than 0,01 m. Neglecting the RTK correction,
the autopilot system realized trajectory with accuracy about 0,4 m.

Additionally, performing the waypoint trajectory, i.e. platform mission, an effectiveness and
correctness of software important elements were tested in the context of a failure of the measurement
system. When the platform works in the tightening mode, a huge values of the heading angle may
cause the platform stop and hide the measurement subsystem. To drop of the subsystem, a many
conditions must be performed. One of them is the value of heading angle error or cruise error, XTE
and finite time criteria related to performing trajectory.

4. Conclusions

Presented in this paper study of the performance of unmanned ground robotic device (in other
UGYV) shows performance of mechanical design. Numerical simulation of the chassis system and
pavement measurement subsystem by three-dimensional finite element analysis confirms the
strength and stiffness of the most important vehicle's mechanical parts and shows the distribution of
stress and deformation under the extremal condition.

The paper also presents an autopilot design based on Proportional-Integral-Derivative (PID) and
Feed-Forward (FF) control. Presented tests of the control system shows and confirms that precise
trajectory control works and gives a satisfactory quality.

Presented tests and measurements, prove that the mechanical design and control system works
and performs the objective respecting the precise tracking, speed control and positioning. The control
method due to the vehicle dynamics, seems to be promising method for airport or ground airstrip
analyzing or testing pavement.

The future work can be related to implementing a new control system based on suboptimal
techniques that increases autonomy of the vehicle related to our conception of the most autonomous
UGV BIZON. After implementation the new control, we plan to test the vehicle behavior at the airport
and compare its work due to actually implemented PID-FF control.
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