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Mobile Robot for Monitoring Park
Trees: Design and Modeling

One of the modern problems in the field of ecology is the creation of
environmentally friendly equipment for monitoring and maintaining
trees in parks and forests. The traditional use of forest machines and
self-propelled tractors with internal combustion engines has a
negative impact on the environment as a result of pollutant
emissions, ie., combustion products and fuel residues. An
alternative to this tradition can be the use of mobile robots with
remote control of their electric drives when performing such
technological operations as pruning bacterial growths of trees and
diagnosing the state of tree massifs. The article proposes a

fundamentally new mobile robot design for monitoring park trees.

The main differences between the robot are the new designs of the
body and the walking mechanisms of the mobile robot. These design
differences provide the robot with high maneuverability when
choosing the path of movement along the tree trunk and reliable
holding of the robot body on the tree at a sufficient movement speed
to perform diagnostics of the state of tree massifs. The article also
describes the dynamic models of the movement of a mobile robot
along a tree trunk. It presents the simulation results in the form of
graph-analytical dependencies of the robot parameters, which
constitutes the scientific aspect of the problem. The main motivation
of the conducted research is the creation of environmentally friendly
equipment in the form of a mobile robot with a reliable system of
retention on the surface moving and sufficient performance to
perform park tree monitoring operations.

Keywords: mobile robots, stepping mechanisms, climber robot, tree
diagnostics

1. INTRODUCTION

The use of mobile robots of arbitrary orientation in the
technological space, also known under the term Climber
Robot, is becoming more and more relevant. A
distinctive feature of this type of mobile robot is its
ability to overcome the gravitational load when moving
on surfaces of arbitrary orientation relative to the
horizon, including vertical surfaces. In particular, such
surfaces include tree trunks and their branches moving
along, which is necessary to perform various technolo—
gical operations due to the need for periodic monitoring
and maintenance of park and forest tracts of trees.
Mobile robots with an electromechanical drive and
autonomous power sources are a good alternative to
using automotive and tractor equipment with internal
combustion engines, which do not contribute to
environmental cleanliness. In addition, mobile robots of
arbitrary orientation in the technological space increase
the safety of servicing high-rise objects because they
exclude the direct participation of a person in the
performance of these operations, leaving the person
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(operator) only with remote control functions. However,
this type of mobile robot is at the initial stage of deve—
lopment in the form of prototypes. Therefore, the results
of the studies presented below should be relevant.

The article proposes a fundamentally new design
(Patent UA 126262) of a mobile robot for monitoring
park trees. The proposed method for calculating the
dynamic parameters of a mobile robot allow the tran—
sition to the direct design of prototypes of these robots.
The general scientific significance of the article lies in
the fact that, for the first time, a complete dynamic
model of the functioning of a mobile robot for moni—
toring and diagnosing the condition of trees is provided,
regardless of their species and topology.

2. PREREQUISITES AND MEANS FOR SOLVING
THE PROBLEM

Initially, we will consider the most promising technical
solutions for mobile robot prototypes that can move
through trees and other high-altitude objects. A mobile
robot [1] of the Boston Dynamics laboratory is known,
which has the ability to move not only through trees but
also along the walls of tall buildings. However, this
robot does not have a device for turning it to change the
route of movement, which significantly limits its
maneuverability. This shortcoming is compensated in
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the mobile robot [2] by using spring grips for coupling
with a tree trunk and a linear drive for opening the grips.
However, the deformation of the elastic elements of the
grips leads to an increase in the load of electric drives
and, as a result, to an increase in their power, which
does not contribute to a decrease in the gravitational
load of the mobile robot. To securely hold the robot on a
tree, it is preferable to use self-braking mechanisms, as
is done in a mobile robot [3]. Mobile robots for picking
nuts [4], robots for spraying pesticides [5], as well as
mobile robots [6] for moving through trees and
trimming their branches have an original design. But
these robots move only along smooth tree trunks, which
limits their maneuverability when moving between tree
branches. A known vehicle [7] is called a "caterpillar",
the body of which is made in the form of bellows with
gas. This robot has sufficient maneuverability but very
low load capacity and strength since the bellows is a
thin corrugated chamber. Of course, these publications
are of interest to engineers who create various designs
of mobile robots of arbitrary orientation to perform
special technological operations. However, in these
publications, there are no methods for calculating the
dynamic parameters of robots, which hinders their
optimal design.

In [8], a dynamic model for a robot with flat and
parallel pedipulators is proposed, which does not meet
the requirements for a mobile robot that operates in a
cylindrical coordinate system, which is typical of a tree
trunk. The study of the dynamics of the movement of a
mobile device along vertical ferrimagnetic surfaces is
described in [9]. Still, in this case, electromagnetic
gripping devices are used, which is unacceptable for
wooden surfaces. Noteworthy are the dynamic models
of anthropomorphic robots, the designs of which are
distinguished by the versatility of functions. So in [10],
a dynamic model of a walking robot is proposed, and in
[11], a hand control system for an anthropomorphic
robot is given. However, it is known that anthropo—
morphic structures, as a rule, are distinguished by the
complexity of devices and very high cost. Studies of the
Climbing Robot dynamics for moving along vertical flat
walls of houses are presented in [12]. Still, the topology
of tree surfaces radically differs from the surface of the
walls of house panels. Various designs of mobile robots
for vertical movement are proposed in [13]. However,
the designs of the gripping devices of these robots do
not satisfy the topology of tree trunks and branches. The
results of experimental studies [14] indicate the
possibility of using the reactive thrust of a pneumatic
generator to keep the robot on an arbitrary movement
surface. But the use of jet thrust in the crowns of
branches of park and forest trees is very problematic.

Original technical solutions are systems of adhesion
to the surface on which the robot moves, based on
hybrid statistical glue [15], as well as vacuum grippers
[16]. But these bonding systems are difficult to apply to
porous tree bark surfaces. This problem is partially
solved in [17, 18] based on the wheelbase of the
transmission of a mobile robot, as well as in [19] based
on a servo drive for moving along smooth tree trunks,
that is, without such obstacles as tree branches. An
original device for the maintenance of trees and shrubs
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was proposed in [20] but without a drive and trans—
mission for moving this device along vertical surfaces
or surfaces of arbitrary orientation. To move a similar
device for pruning shrubs, it was proposed to use a
special helicopter [21], which certainly increases the
economic costs of maintaining park arrays of trees. This
drawback can be compensated for by a technical
solution [22], which has manipulators to hold the robot
on a tree during its maintenance, but without automatic
control. A mobile robot [23] has the ability to move
between tree branches and collect seeds and leaves of
wild trees in the jungle, but this robot cannot perform
forceful operations, such as drilling a tree trunk to take
wood samples for laboratory analysis. A mobile robot
[24], due to the combination of a linear drive and a
current sensor, has the ability to adapt to the surface of a
tree trunk. Also, the original solutions of mobile robots
[25-27] for the maintenance of palm trees can be used
to monitor park trees, but without the technological load
when taking wood samples. In addition, in these
publications, there is no information about the dynamic
parameters of the transmission of robots. Dynamic
models of robots are presented in [28—30] but without
relatively mobile robots for servicing trees in parks and
forests. Studies [31] are of interest from the point of
view of optimal control of anthropomorphic devices.
The article [32] proposes the walking mechanisms of a
miniature robot based on biological systems with two
principles of movement with the help of legs. It is
shown that with the help of modern software engi—
neering, bionics can become an effective tool. These
technical solutions could be adapted to the monitoring
conditions of various objects.

Based on the above analysis of publications, it can
be argued that the tasks of studying the dynamics of the
movement of a mobile robot for monitoring the condi—
tion of trees and ensuring its reliable movement along
tree trunks remain relevant.

3. FORMULATION OF THE PROBLEM

Despite the many original designs of mobile robots of
arbitrary orientation, there are still no dynamic models
of robots for monitoring parks and forest trees. The
absence of a method for dynamic analysis of this type of
robot prevents the design of their functional devices in
terms of systems for reliable adhesion to the surface of
trees and devices that provide maneuverability of the
robot when changing its orientation. Therefore, it is
necessary to create a mobile robot design that can hold
onto an arbitrary surface of movement in case of an
emergency shutdown of the autonomous power sources
of its drives. This problem can be solved by using a self-
braking transmission of the robot and calculating the
allowable dynamic loads, which are proposed below.

4. SOLUTION OF THE PROBLEM UNDER
CONSIDERATION

The technical novelty of the proposed technical solu—
tions lies in a fundamentally new design of a mobile
robot [33], and the scientific novelty is displayed by the
presented dynamic models with an illustration of
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graphical and analytical dependencies for calculating
the parameters and modeling the specified robot. The
main motivation of this study is the creation of a mobile
robot that has a higher reliability of keeping on a tree
trunk and maneuverability when performing tree moni—
toring operations of arbitrary topology. For a better
understanding of the dynamic models of the robot, we
first consider its design and principle of operation.

4.1 Walking robot design

Figure 1 shows the construction of a mobile robot. The
robot body is assembled from separate rings that contact
each other along spherical surfaces with a radius R. The
robot body rings are pulled into a package by a
mechanical spring, the ends of which are fixed on cover
1 and cover 2. Thus, the robot body is a flexible
package of spherical rings. A cable is provided to bend
the robot body in a vertical plane, which is wound on a
pulley mounted on cover 2 and driven by an electric
motor. The ends of the specified cable are fixed in
clamps that are installed on cover 1. The cable has two
branches, "G" and "H". Depending on the reversal of the
electric motor. Hence, in the direction of the pulley's
rotation, the robot's body bends up or down according to
a given control program. The robot's body bending in
the horizontal plane is determined by the combinations
of adhesion to the surface of the tree trunk of
mechanical grippers C, D, F, and E, as shown below in
the text of the article.

Camc

Elastic
compensator

Figure 1. Mobile robot in section %4

These mechanical grippers have claws for gripping
the surface of a tree trunk. Cover 1 has a video camera
for video filming of the tree crown and a drill bit (see
Figure 4) for taking laboratory samples of the state of
the tree trunk or branch.

Figure 2 shows the design of the mechanical gripper
drive to move the robot and hold it on the tree trunk.
The telescopic arm, on which, for example, grip "C" is
fixed, has a screw gear driven by engine 1 and moves in
the guide mechanism by the amount of travel step x2 of
grip "C" (or x1 for grip "D"). In addition, a splined shaft
driven by engine 2 is installed on fixed consoles.

This splined shaft, when engine 2 is turned on,
informs the lever that is mounted on it of angular move—
ment. This reversible angular movement is transmitted
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via an axle in the lever slot to a telescopic lever with a
mechanical grip "C". Thus, the claws of mechanical
grippers enter the tree trunk and exit the surface of the
trunk. All other drives of mechanical grippers D, F, and
E are arranged similarly.

Ring

Engine 1
Guide mechanism

Figure 2. Drive design of mechanical grippers C, D, F, and
E with claws for gripping the robot with a tree trunk or
branches (Fragment "B" see Figure 1)

Figure 3 shows a cross-section of the robot body in
plane A—A (see Figure 1). As noted above, the lever,
which is mounted on the splined shaft, depending on the
direction of the engine 2 reverse (see also Figure 2)
performs an angular movement and through the axis in
the groove of this lever transmits the angular movement
to the telescopic lever with a mechanical grip "C"
(similarly for other grips D, F and E). The ratio of these
angular movements depends on the ratio of the dimen-
sions L and 1 of the telescopic lever. So, for example, if
L/1 >1, then there is a force multiplication for softwood
species, and with a ratio L/l < 1, there is a reduction in
the entry force of the gripper claws for hardwood
species.

I

Figure 3. Cross section of the robot body in plane A-A (see
Figure 1)

Figure 4 shows examples of scenes of the movement
of a mobile robot along a tree trunk or its large branch.
Figures 4(a) and 4(b) show that the robot can move in a
straight line or turn left or right by bending its body.
The combinatorics of these movements is determined
either by remote radio control commands or by a pre-
compiled automatic control program. In the latter case,
it is necessary to install optical or tactile sensors on the
robot's body to detect obstacles to its movement.
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Drilling tool

Figure 4. Scenes of the movement of a mobile robot along
a tree trunk: a — the rectilinear movement of the robot; b —
rotation of the robot when changing the movement route; ¢
- taking laboratory samples of wood with a drill tool.

4.2 Algorithm of robot movement

The movement program algorithm depends on the peri—
odic activation of engines 1 and 2 (see also Figure 2)
and the state of engagement of the claws of mechanical
grippers C, D, F, and E. This algorithm is detailed (at
each movement step) in Table 1 below. As can be seen
from Table 1, rectilinear vertical movement (see steps 1,
2, 3), as well as left and right turns of the robot (see
steps 4 and 5) in the horizontal plane of motion, are
determined by the combination of switching on the
gripper drives C, D, F, and E.

Bending the robot body up or down in the vertical
plane of movement is performed by reversing the tether
drive motor, shown in Figure 1 (see above).

Table 1. Algorithm of robot movement and combinatorics
of grips C, D, F, and E

Position of the robot

. State of capture
(plan view)

0| Moving stage

Mechanical grip D and F are
engaged with a displacement
surface. Mechanical grip C
and E are free from clutch
(see Fig. 1). The robot body
is back to the right due to the
action of forces Py and P,
respectively, after engine 1
reverse (Fig. 2) and of Screw
drive of grippers D and F.

Bending of the
body of robot
on the right

W
o

Mechanical grip C and E are
engaged with a displacement
surface. Mechanical grip D
and F are free. The robot body
is turn left due to action forces
P_and P, respectively,

when turning on of Engine 1
(see Fig. 2) and of Screw drive|
of grippers C and E.

Bending of the
body of robot
on the left

Mechanical grip C and E are
engaged with a displacement
surface. Mechanical grip D
and F are free from clutch.
The body of the robot moved
at a distance S as a result
inclusion of Engine 1

(see Fig. 2) and of Screw drive|
S, of grippers D and F.

Completion
the second
step S,

w

Mechanical grip D and F
attached to the surface

with a displacement surface.
Mechanical grip C and E

are free from clutch due to
revers engine 2 .

The body of the robot moved
atadistance S, as aresult
inclusion of Engine 1

(see Fig. 2) and of Screw drive|
of grippers C and E.

Completion
the first
step S,

&)

Mechanical grip C and E
attached to the surface
displacement due to

turning on Engine 2

and return of Splined shaft
(see Fig. 2). Mechanical grip
D and F are free from coupling

Starting
position

The combination of bends in the body of the mobile
robot in various directions ensures the high maneuve—
rability of the robot when bypassing various obstacles.
The presence of self-braking screw gears in drives C, D,
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F, and E (see Figure 2) ensures that the robot is kept on
the tree surface in the event of an emergency shutdown
of power supply sources for electric motors. The latter
property increases the reliability of the functioning of a
mobile robot of arbitrary orientation in emergencies.

5. SIMULATION OF THE FUNCTIONING OF A
WALKING ROBOT

To be able to study a walking mobile robot for moni—
toring park trees, it is necessary to develop its dynamic
model. Below is the dynamic model of the robot's
movement, as well as graphs of changes in kinematic
characteristics and the first created analytical formulas
for calculating the grip force of the robot with the tree
surface and ensuring the state of stability of the mobile
robot on the tree.

Dynamic model of robot movement

To describe the movement of the robot, we will use the
Lagrange equation of the second kind

d|( oT oT
Rl S T L Y 1
d’[aqz} [5%‘} Cai- ! M

where &k — is the number of degrees of freedom of the
mechanical system; ¢g; — generalized coordinates; ¢; —

generalized speeds; 7(g;,q;) — kinetic energy of the

mechanical system, which is a function of generalized
coordinates and generalized velocities; Oy is the

generalized force corresponding to the generalized
coordinate ¢;. In this case, the system has two degrees of
freedom (we assume that the legs free from coupling
with the tree move synchronously). For the generalized
coordinates, we will choose the translational movement
of the robot body ¢; = x; and the translational movement
of each free leg relative to the body ¢, = x,. Accordingly
X1, %, — generalized speeds. Then the expression for the

kinetic energy T of the body will have the form

2 - 2
mkV my (xl)
T = ee— D e— N 2
13 > 2 @
and the kinetic energy T1 of one free leg can be found
using the formula
. .2
r=mitnl G
2
where my is the mass of the robot body, m, is the mass
of the leg. The total kinetic energy T of the mechanism
is equal to

+my () + 1) )

2 N2
T =T, +2T, =—mk(2xl)

Let's find the partial derivatives of the kinetic energy
included in equation (1)

a_—T = myxy +2my (% + %, ); a—T =2my (X + X,);
X 0xy

1
5
or_or ©
8x1 6x2 '
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Let's calculate more complete time derivatives:

d [a—T] = mk)'él +2m1 ()C] +X2),

dr\ oy
d|oT ©
—| — | =2m (3] + X,).
7 ( 8)&2} 1 (% +%2)
Generalized forces qu_ can be found using the general
formula
5Aqi
0 =5 @
1

where J,. — is the possible increase of th <<e
generalized coordinate; 5A, — the possible work of the

forces acting on the mechanical system on the
corresponding possible displacement.
In this case, we will provide a possible increase

J,, in the movement of the robot body x;. As a result,

we obtain a possible increase in the angle of rotation of
the screw 5¢ = 27r5x1 /s, at which moment M, of the

screw gear drive performs work. Also, perform the
possible work of the force of the weight of the robot:

2M,i

54, =( I 27— (my, +2m1)g)5x1 ®)
S

where s — is the thread pitch of the screw, acceleration

of free fall g=9.81 m/s’. Therefore, the generalized force

will be equal to

0, - (“Ml” ~(my +2m1)g] ©)

S

Let's give a possible increase to the movement of the
leg by x,. As a result, the possible gain &, = 2zzé‘x2 /s (i
— the transmission ratio of the screw gear) and the angle
during the reverse rotation of the screw, to which the
moment M; is applied, will be obtained. It is at this
increment that the moment M3 will perform the possible
work 6A,, =27rMyidxy /s, and the generalized force

will be equal to

Quy =47 M3i/s—2m g (10)

Substitute the found expressions of derivative and
generalized forces into expression (1) and, after some
simplifications, obtain the differential equations of mo—
tion of the robot on the first part of the cycle of the
robot's movement

my X, +2m (X, +xy) =

4z M, i
= —(my +2m)g |; (1)

N

2m (X, +%,) =4xMsi/s—2mg.
The differential equations of the robot's motion on

the second part of the cycle of the robot's movement
will be similar to (11). The system of differential
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equations was solved under the initial conditions: =0,
x1:x2:0, ).Cl = Vl . X2 = Vz:

x (1) = Vit + A% % (1) = Vs (1) + B (12)
iy () = V] +2A4t; 55 (1) = Vo +2Bt

where indicated:

_ArMsils—2mg

b
2
47Z'M1i/s—(mk+2m1)g
a =
2
A:a—b;B: b 4
my, 2my

The results of the calculations are given below in the
Results section.

Determining the force of adhesion of the robot
to the surface tree

Figure 5 shows the diagram of the interaction of the
drive lever with the gripping device with claws, on
which the driving torque M, acts. We assume that the
lengths L and / of the arms of the telescopic lever, the
distance H between the axes of the levers, as well as the
angle of inclination of the driving lever —/8 < y < /8,
are known; (-22,5° < y < 22,5°). Based on the theorem
of cosines, we find the length of the segment BC (Figure
5)if:

> =H*+BC*-2HxBCcosy

then from here, we get the formula for calculating the
segment BC:

BCZHCOS}/—QNZ—(HSin]/)Z (13)

Using the theorem of sines, we find the angle of
inclination of the robot's leg

@ = arcsin (@j (14)

Telescopic
lever

Figure 5. Diagram of the legs of a mobile robot
The force P depends on the value of the driving tor—
que M,:
Moi
p=—2
BC

(15)
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and the force O, which sinks the claws of the gripping
device into the tree, is found from the condition of
equilibrium of the robot's legs Plcos(p+y) — QL = 0.

Hence, taking into account (15), we obtain the force
of adhesion of one leg of the robot to the surface tree

Ml
= + 16
0] LXBCCOS((D }/) (16)
where the cosine value is calculated using the formula
(0+7) H® -1 - BC?
cos U —
vy 2IBC

Stability condition of a mobile robot.

This condition ensures the reliability of holding the
mobile robot on the tree trunk. When performing a
technological operation, the robot is attached to the tree
trunk with the claws of all four legs of the robot, each of
which is pressed by the force Q. In addition, an addi—
tional technological force 73 will act on the robot, which
tries to tear the robot away from the tree, for example,
the force of a drill bit or the force of cutting branch
trees, and the like. Therefore, the stability condition of a
mobile robot on a tree can be written as follows:

_ 0L, >k, (17)
T3 (L +Ly)

where k. is the stability margin factor; 73 — is techno—
logical force; L, is the distance from the point of force
application 73 to the nearest gripping device; L, is the
center-to-center distance between the gripping devices
of the robot. Thus, to ensure reliable maintenance of the
mobile robot on the tree, the following condition must
be met:

20L,

T, < ——2—
(L, +Ly)k,

(18)

5.4. Analysis of simulation results

On the basis of the dynamic model of the robot, the
simulation results are obtained in the form of graphical-
analytical dependencies. The calculations were made
with the following values of the parameters of the
mobile robot: the mass of the robot body m,=8 kg; the
mass of one leg of the robot m;=m,/4; robot movement
step S = 0.025 m; thread pitch of the screw mechanism
(see Figure 2) s = 0.002 m; the gear ratio of the screw
mechanism i = 2. Figure 6 shows the dependencies of
the magnitude of the movements of the body and legs of
the mobile robot in time.

As can be seen from the presented graphs, with a
decrease in the torques of the direct-acting screw drive
motors M, and reverse M;, the robot travels the same
path for a longer period of time, which is natural, beca—
use with a decrease in torque, the work performed by
the torque also decreases. In the general case, if in one
revolution of the screw gear, the moment performs work

Al :27Z'M1ikc (19)
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Figure 6. Graphs of movements of the body x1(t) and free
legs x2(t) of the mobile robot: a — when M1=0,363 Nm,
M3=0,215 Nm; b — when M1=0,059 Nm, M3=0,033 Nm

where i — is the gear ratio of the screw gear; k. — is the
efficiency factor; 2z — is the angle of rotation of the
screw, then, accordingly, the weight force G, of the
robot also performs work, namely:

AZ = _Gmaxs (20)
where s — is the screw pitch. According to the classical
principle of possible movements, the sum of works
should be equal to zero, that is:

2xMyik, = Gy S- (21)
From relation (21), it seems possible to determine the
load force of a mobile robot for any weight

G _ 27Z'Mllkc

max

(22)

S

and also get the formula for determining the minimum
torque of the screw drive:

G
Millln — m?xs (23)
27mik,

Figure 7 shows graphs of changes in the robot's
speed over time. As can be seen from the graphs, these
dependencies are linear, which is important for building
a motion control system for a mobile robot.

Sy N 7 (m/s)

Eﬂ 3.0

S 25

=]

e

= 20

E "

215 7

3 d B

210 —

z / —T 7,

205 e ‘

©: 1(s)

= 0

2 0 0.01 0.02  0.03 0.04
Time

Figure 7. Graphs of changes in the speed of the body robot
V, and the clutch-free legs V, of the robot for the values of
the motor torques M,=0,059 Nm, /;=0,033 Nm

Figure 8 and Figure 9 shows the dependence of the
force of the claws of the robot's grippers on the angle of
inclination of the drive arm with (Figure 8) and without
(Figure 9) reduction of the telescopic arm (see also
Figure 5). As can be seen from the graphs, for the ratio /
> L, i.e., in the presence of reduction in the mechanism
of gripping devices, the adhesion force of the robot
claws is much greater than in the absence of reduction,
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when | = L. This condition is important for the operation
of a mobile robot when servicing hard or soft trees.

24019 @
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5 180 A
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Angle of drive lever (in degrees)

ip force of one leg of the robot

Gr

Figure 8. Changing the strength of the robot's claws from
the angle of the drive arm with parameter values (when />
L): L=0,1 m, /=0,15 m, H=0,2 m, M;=4 Nm

FR R

(< -

275 / N
£ 70 i *
o

S[) 65 / when /=L \

(=2
(=]

>l

O
N
=

U

wn

7 \mb

= =
fe=) n

Grip force of one le

225 220 <15 410 55 05 10 15 20 25
Angle of drive lever (in degrees)

Figure 9. Changing the strength of the robot's claws from
the angle of the drive arm with parameter values (when / =
L): L=0,1 m,/=0,1 m, H=0,2 m, M5=4 Nm

When monitoring hardwood trees, the ratio of lever
arms | > L is recommended to increase the strength of
the claws of the grippers, and when servicing softwood
trees, the gripping force can be less, i.e., at | = L, but
this will increase the speed of movement of the gripping
devices of the robot.

6. DISCUSSION

Thus, in contrast to studies [1, 2], this article developed
a dynamic robot model for monitoring the state of park
trees and analyzed the dynamic parameters of a mobile
robot. In relation to mobile robots [4—7], the new design
of the mobile robot allows servicing trees with any
topology. It has much greater maneuverability due to
the flexible body of spherical rings. Unlike mobile
robots [17, 18], which use a wheeled transmission, this
robot uses a walking mechanism, which is better suited
to the topology of trees. The presence of self-braking
screw gears in the new robot's drives guarantees the
mobile robot's retention on the surface tree in the event
of an emergency shutdown of the autonomous power
sources of the robot. The design of the mobile robot
does not impose restrictions on the type of electric
motors, but preference should be given to a digital drive
for higher control accuracy.

As can be seen from the graph in Figure 6, the
mobile robot has a high movement speed. The legs of
the robot work in pairs and diagonally of the robot
body, so the movement speed of the legs, which are free
from adhesion to the surface, is higher. However, such
speed values are acceptable when the robot moves along
a smooth tree trunk. When the robot moves between tree
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branches, its speed must be limited to 0.1...0.3 m/s.
However, in any case, condition (18) must be observed
to ensure the stability of the mobile robot. It should also
be remembered that the values of accelerations of
movement (see also Figure 7), combined with the mass
of moving parts, determine the inertial forces and
therefore affect the degree of stability of the robot.
Therefore, when changing the direction of movement of
the robot, preference should be given to lower values of
the acceleration of movement to reduce the forces of
inertia and ensure the robot's stability.

A comparison of the graphs in Figure 8 and Figure 9
shows that the clutch force of the robot's claws increases
significantly when the ratio of the arms of the telescopic
lever 1 > L (see also Figure 5). This condition is
recommended for hardwoods.

7. CONCLUSION

In this article, the authors proposed a fundamentally
new design of a walking mobile robot for monitoring
park trees, the main difference of which is increased
maneuverability of movements. This property is
achieved through the execution of the robot body in the
form of a package of spherical rings, which allow the
robot to bend in any direction depending on the route of
movement along the tree.

The presence of a self-braking screw gear in each
drive of the legs of the mobile robot increases the
reliability of holding the robot on a tree trunk in the
event of an emergency power failure of the electric
motors of its drives. The proposed analytical and
graphical dependences of the dynamic parameters of a
walking mobile robot allow researchers and engineers in
the field of robotics to carry out the multivariate design
of such devices. The simulation results of this robot's
functioning illustrate its industrial applicability as a
walking Climbing robot for the maintenance of park
trees.

Ultimately, the proposed mobile robot has not only
the ability to move along the surfaces of trees of
arbitrary topology but also to change the trajectory of
movement due to the combinatorics of turning on the
drives and bending the robot body. The main result of
these studies is to reduce the cost of a walking mobile
robot and eliminate human labor at high altitude service
objects such as park trees.
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MOBWJIHU POBOT 3A TIPAREILE IPBERA
IHAPKA: TIPOJEKTOBAILE U MOJAEJIMPAILE

FME Transactions

M. Honumuyk, M. Tkauy, O. HKyuenko, J. Kopnara

Jenan ox caBpeMeHHX Ipobiema y o01acTé eKooruje
je CcTBapame €eKOJOIIKM IpUXBaT/bMBE OIpeMe 3a
npaheme ¥ oapxkaBame apBeha y mapkoBuMa |
nrymama. TpaguipoHanHa ymnotpeba IyMCKAX MalliHA
W CaMOXOJIHUX TPAaKTOpa ca MOTOpUMa ca yHYTPAIIhUM
caropeBambeM HETraTHBHO yTHYE HA XMBOTHY CPEAMHY
Kao pesynraTr eMucHje 3aralyjyhux marepuja, OZHOCHO
npoJyKaTta  caropeBalba W OCTaTaka  TOpHBA.
AJTepHAaTHBA OBOj TPAAWIUjH MOXe OWTH ymorpeba
MOOMIHUX po0O0Ta ca JaJbUHCKOM KOHTPOJIOM FbHXOBHX
eNeKTPUYHUX IIOTOHA IPWIMKOM H3BOhema TaKBHX
TEXHOJIOIIKUX oOllepanyja Kao IITO Cy OOpe3HuBame
0akTepujCKUX M3paciuHa ApBeha M MMjarHOCTHLINpPAE
crama apseha. Y 4iaHKy ce mpeanaxe (pyHIaMEHTAIHO
HOBHU /W3ajH MOOWIHOr poOora 3a mpaheme apseha y
napky. ['1aBHe pasnuke u3Mel)y po0OoTa cy HOBH IW3ajH
Tella ¥ MEXaHW3aMa 3a Xofame MoOmIHOT podora. OBe
om3ajHepcke  pasnmmke  00e30elyjy  poOoTy BHCOKY
YIpaBIEUBOCT TIPH U300y IMyTame KpeTama IyK cTadnia
U TOYy34aHO JApXame Tella podoTa Ha ApBETY MpH
JIOBOJbHO] Op3WHHM KpeTama 32 00aBJbatbe JI1jarHOCTHKE
cratba MacuBa apselia. Y 4IaHKy Cy ONHMCaHH H
JUHAMUYKH MOJENIH KpeTama MOOWIHOT poboTa Iyx
crabna. Pesynrare cumynanuje OpelcraBba y BHILY
rpa)cko-aHAIUTHYKHUX 3aBUCHOCTH IapameTapa po0oTa,
IITO YWHM HAy4YHH acrnekT mnpobnema. OcCHOBHa
MOTHBaIlMja CIIPOBEJCHOT HCTPaXXKHMBamba j€ CTBAPAE
€KOJIOIIKN TIPUXBATJFMBE OIPEME y BUAY MOOMIIHOT
poboTa ca mOY3JaHUM CHUCTEMOM 3aJpXKaBama Ha
MOBPIIMHM KpeTawma M JOBOJBHUM HepdopmaHcama 3a
obaBJpame orepanyja npahema mapKoBCKoT ApBeha.
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