Mirjana Filipovic

Mihajlo Pupin Institute
University of Belgrade

Ana Djuric

Wayne State University

Detroit, Ml
U.S.A.

Mathematical Model of the Aerial
Robotic Camera base on its Geometric
Relationship

This paper introduces a novel mathematical model of the Aerial Robotic
Camera (Cable-suspended Parallel Robot-CPR system). The novelty of the
CPR model is the geometric relationship between the camera motion in the
Cartesian coordinates (external coordinates) and motors angular positions
in the joint coordinates (internal coordinates). This relationship is defined
by the Jacobian matrix which is used for solving the kinematics and
dynamics of the Aerial Robotic Camera. For the computation of the
dynamic model, the Lagrange principle of virtual work is used. The
Jacobian matrix used in the formulation of the Lagrange principle of
virtual work has been adopted according to the construction of the
mechanism of the Aerial Robotic Camera. The specific structures of the
Aerial Robotic Camera play an important role in defining the kinematic
and dynamic models of the CPR system. The general form of the CPR
mathematical model is defined and presented. Several numerical examples

are used for the CPR model validation.

Keywords: Aerial Robotic Camera, Observation, Workspace, Analysis,
Synthesis, Kinematics, Dynamic.

1. INTRODUCTION

Different types of Cable-suspended Parallel Robot (CPR
system) is developed to some extent and widely
analyzed in various research areas as well as for
different purposes. For last three decades, researchers
have dealt with the mechanisms that carry a camera for
space observations or moving objects in space. Similar
system groups were analyzed and modelled as
evidenced by publications.

In paper [1], the design of a planar three-degree-of-
freedom parallel manipulator is considered from a
kinematic viewpoint. Four different design criteria are
established and used to produce designs having
optimum characteristics.

The paper [2] presents the first and second order
kinematic analysis of a three-degree-of- freedom 3-RPS
parallel robot mechanism. The position and orientation
parameters of the moving platform of this mechanism
are six.

In paper [3] authors present algorithms that enable
precise trajectory control of NIMS3D, an under
constrained, three-dimensional cabled robot intended for
use in actuated sensing. They begin by offering a brief
system overview and then describe methods to
determine the range of operation of the robot. Next, a
discrete-time model of the system is resented.

In paper [4] author presents several prototypes of
wire-driven parallel robots, recently designed and which
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use two different actuation schemes. Two of them have
been completed and submitted to extensive tests. These
tests have allowed determining interesting open
problems related to kinematics that are presented.

The wrench-closure workspace of parallel cable-
driven mechanisms is the set poses of their mobile
platform for which the cables can balance any external
wrench. The determination of this workspace is an
important issue in [5] since the cables can only pull and
not push on the mobile platform.

Parallel cable-driven Stewart-Gough platforms
consist of an end-effector which is connected to the
machine frame by motor driven cables. Since cables can
transmit only tension forces, at least m = n + 1 cables
are needed to tense a system having n degrees-of-
freedom. This results in a kinematical redundancy and
leads to a (m — n)-dimensional solution space for the
cable force distribution presented in [6].

This paper presents the recent results from a newly
designed parallel wire robot which is currently under
construction. Firstly, an overview of the system
architecture is given and technically relevant
requirements for the realization are identified. A
technique to compute and transfer an estimation of the
workspace to CAD tools is presented in [7].

The paper [8] presents an auto-calibration method
for over constrained cable-driven parallel robots using
internal position sensors located in the motors. A
calibration workflow is proposed and implemented
including pose selection, measurement, and parameter
adjustment.

Wire-driven parallel robot has attracted the interest
of researchers since the very beginning of the study of
parallel robots [9]. This type of robot has the advantage
of having light mobile mass, simple linear actuators
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with possibly relatively large stroke and less risk of
interference between the legs. On the other hand their
major drawback is that wire actuator can only pull and
not push.

A nonlinear dynamic analysis of the suspended cable
system is carried out with some sensible results
presented in [10] that could be useful to the real
engineering of LSRT. Integrated mechanical, electronic,
optic and automatic control technologies are employed
to make considerable improvement upon the same
system.

This work was done for the suspension system in
four points. The camera moves quietly and continuously
following the observed object. The camera carrier
moves in space freely allowing the capture of objects
from above. The CPR system has different arcas of
applications and promising research future. Our goal is
to implement this system with maximum precision.

One constructive CPR solution is presented in
Section 2. In the same Section, a detailed description of
the CPR system and its mathematical model are given.
The samples of the system responses are analyzed for
different conditions in Section 3. In Section 4, the
concluding remarks are presented.

2. MATHEMATICAL MODEL OF THE CABLE-
SUSPENDED PARALLEL ROBOT - CPR SYSTEM

In this paper, a new original CPR-C system has been
developed. Over the pulley system, ropes are run on the
winches (reel) 1, 2, 3, powered by motors.

First and second motors are used to wind up the ropes
about the coils. During the rotation one side is winding
while another side is unwinding.

The third motor is used to wind up the two ropes
about the coil only in one direction. Those motion
produce winding or unwinding of both ropes at the same
time. This can be seen in Fig. 1. Ropes coil on winches
has radius R.

Synchronous motion of the motors, produce motion
of the camera carrier in the x, y, z Cartesian space. The
desired motion trajectory of the camera is defined in x,
y, z Cartesian coordinates, and it is generated by motion
of three motors 6, 6,, 6. The kinematic model of the

CPR-C system has been developed as essential part for
solving the CPR-C system dynamics. See Fig. 1.

The relation between the camera motion in the
Cartesian space x, y, z and angular positions of each
motor 6y, 6,, 65 is solved by the Jacobian matrix J_,

which connects velocities of external coordinates
changes p=[x 7 2]’ with velocities of internal
coordinates changes ¢=[6, 6, 651" . For generation of

any trajectory in x, y, z space, it is necessary to provide
very precise and mutually coordinated motion of all
three motors §,, 6, , 6.

The 3D recorded space has a parallelepiped shape of
length d, width s, and height v. In this 3D space it can be
seen that the camera is connected with the ropes. See
Fig. 1b). The connecting dimensions are dy;, dy2, Oyy, 0y2.
These dimensions are very small in comparison with the
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complete 3D recorded space. From this observation it is
clear that d,,~0, 6,,~0, 6,0, 6,,=0. It is also assumed
that the pivot point A at height Z is equal to the heights
of all three connecting points.

This fact allows us to choose a point A4 as a hanging
position of the camera carrier for all three ropes, see
Fig. 1. This camera carrier system can be easily
constructed. This assumption simplifies the definition of
geometric relations between camera carrier motion in
Cartesian coordinates and coordinated motions of all
motors.

The geometrical relationship between the lengths &,
h, m, n, and Cartesian coordinates x, y, z, is

defined by the following equations:
k:\/x2+y2+22 )

h:\/(al—x)2—|-yz—i-z2 2)

mZ\/(d—x)2+(S—y)2+zz (3)

n:\[x2+(s—y)2+22 @)

For every sampling time the relations are defined:

A9, R_A_m Ah

_ 1. p_ + 5
At At At (®)
AG
_2.R:A_k+A_h (6)
At At At

Aby p_An Ak A0

At At At At (7

The equation (8) is obtained by substituting (5) into
the (7):

At At At At At

AG
_3R +A_k+A_h+A_m+ﬂ (8)

If the sampling time Az is small enough it follows
that:

O-R=m+h )
0y R=k+h (10)
Oy -R=+k +h+m+n (11)

By differentiating (1)-(4) and substituting them into
the (9)-(11), the relationship between velocities of
T

external coordinates changes p=[x y z]° and
velocities of  internal coordinates changes
$=16, 6, 93]T has been obtained:
b=Je-p (12)
Jcll Jcl2 Jc13
Je=|To e Jens (13)
JC31 JC32 Jc33
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Figure 1. CPR-C SYSTEM, a) in 3D, b) top view

It is evident that Jacobian matrix J,. in (13) is not

diagonal but full matrix. The elements of this matrix
beyond diagonal show the strong coupling between the
external and internal coordinates.

The camera carrier together with the camera
represents a small system in a comparison to the
complete work area. In that case the small system has
negligible moments of inertia about each axis of the
local coordinate system at the point A .
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For the camera dynamics modeling, the camera is
presented as a material particle with 3 DOF in thex, y,

z Cartesian coordinates system.
The kinetic energy £ and potential £, energy of

the camera carrier motion with mass m are given in the
following equations:

Ep=Yoomi?+ Voom- 32+ Voom-2% (14)
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E,=m-g-z (15)

First the analysis was done where the ropes are rigid.
In that case a system mathematical model has the
following form:

u=G, $+L,-§+S, M, (16)

Vector equation (16) is given by applying
Lagrange’s equation of the second order on generalized
coordinates 4, 6, , 63, where:

u=[w uy u3]", Gy, =diagG,;,

LV(3X3) = dlag Lw' . SV(3X3) = dlag SVi .
The main motor load moment M is defined with
the vector’s equation (17).

M, =F,R (17)

The main force F, =[F, F, F;]" is acting on the

shaft of each motor, and its value depends of the
external force F .

F,=~——~ _.F (18)

The external force F represents the sum of the
inertial force F, which is acting on the camera carrier

described in (20), and the perturbation force P, which

is disturbing the camera motion.

F=(Fp+Pp) (19)
Fp=m~(p+acc) (20)

Vector represents  the

Aec = [0 0 -g ]T
gravitational acceleration.

The force mapping vector C. depends only on the
geometry of the observed mechanism and selected
motion trajectory of the camera carrier during the
robotic task. The determination of the force mapping
vector C, is complex and it highly depends on the
imagination of researchers, which can cause the errors.
In order to define (21), the Lagrange’s principle of
virtual work has been used to find the relation between
the main force F, and the external force F'.

-1
(U )
€ @)
Joe =1 (0. J.) (22)
Since the CPR-C system has two parallel ropes,
suspending cameras in all four directions k, A, m, n,
then (22) has the following form:

oo =0-J, (23)

136 = VOL. 42, No 2, 2014

The presence of factors ¢ is a consequence of
structural systems with Fig. 1.

0:% is a factor which multiplies only the

direction of two parallel ropes. In this direction, a force
in each rope is a half of the force impact F that is
acting on the camera carrier. Observed CPR-C model
has two ropes from a camera carrier to all four-point
suspension (line k, h, m, n).

The relation between the main forces F, and total
force F acting on a camera carrier in Cartesian space is
given by (18). This is a geometrical relationship, which
is uniquely defined.

In order to obtain the relationship between internal
and external forces, the virtual work principle can be
applied. Equation (18) is particularly important because
it participates in the configuration of the CPR-C
dynamic model.

Vector main force acting on the shaft of each motor

is F,=[F, F, F).
Substituting (17)-(23) into the (16) produce a

dynamic model of CPR-C system which is expressed in
(24):

u=G,-¢+L,-¢+S, -R-C.-F (24)

The force mapping vector C, describes a strong

coupling between the presented motors.

Control law is selected by the local feedback loop
for position and velocity of the motor shaft in the
following form:

uj =Ky (07 =0)+ Ky, - (67 =6) (25)

3. SIMULATION EXAMPLE

In order to make results comparable, they are made for
the same desired trajectory and the same for all other
system parameters, as defined in the Nomenclature.

= g, .
g X0 5w b
<. g .
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s} ’/ 3] 03
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G Y o~
2 . 2"
Q
N o o =
- = 5.
s o . "B
» z '3
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time (s) time (s)
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Figure 2. The reference trajectory motion of a) position x°,

0 0 . . 20 _
y, z', b) velocity of camera carrier Diax =0.417 [m/s]

Camera carrier has the starting point

p° =[1.6 07 -04][m], and the

art end point
p° =075 155 -0.4][m]. See Fig. 2a).

The camera moves in ¥ and 7 directions, whiles
the coordinate Z is constant. Camera motion velocity

has a trapezoid form and pronax =0.417 [m/s], as shown
in Fig. 2b).
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The motors are of Heinzman SL100F type and gears
are HFUC14-50-2A-GR+belt.
Some important characteristics of CPR-C system

are: gravitational acceleration g =9.81(m/ sz) , sample
time dt=0.0001(s), winch radius R; =0.15(m) , rotor
circuit resistance R,; =0.917(€2), back electromotive
force constant Cg; =3.3942(V /(rad / 5)) , constant of the
Cyii = 2.5194(Nm/ 4),

coefficient of viscous friction
B¢; =0.0670(Nm /(rad / s)), moment of inertia for the

moment proportionality

rotor and the gear box J,; = 1.5859(kgm2), motor inertia

i

—ri 1 —(.1787 , motor damping
Mi

characteristic G,; =

R . -B ci
characteristic L, = % +Cp; =3.4186, motor
Mi

geometric characteristic §,; = Cr L -0.364, mass of
Mi

the camera carrier m=1(kg), length of the recorded

field d =3.2(m), width of the recorded field s =2.2(m),

height of the recorded field v =2.0(m), initial deviation

of the motor

00,==0(rad),60z =0(rad / s) ,

angular
positional

position
K, =4200,
velocity k, . =130 amplification for motion control and
factor that characterizes two parallel guided ropes
0=05.

Example 1: The example CPR-C system from Fig. 1
is analyzed.

The system mathematical model at the reference
frame is defined by (12)-(24). All three motors 6;, 6,
and ¢ must participate in the solution of this task.

This is shown in Fig. 3b), and it is a proof that all
these motions are mutually coupled.

© o°
2 X = I 3
& : x° 53, 0
£ ° o £ ;
2 y Y B e o 0,
= =i 0, 0,
@ =4 /
g o o3
S =
N RS
) 5 29
- V4 Z” -
<
lAEI 05 1 15 . 2 25 3 35 4 0 05 1 15 2 25 3 35 4
time (s) time (s)
a) b)

Figure 3. a) Reference frame and real coordinate ¥, y, z of
camera carrier, b) reference and real coordinate 91 , 92 ,

05 of motor shaft, (Example 1)

There is a good tracking of a desired trajectory at the

level of motor motions (in the order of about 1073 [rad],
see Fig. 4b) and Fig. 3b)) and at the level of motion of

the camera carrier (on the order of about 10’4[m], see

Fig. 4a) and Fig. 3a)).
The level of control signals is given in Fig. 5b) and
does not exceed the limits of +24[F]. In Fig. 5a) there

are three main forces that are not exceeding 16[N].
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Figure 4. a) Deviation real from the reference frame values
of a motion trajectory of camera carrier, b) deviation real
from the reference frame values of a motion trajectory of
motor shaft, (for CPR-C, Example 1)
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Figure 5. a) Reference frame and real main forces F; , b)

reference frame and real control signal u;, (Example 1)

Example 2: The example from Fig. 1 is analyzed.
All system and control parameters are the same as in the
Example 1. This example is done with one illogical
assumption, which is the case when the system user
assumes that the system at the reference level is
uncoupled. In that case the Jacobian matrix has the
diagonal form:

¢=Jew P (26)
J 0 0
cll
Jo=| 0 J ., 0 (27
0 0 J
u=G,-¢+L,-§+5S, M g (28)
MC(‘B :FC® R (29)

The main force is defined as:

Fig = t—F (30)
-1
T
((‘%c@) j
Co =" — €2y
Jocw =0-Je@ (32)
u=G, - ¢+L,-9+S,-R-C.q - F (33)

Directly follows that the matrix C,q is diagonal like
matrix J g .

Unlike the previous example, the mathematical
model of the system at the reference level in this
example is defined by (26), (27), (14), (15), (28)-(31),
(19), (20), (32), (33). At the real level the system is
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coupled and its kinematic and dynamic model is defined
by (12)-(24).
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Figure 6. a) Reference frame and real coordinate x, y, z
of camera carrier, b) reference and real coordinate 01 , 6’2 ,

65 of motor shaft, (Example 2)

Fig. 6a) shows the results of the camera carrier
motion in all three directions of the Cartesian coordinate
frame x, y, z and the reference frame % y(’ 2

x10°

os
N o 2 Q
o= 02 GS . 0\-e|
U -2
Z 2 EE L
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gl g s 5. N\ 0,-6° ///

pet 29 \sz
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k=it 5 .E T~/
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time (s) time'(s)
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Figure 7. a) Deviation real from the reference frame values
of a motion trajectory of camera carrier, b) deviation real
from the reference frame values of a motion trajectory of
motor shaft, (Example 2)

Trajectory of motor angular positions at the real
frame 6, 6,, 6; and reference 910 , 9;, 93" frame is

given in Fig. 6b).

Since the positional control law is applied (with
local feedback on the position and velocity) for each
motor angular position, defined in (25), the control of
motor motion is ideal. See Fig. 7b). However, the
coupling characteristics are not taken into the
consideration at the reference frame, and because of that
there is no good enough tracking of a real trajectory
comparing to the reference signal in the Cartesian space,
see Fig. 7a).

The unknown coupling characteristics significantly
affect the accuracy of the trajectory tracking, which

value reaches (x—x%),,« =0.36[m] in this example.

g -
)\ 0 N 10
N >
[
2 =
: g
= X
=} o 17}
k| F'F 3
2
7z [k €
& g
0 05 1 .15 2, 3 35 1. 15 2
time (s) time (s)
a) b)

Figure 8. a) Reference frame and real main forces F; , b)

reference frame and real control signal u;, (Example 2)

The value of control signals is given in Fig. 8b) and
it does not exceed the limits of +24[)']. In Fig. 8a) there

are three main forces that are not exceeding 30[N].
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Example 3: The importance of this example is that
the camera carrier mass of m =3[kg] is three times

higher comparing to the one in Example 1. All other
system parameters are the same. The system
mathematical model at the reference frame is defined by
(12)-(24).

It can be seen in Fig. 9a) (Fig. 10a)) and Fig. 9b)
(Fig. 10b)) that the desired trajectory at the camera
motion frame and at the motor motion frame is worse
than in Example 1. This is because the selected motors
are not strong enough to carry larger mass of the camera
carrier.

X 2 .
£ x° g
N2 = A=t
g y L &y
-2 oD =
b= =]
L o5 s =
2 =
o C 2
N ol g 9
- So-
coLz 7 ER:
K os 05 15 2 25 3 35 4 0 05 1 15 . 2 25 3 35 4
time (s) time (s)
a) b

Figure 9. a) Reference frame and real coordinate x, y, z
of camera carrier, b) reference and real coordinate 91 , 0,

05 of motor shaft, (Example 3)

The third motor achieves the saturation point at
t=2.7 [s] referred to the real and reference frames. At
the reference frame the signal goes out of saturation at
2.9 [s], while at the real frame it goes out of saturation
at =3 [s]. See Fig. 11b). The first and second motors do
not enter saturation at all.

OPe— 0.-0;
os| 0,-07

g

X-X°

deviation in 0
direction (rad)

g8

deviationinx, y, z
direction (m)

y-y° 8.6

i L -
a) b)

Figure 10. a) Deviation real from the reference frame values
of a motion trajectory of camera carrier, b) deviation real
from the reference frame values of a motion trajectory of
motor shaft, (Example 3)

This causes a significant deviation of the real
position of third motor comparing to the reference
frame, which reaches value:

(03— 05°) i =—0.028[rad],

see Fig. 9b) and Fig. 10b).
This is all reflected in a bad position tracking of the
camera carrier in the Cartesian coordinates:

(z=2%) max =+0.0048[m],

(=) max = +0.0008[m],

see Fig. 9a) and 10a). The main forces in Fig. 11a) are
up to 54 [N].

This analysis shows that the motion dynamics of
individual motors depends significantly on the choice of
CPR-C construction type and its parameters.
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Figure 11. a) Reference frame and real main forces F; , b)

reference frame and real control signal u;, (Example 3)
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Figure 12. Organized work space with CPR system

This example confirms the property of the coupling
between the motor motion and camera motion, as well.

The CPR-C system is modeled and analyzed by
software package AIRCAMC.

The CPR device is developed in the Mihajlo Pupin
Institute and is used to observe space. It is a part of
more complex system presented in Fig. 12. The CPR
system observes the area in which the humanoid robot
and robotic vehicle.

4. CONCLUSIONS

The main contribution of this work can be defined in
the following way.

The unique general type of the CPR-C mathematical
model is defined. Kinematic model is generated for the
system via Jacobian matrix. An adequate choice of
generalized coordinates (in this paper, the internal
coordinates), provides a mathematical model that
illuminates the mapping of internal (main forces acting
on the shaft of each motor) and external forces (acting
on a camera carrier) by the Jacobian matrix on motion
dynamics of each motor.

The presented CPR-C model is functionality
generated by formulating and applying its highly
authentic kinematic and dynamic model during
synthesis and analysis which will enable further
development and implementation of the current control
laws. Software packages AIRCAMC is developed and
used for individual and comparative analysis of the
CPR-C system from various aspects. The influence of
changing any parameters of the system (workspace
dimensions, the mass of a camera carrier, change the
size and dynamics of power disturbances, the choice of
control law, the reference trajectory, and the presence of

FME Transactions

singularity avoidance system and a number of other
characteristics) can be analyzed through this software
package.

The selection of the motor components is extremely
important for the CPR-C performance. The simulation
results show the importance of the motor parameters
selection, especially for the cases when some system
properties are unknown. Motor type can significantly
affect the response of the system or accuracy of the
desired trajectory tracking.

The general mathematical model of the CPR-C
system presented in this paper has been evaluated using
several numerical examples. The model can be used for
different applications, especially for following moving
objects using integrated intelligence.

Future research intend at implementing the elastic
ropes (type of nonlinear dynamic elasticity as defined in
[11]-[18]) in the mathematical model of the CPR-C
system. In this research several different models were
developed and new models will be developed for
different applications. All these models will be unified
according to their similarities into one reconfigurable
model, using the approached presented in [19] and [20].
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NOMENCLATURE
DOF degree of freedom
CPR Cable-suspended ~ Parallel
Robot
t(s) time
d[s] sample time
alm/ s2] gravitational acceleration
_ T position of camera carrier in
p=lx 2l [m] space of Cartesian
coordinates (external
coordinate)
i=1,23.. total number of DOF
-6, 6, 0.1 [rad vector of internal
=61 62 81 [rad] coordinates

F.=[F F, F][N]

F,=[F, F, F.]'[N]

T
sz[pr Ppy sz] [N]

F=(F, +P,)[N]

M, =[M; M, M;]"[Nm]

vector main force acting on
the shaft of each motor
(motor force load)

force acting on the camera
carrier

perturbation force acting on
the camera carrier

whole forces acting on a
camera carrier

motor moment load

rotation angle of the motor

o
0; (9,' )rad] shaft after the reducer
(desired value)
R[m] winch radius
J, Jacobian matrix
C, force mapping vector
R,; =0.917(Q) rotor circuit resistance
u;[V] voltage
i;[A] rotor current

Cg;[V l(rad / )]
Cpi[Nm/ A]

B [Nm/(rad /| 5)]

proportionality constant of
electromotive force
proportionality constant of
the moment
coefficient  of
friction

viscous

J” [k ng] inertia moment of the rotor
and reducer
J R .chara.lcterlstlc of  motor
G. =1 7i 1nertia
Vi C .
Mi
R -B characteristic  of  motor
L,= ’é Gi +Cp damping
Mi
geometric characteristic of
the motor
S = r
vi
Mi

FME Transactions



80,(t,) (rad),56;(t,)[rad / 5]

Kppis Kpi

mass of the camera carrier
length of the recorded field
width of the recorded field
height of the recorded field

initial deviation of motor
rotating angle

positional, velocity
amplification for motion
control

factor that characterizes two
parallel guided ropes

MATEMATHYKHU MOJEJI BA31YIIHE
POBOTHU30BAHE KAMEPE 3ACHOBAH HA
I'EOMETPUJCKHUM BE3AMA

Mupjana ®uiaunosuh, Ana Bypuh

FME Transactions

OBaj pan nmpuKadyje HOBM MaTeMaTH4Kd MOJIElN
Baznymne PoGoruzoBane Kamepe (Ilabne-cycnennen
MMapamren Po6ot-IIIIP cucrem). Horuna monena L{ITP
cucTeMa Cy TE€OMETPHjCKE Be3e Hu3Meljy KpeTamba
Kamepe y Kaprecujanckum KOOpAHHaTaMa
(crioJpaIIBUX KOOpAMHATA) M yraoHe ITO3MIMje MOTOpa
y KoOpauHaTaMa 3ri100a (MHTEpHHX KOOpAMHATA).
[loBezanocr je neduHucana mnpeko JaxkoOujese
Marpule, Koja ce KOPHCTH MPU pellaBarky KHHEMaTHKe
n puHamuke Basgymme PoGotm3oBane Kamepe. 3a
M3padyHaBamke AWHAMHYKOT MoJela KOpHIIheH je
JlarpamxoB MPHHIMIT BHUPTYEJIHOr pana. JakoOujeBa
MaTpuna, Koja je KkopuinheHa y QopMyianuju
JlarpamXOBOI'  NMpPHHIMIIA  BHPTYEJIHOT  paaa, je
ajanTupaHa  OpeMa  KOHCTPYKIHMjH  MeXaHH3Ma
Bazngymne  PoGormsoBane  Kamepe.  OcobeHoct
cTpykType Basmymue PoGotmsoBane Kamepe wurpa
Ba)XHY YJIOTY Tpu aAedUHHCAY KHHEMATHUKOT |
muaamMuakor mojena LITP cuctema. [edurucana je u
NpUKa3aHa TreHepanHa (opMa MaTeMaTHYKOr Mojelna
HITP cucrema. Hexommko HyMEpHYKHX MpHMepa je
kopumheHo 3a noTBpay Bamuaaocta LTTP moxena
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