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In the context of the industrialization era, robots are gradually replacing
workers in some production stages. There is an irreversible trend toward
incorporating image processing techniques in the realm of robot control.
In recent years, vision-based techniques have achieved significant
milestones. However, most of these techniques require complex setups,
specialized cameras, and skilled operators for burden computation. This
paper presents an efficient vision-based solution for object detection and
grasping in indoor environments. The framework of the system,
encompassing geometrical constraints, robot control theories, and the
hardware platform, is described. The proposed method, covering
calibration to visual estimation, is detailed for handling the detection and
grasping task. Our approach's efficiency, feasibility, and applicability are

evident from the results of both theoretical simulations and experiments.
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1. INTRODUCTION

For Industry 4.0, robot arms have emerged as critical
components in modern production lines. These pro—
duction lines typically consist of multiple stations where
a variety of tasks are executed, including assembly [1],
inspection [2], and packaging [3]. Robot manipulators
are programmable to carry out these tasks [4] auto—
nomously, or they can collaborate with human workers
[5].

Moreover, robots can be equipped with sensors and
vision systems, empowering them to accomplish tasks
like part recognition [6], quality control [7], and error
detection [8]. This functionality enables them to identify
and rectify errors in real-time, reducing waste and
improving overall efficiency.

In manufacturing, robot manipulators play a pivotal
role in automating assembly lines, effectively reducing
labor costs and significantly enhancing production
speed and efficiency [9].

These robots can be programmed to execute
repetitive tasks, such as welding [10], painting [11], and
material handling [12], which are often hazardous or
monotonous for human workers. Their integration into
the production process is crucial in boosting
productivity and elevating the overall product quality.
Furthermore, the vision-based approach employed by
robot manipulators entails the utilization of cameras and
image processing algorithms to offer visual feedback,
enabling the robot to perceive and comprehend its
surrounding environment.

In some research studies [13-17], cameras are
strategically mounted on the robot or in the work area to
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capture images of both objects and the surrounding
environment. These images are subsequently processed
by algorithms that extract vital information, such as
object location, shape, and orientation within the scene.
The robot's control system then utilizes the extracted
data to plan and execute its movements effectively. A
common application of vision-based approaches lies in
object recognition [18] and tracking [19]. The robot's
camera captures images of objects in the environment,
and sophisticated image processing algorithms identify
and track these objects based on their appearance and
movement patterns. Armed with this information, the
robot can precisely pick up and manipulate objects with
a high level of accuracy.

Another significant application of vision-based
approaches lies in path planning [20] and obstacle
avoidance [21]. Through the utilization of cameras and
image processing algorithms, the robot can detect
obstacles obstructing its path and subsequently devise
alternative routes to circumvent them. This capability
empowers the robot to navigate through intricate
environments with ease, enabling it to execute tasks
more efficiently and safely.

2. PREVIOUS WORKS

Recently, manipulators are widely used in
manufacturing, assembly, and logistics industries for
many tasks. These machines are designed to perform
repetitive tasks accurately and efficiently, which can
help to increase productivity and reduce the risk of
human error [22]. One of the key features of a robot
manipulator is its ability to move in multiple axes,
which allows it to reach objects from various angles and
positions [23].

When it comes to grasping, robot manipulators can
be equipped with a diverse range of end-effectors, such
as grippers [24], suction cups [25], or magnetic plates
[26], depending on the specific task requirements. These
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end-effectors are purposefully designed to securely grip
objects of various shapes and sizes. Moreover, in certain
cases, they possess the capability to detect the
orientation and position of the object, thereby ensuring a
successful and precise grasp.

Pick and place operations entail transferring an
object from one location to another, and robot mani—
pulators are excellently suited for this task [27]. These
machines boast the capability to move in multiple axes
and adjust their grippers or end-effectors as required,
enabling swift and precise object transfers between
locations. This particular feature proves especially ad—
vantageous in manufacturing and logistics applications
[28, 29], where efficient and accurate handling of
objects is of paramount importance.

Reaching is another vital aspect of robot mani—
pulators, particularly when it comes to executing tasks
in confined spaces or hard-to-reach areas [30]. The
flexibility of extending their arms and adjusting their
end-effectors enables robot manipulators to access such
areas with ease, allowing them to accomplish tasks that
would prove challenging or impossible for humans.
Consequently, robot manipulators are highly advanta-
geous not only in industrial applications but also in
academic research. Table 1 classifies the different types
of robotic actions, providing an overview of the state-
of-the-art related studies from several years ago. This
classification offers a comprehensive view of the
advancements made in this field, aiding in the un—
derstanding of the evolution and capabilities of robot
manipulators.

3. PRELIMINARIES
3.1 Theoretical analysis

First of all, the structure of the target manipulator is
established and analyzed. There are a total of six DOFs
(Degree of Freedom) in this robot platform, as Fig. 1.
These axes are labeled from the base to the end-effector.

Figure 1. Dimension and theoretical structure of the
proposed system

The parameters of this robot manipulator are listed
below:
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a: distance from Z, axis to Z,, axis

{: angular rotation from Z, axisto Z,, axis from the
view of X, the axis

d: distance from X, axis to X, axis

0: angular rotation from X, axis to X, axis from

the view of Z, the axis
Hence, the representation of the Denavit-Hartenberg
(D-H) matrix should be launched as Table 1.

Table 1. List of parameters in the D-H matrix

Axis number Parameter

a(mm)| £°) d(mm) | 6()
Axis 1 0 -90 L, 0,
Axis 2 L, 0 0 6,-90
Axis 3 L; -90 0 0,
Axis 4 0 90 L, 04
Axis 5 0 -90 0 0
Axis 6 0 0 Ls O

From the above information in the DH matrix, the
matrix transformation among links is established as
follows,
= Relation between link 0 and link 1:

c@) 0 -s(6) 0
s(@) 0 c¢@;) O
T =|" ! . (1)
(U | 0 L
0 0 0 1

=  Relation between link 1 and link 2:

s(6) c(@) 0 Lys(6r)
—c(6,) s(6;) 0 —ch(ez).

T, = 2
12 0 0 1 0 (2)
0 0 0 1
=  Relation between link 2 and link 3:
c(@3) 0 —s(63) Lsc(63)
s(63) 0 c(63) L3s(63)
T,; = . 3
23 0 -1 0 0 )
0 0 0 1

= Relation between link 3 and link 4:

c@) 0 s, 0]
58 0 (@) 0
Tel T 0 o o, @)

0 0 0 1

= Relation between link 4 and link 5:

c(@s) 0 —s(bs)

0

s@) 0 @) 0 )
ol
1

T:
4 0 -1 0

0 0 0

= Relation between link 5 and link 6:
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(@) -s@) 0 0
[s(G5) @) 0 0

Ts6 =] o 0 1 L ©
0 0 0 1

3.2 Forward kinematics

Each movement in an axis could produce different loca—
tions of the end-effector. In the view of robot control,
the computation of forward kinematics must be pre—
sented primarily,

Tos =Tpr *T15 *Tr3 * T34 * Tys * T4 (7)
Ajp A Apzox
Ay Ay Az oy

T06 = (8)
Az Az Azz oz
0 0 0 1

where these vectors (41; Aa1; As1), (A12; Azs As), (A1

Asy; Az3) are the unit vectors of three axes attached to

the end-effector. They represent three directions of the

end-effector; the other vectors such (x; y; z) indicate the

location of the end-effector compared to the origin.
Then,

Ay =5(66)*(c(63)*s(6)-5(6,)*(c(6)
*c(0y)*s(05)=c(6)*s(62)*c(65))~c(6)
*(0(6’5)*(s(ﬁl)*s(c94)+c(6’4) (0(91)*(:(6’2) )
*5(03)+5(61)*s(62)*c(03))—s(65)*(c(6)
*s(ﬁz)*s(6’3)—c(6’1) 0(93) (92)))

A3 =c(66)*(s(61)*c(04)+5(63)*(c(8)
*0(92)*s(93)+c((91)*S(HZ)*C((93))+S(95)
*e(6)*c(6)*s(65)+e(@r)*c(63)+s(6,))  (10)
=5(06)*(c(64)*s(6)—s(64)*(c(61)*s(62)
*5(03)=c(61)*c(6)*c(65))

)

c(y)*e(
Ap3 =—c(05)*(c(6;)*s(0:)*s(63)—c(6))
*c(0;)*c(6,)) - 5(85)*(s(8) +5(8,) +e(8,) (1)
*(c(6)*c(0:)*s(03)+c(6;)*s(6;)+¢(63))

Ay =5(05)*(c(6)*c(64)+5(64)*(s(6))
*5(02)*s(63)=c(02)*c(65)*s () +c(6s)
*(c(05)*(c(6))*s(0)—c(64)*(s(6)*s(6,) . (12)
*s(65)=c(62)*c(65)*s(6))—s(05)*(c(6,)
*s(61)*s(03)+c(65)*s(6)*s(62))

Ay =S(QG)*(C(Bl)*0(6’4)+s(t94)*(s(91)
*s(02)*s(603)=c(02)*c(65)*s (1)) +c(6s)
*c(05)*(c(6)*s(0s)—c(04)*(s(6)*s(6,)  (13)
*s(63)—c(0,)*c(63)*s () —s(05)*(c(6,)
*s(0)*s(63)+c(63)*s(6)*s(6,))
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A3 =5(05)*(c(6)*s(64)—c(64)*(s(6)
*5(0,)*s(63)=c(0,)*c(05)*s(G)+c(65).  (14)
*(c(62)*s(61)*s(05)+c(05)*s(6)*s(62))

Az ==5(0,+03)*s(05)*c(0 ) —c(6y)
*(0(92+t93) ( )*0(6’6)— (024-(93) (15)
*5(94)*s(t96))
A32=s((96)*(s(92+93)*S(95)—c(t92+t93)
*(04)*c(05 ) —c(6y+05)*c(6)*s(64)
A33=—s(92+93)*c(c95)—c(6’2+6’3)

*c(04)*s(05)

x=Ly*c(6)*s(6)+ Ly *s(6,+65)

*c(6)+ Ly *c(0,+63)*c(6)) + Ls
*s(492+493)*c(61)*c(65)—L5*s(@l)*s(64)
*3(95)—L5*s(@z+¢93)*c(01)*c(94)*s(05)
y=Ly*s(61)*s(6,)+ L3 *s(6, +65)

*s(6)+ Ly *c(6r+63)*s(6)+Ls

*s(6, +65)*s(6)*c(05)—Ls *c(6) 19)
*5(04)*s(65) = Ls *s(6, +65)

*5(61)*c(04)*s(65)
z=L+Ly*c(6y)+ Ly *c(6,+63)

Ly *s5(0y+60)~Ls *c(0, +05)*c(6y) (20)
*5(05)—Ls*s(0, +65)*c(65)

3.3 Inverse kinematics

(16)

an

(18)

Due to the purpose of our work, the robotics system co—
uld grasp an object in the 2D plane. Thus, the problem
of inverse kinematics could be solved in four DOFs.
The mathematical analysis of geometrical relations
among links for our approach is described in Fig. 2.
According to the geometrical relations, the traveling
distance A, B, and C could be determined as below,

A=yx>+y* @21

B=|Ls+z-L| (22)

C=vA>+B> (23)
where: L; = 290mm, L; = 260mm, L; = 30.5mm L, =

270mm, Ls = 90mm, L, =+/I3 + 13 .

L3+ -C?
0y =180° —acos DT cos L (24)
2xLyxL, L

X

2 2 2
L,-L.+C
B =acos 2—X+2 (25)
2x Ly, xC
A
a =acos| — 26
4) 6)
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Figure 3. An overall diagram of a hardware connection.

X,

Figure 2. Geometrical analysis of the simplified model in
our system.

In the next step, 8, must be identified. There are two
cases in which Ls +z— L, >0,

0, =—(f+a)+90°. 27
Otherwise,

0, =—(f-a)+90°. (28)
Then,

05 =6, — 6 +90° . (29)

3.4 Connection and calibration of servo system

According to the overall diagram in Fig. 3, in order to
control the robot, it is necessary to have a defined
communication method. In our design, the method of
communication is a series of data transmissions between
one master and several slaves. For each piece of
information received, the system would respond due to
a pre-planned action. This information is specified
between our library in personal computer and the
modular firmware. Since all of the six axes of our robot
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are pulse-based generation, the PCI-N804 card, which is
able to control up to eight motors, should be utilized.
This control card is designed and manufactured for the
purposes of industrial applications; hence it is entirely
complete in terms of library and firmware.

To configure each servo, developers usually deploy
the SigmaWin+ software supported by Yaskawa com—
pany as Fig. 4. In this section, several important para-
meters to construct are controlled mode configuration,
electric gear configuration, pulse mode configuration,
and encoder output configuration.

= Control mode configuration: initially, the
driver should be reset to the default mode, then follow
the instructions of the manual to perform the
configuration to suit the intended use. For the robotics
application, three modes consist of speed control,
position control, and torque control.

=  Electric gear configuration: servo manufac—
turers often integrate an electronic gearbox into the
driver so that users can easily control and fine-tune the
servo to run at will with the number of pulses suitable
for each type of encoder that changes on the motor.

= Pulse mode configuration: to be able to control
and read the encoder value correctly, it must be
configured the pulse mode in the driver to be consistent
with the motion card, then the control and the returned
encoder value can be accurate.

=  Encoder output configuration: there are diffe—
rent types of encoder output modes used in servo motors,
such as quadrature, PWM (pulse width modulation), and
absolute. Because our system does not have the hardware
of an absolute encoder and the output signal is
differential, the quadrature configuration is chosen.

When controlling a mechanical system related to an
AC servo, tuning is extremely important. It supports
these motors getting used to the working load
(maximum load) so that the motor can work smoothly,
avoiding overload. Four steps to adjust the well-
configured state of the servo motor are (1) let the
software determine the force to hold the engine shaft
when there is no brake, (2) use the auto-tuning feature
supported on the software to calculate the necessary
parameters for the engine to work properly, (3)

VOL. 51, No 4, 2023 = 515



download the calculated parameters to the driver and (4)
reset the driver.

/ Parameter Editing : SGDV-1R6A01A

- [ Display
g & UserLevel [ Level2 (To the adjustment)
Control Mode |13 Al Control Mode j [Z) Comment Customize
Al | Function | GainPatxx) <) | D | Tora | sea | vosigi e[ >
No. | Name | input value [ unit | et value | Min | Max [Defaut |~
[ Pn200 Position Control Reference Form Sele... 2011H - - - 0000H
odigit Reference Puise Form 1:CW . - -
1digit Clear Signal Form 1:Clear.. -
2digit Clear Operation 0:Clear... -
3digit Filter Selection 2:Uses.. - - - - -
[1Pn20S  Multturn Limit Setting 65535 Rev 65535 Rev 0 65535 65535
[1Pn207  Position Control Function Switch 0000H - - - 0000H
odigit Reserved (Do not change.) 0:Reser.. - -
1digit Postion Control Option 0:Disabl... -
2digit Reserved (Do not change.) 0:Reser. -
digit JCOIN Output Timing 0:Outpu... - - - - -
[1Pa20A  Number of External Encoder Pitch 32768 PichRev 32768 PichRev 4 1048576 32768
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<

I~ Select AlfPostion(Pn2ox-)include not displayed)

X
j Display Setting %) import

Figure 4. Configuration of each servo drives in our system.
4. THE PROPOSED APPROACH
4.1 Camera calibration

Camera calibration is important and mandatory before
image processing to limit camera-induced distortion.
Regularly, a 9x6 chess board, as Fig. 5, is used to
conduct the calibration with the support of Matlab
software. The parameters needed after the main
calibration comprise the principal point and focal
length. These parameters are essential for converting
image coordinates to real coordinates in the following
steps. Henceforth, the calibration is repeated many
times to get the best results, as Fig. 6.

Figure 5. Configuration of each servo drives in our system.

Focal length (pixels): [ 966.2152 +/- 10.7587
principal point (pixels):[ 319.557@ +/- 2.4968
Radial distortion: [ 0.2164 +/- 0.0646

963.7997 +/- 11.2750 |
234.6108 +/- 3.199% |
7.9240 +/- 1.7752 ]

Figure 6. List of the camera parameters after calibration.

4.2 Object recognition

The first step of our method is to convert the original
image from the color space RGB to the color space
HSV. The result of this procedure is demonstrated in
Fig. 7. In that case; it should remember that the back—
ground and objects must be distinguished in order to
mark.
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b)

Figure 7. Object capture, (a) in the color space RGB and (b)
in the color space HSV.

b)
Figure 8. Result of object recognition, (a) contour
detection, and (b) successful recognition.

Later, the following step is to filter the color space
and find the contour to identify the object. For instance,
the green block is detected. The process of filtering the
Color space should be done carefully to avoid external
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noise. In our design, the software GIMP that supports
the HSV palette is composed of the filtering steps
below,

= Alternatively, elect the maximum range and
minimum range of color parameters for each object

= Compute the color value in the OpenCV library
from the color space HSV

= Tune these parameters until the desired results are
reached

After obtaining the desired color ranges, the contour
is identified in order to obtain the shape of an object.

Then, the marking is bound to get the exact position
of the color range. As Fig.8, a rectangular block is
drawn. From this result, the center of the rectangle is
close to the center of an object.

4.3 Coordinate transformation

After achieving the coordinates on the pixel system of
each object, it converted the coordinates to the coor—
dinates of the object relative to the camera.

C,, C,, f., f,: Principal point and focal length of the
camera were obtained after calibrating.

u,v: Coordinates of the object in the image coor—
dinate system (pixels).

P(X, Y, Z): The coordinates of the object in the real
coordinate system relative to the camera.

As seen in Fig. 9, the formulas between two similar
triangles to convert are illustrated. Subsequently, having
the coordinates of the object relative to the camera, it
determined the correlation matrix between our robot and
the camera to find the coordinates of the object relative to
the robot. This is the final step in the conversion process.

It is assumed that this camera, to determine the
rotation matrices and translation vectors of the camera
relative to the robot, is fixed on the standing mount. The
conversion formula is as follows,

PX'Y'\Z)=TxP(X,Y,Z). (30)

where,

optical
axIS

princigal
paint

Figure 9. Coordinate transformation from pixel system to
the real-world system.

P'(X',Y',Z") is the coordinate of an object with

respect to a robot

T 1is the correlation matrix from camera to robot,
which is produced by rotational matrix and translational
matrix between two coordinates.

Lastly, the correlation matrix is

01 0 380
10 0 0
T= 31)
0 0 -1 930
00 0 1

5. RESULTS OF SIMULATION AND EXPERIMENT
4.4 Theoretical validation

Before conducting the robot experiment, several
simulations to govern the accuracy of the inverse
kinematics are essential to carry out as Fig. 10. By using
the OpenGL-integrated MFC interface and also the
Matlab robotic toolbox to simulate the trajectory of the
robot, the theoretical validation is guaranteed.

STATUS

SERVO J0G MODE
ON | [omsasLe HOME ADDPOS
POSITION
X | 360.00
v [-00.00
z [s80.50
JOGGING CONTROL
THETA1 | -00.00 I
THETA2  |-00.00 I
THETA3  [-00.00 I
THETA4 |000.00 | I
THETAS | 000.00 l
THETA 6 I

Figure 10. Software design to validate the robot control theory.

FME Transactions

VOL. 51, No 4, 2023 = 517



Additionally, the repetition error in this robotics
system needs to be evaluated. The test is set up as
follows: primarily, when the robot is in the HOME
position, place the counter in the robot's workspace. Far
ahead, the tooltip of the robot is moved to the position
of the X point and lightly touched counter-clockwise so
that the needle points to the X position other than 0 is
accepted as Fig.11. At that time, return the robot to
HOME and then back to the old position, do five times
with the same speed. The difference in the clock between
the first time and the next iteration is the Z-direction
repetition error of the robot, as shown in Table 2.

Figure 11. Result of the repetition error measurement.

Table 2. List of the repetition error measurements.

No. | The first level of speed | The second level of speed
1 | Error: Omm Error: 0.0lmm
2 | Error: 0.0lmm Error: 0.02mm
3 | Error: Omm Error: 0.02mm
4 | Error: 0Omm Error: 0.0lmm
5 | Error: 0.0lmm Error: 0.0lmm

5.1 Experimental validation

To prove the feasibility and effectiveness of the pro—
posed method, some practical tests have been con—
ducted. The overall system, including one NHG-D6
manipulator, one Real-sense digital camera, one per—
sonal laptop, and one industrial computer (IPC), is
launched as Fig 12. The NHG-D6 robot arm is an
industrial manipulator with six DOFs (degree-of-
freedom) which is manipulated by an industrial computer.
The Real-sense camera is deployed to obtain the image
data continuously. This signal is transmitted to a personal
laptop programmed for image processing analysis. The
result of vision-based computation could be referred for
releasing the control decision. Later, IPC receives the
control command and drives the robot according to the
reference trajectory. The whole system is located in our
laboratory, where the indoor environment ensures stable
brightness. These tests are repeated several times in order
to guarantee the stability of our method.

In the initial stage, the robot arm rotates to a specific
position so that it does not obscure the view of the
camera. After the digital camera recognizes an object, it
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transmits the coordinate values of that position to the
laptop. At that moment, it theoretically calculates from
the image coordinates to the real coordinates and uses
the inverse kinematics after the calculation is
completed. In this situation, the laptop would send the
parameters of the robot kinematics via TCP/IP protocol
communication to the drive. It is done at the same Z
value without touching the objects. Then, the robot
proceeded to move the objects and repeat the steps.

Camera

[ — - SR

Figure 12. Hardware setup for the experimental validation.

The experimental validation using our approach is
depicted in Fig. 13. After conducting a few steps, such as
object recognition and location analysis, owing to the hei—
ght of the samples being different, the robot arm adjusted
the Z value for each object so that it could pick and place.
It is first applied with separate orders of a single object for
complicated circumstances. And then, the robot could
work for each area with multiple objects in the same color.

6. CONCLUSION

In this study, a highly efficient solution for the object
detection and grasping task was developed from scratch.
By employing an HSV-based approach, the robot mani—
pulator demonstrated remarkable proficiency in recogni—
zing, classifying, and picking target objects without nee—
ding expert intervention. The methodology begins with a
comprehensive explanation of background concepts,
followed by establishing the hardware platform for the
robotics system designed to meet the specific requi—
rements of our approach. The proposed method was ri—
gorously tested and validated through simulations and real-
world experiments, where theoretical computations and
practical trials were conducted and demonstrated
successful results. This approach proves to be highly effi—
cient, feasible, and applicable in real-world manufac—turing
systems, such as line production, sorting systems, and even
educational settings. The outcomes of this investigation
hold significant promise for advancing automation
technologies and enhancing object manipulation
capabilities in various industrial and educational domains.
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NOMENCLATURE

a distance from Z; axis to Z;.; axis

’ angular rotation from Z; axis to Z;;; axis
from the view of X}, the axis

d distance from X; axis to Xj;; axis

0 angular rotation from JX; axis to X, axis
from the view of Z; the axis

Ty transformation matrix from link O to link 1
T, transformation matrix from link 1 to link 2
T; transformation matrix from link 2 to link 3
T, transformation matrix from link 3 to link 4
Tys transformation matrix from link 4 to link 5
Tss transformation matrix from link 5 to link 6
Tos transformation matrix from link O to link 6
A, B, C  traveling distance of the robot

p angle between Z,Z, and Z,Z,

a angle between Z X, and Z X,
ABBREVIATION

HSV Hue Saturation Value

RL Reinforcement Learning

RGB-D Red Green Blue Depth

ROS Robot Operating System

YOLO  You Only Look Once

CAD Computer-Aided Design

KOPUIITREILE TPUCTYIIA 3ACHOBAHOI' HA
XCB-Y 3A OTKPUBAIE U XBATAIBE
MNPEAMETA O CTPAHE CUCTEMA
HNHAYCTPUJCKOI' MAHUITYJIATOPA

X.K.T. Hro

VY KOHTEKCTy epe WHAYCTpHjalu3aije, poOOTH IOoc—
TENCHO 3aMemYjy pafHUKE y HEKHM (¢a3zama MpOH3—
Bogme. [locToju HemoBpaTaH TpPEeHA Ka YKJbYUHBAamby
TEeXHHKa o0paje CINKe Yy JOMEH KOHTpoiie poboTa.
INocnenmux roguHa, TEXHUKE 3aCHOBAaHE Ha BH3HjU
NIOCTHTJIE Cy 3HauajHe npekpeTHune. Mehytum, Behnna
OBUX TEXHUKA 3aXTeBa CIOXKCHA IOJEIIaBamba, CIIEH—
janu3oBaHe KaMepe M BelITe omeparepe 3a H3pa—
yyHaBame ontepehema. OBaj pany mpexncTaBiba eQu—
KacHO pelleHhe 3aCHOBAaHO Ha BHU3MjH 3a NETEKIHjy U
XBaTame 00jeKkara y 3aTBOPEHUM OKpykemrnmMa. Onrcan
je OKBHp cHcTeMa KOju o0yxBaTa T€OMETpPHjCKa OTpa—
HUYEHa, TEOpHUje yIpaBibamba PoOOTHMA U XapIBEPCKY
wiatgopmy. IIpemnoxkeHn MeTol1, KOju MOKpUBA Kaji—
Opauujy 10 BU3yelHE MPOICHE, NeTajbHO je OMMCaH 3a
PYKOBame 3aJaTKOM JIeTeKIMje M XBarama. Edukac—
HOCT, M3BO/IJBUBOCT M IIPUMEHJBHBOCT HAILIET MPHUCTYIIA
Cy €BHJICHTHH U3 Pe3yJiTaTta U TEOPHjCKHX CHMYJIalHja
U eKCIieprMeHarTa.
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