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Abgtract: The article deals with one of the options respebti control of the trajectory of movement of adsdtory
robot with three degrees of freedom in a predefiagsh. To do this we used data obtained from alesgnsors,
a gyroscope and accelerometer. The inertial nduigas self-supporting navigation technique utiligifor measuring
accelerometers and gyroscopes. By them it is destibwatch a position and orientation of an objetative to a
known starting point. A basic element of each iaémiavigate system (INS) is inertial measure uthigt consists
usually of three gyroscopes for angle speed measumeand three accelerometers for linear speedingaeasurement.

1 Introduction depends on the particular robot. In this artigke, will

The inertial navigation is self-supporting navigati consider the processor, which has three degrees of
technique utilizing for measuring accelerometersl arfreedom (Figure 1), three movable arms with trasia
gyroscopes. By them it is possible to watch a jmsiand movement around the area defined by the rotatichef
orientation of an object relative to a known staytpoint. floor and around the normal area.

A basic element of each inertial navigate systexsjlis The requirement for systems that are able to
inertial measure unit, that consists usually ofe¢hr continuously monitor the orientation and positidnttoe
gyroscopes for ang|e Speed measurement and thmect led to the eXpanslon Of the !nvgstlgatlod ahthe
accelerometers for linear speeding-up measurensnt. autonomous control of inertial navigation. Thesstems
processing of the signals from this equipment it ig1ainly contain a number of sophisticated sensors to
possible to watch the position and orientation. gather data on the position of the object in allastes of

A continual economic force of cost minimization andcartesian coordinate system. From the data cotieben
technological processes streamlining require intioga  these sensors and by using the right arithmeticatipe
and improving. The new methods require detaile®e are able to determine the position of the olije¢he
analysis of the issue and searching for new saistio inertial area [8].

Among effects that require practical attention ¢her In the inertial sensors so far presented a divensge
belong also manufacturing technique inertial natdga ©Of sensors, there is still a place for improvement
systems applications, which can be applied for rimesh Pparticular as regards the accuracy. For exampéegyhos
stability control, vibration progress observatiom iare commonly used to measure angular tilt and angul

mechanical technologies, robots and robotized ptimu ~ Velocity. The requirements for the accuracy of gyeos
systems operative. are constantly increasing their price, while beaami

Inertial navigation is known by its applicationfragile and complicated. However, there are sectors

especially in aircraft industry, tactical and stgic Which they are the only sensible and reliable ahat
miss”es’ space ShipS' submarines and Ships nm'igat gyros. This article describes the use of inertial
The Sma”’ ||ght and price accessible navigatiostms measurement units, mainly in the field of managetm)én
with a chance to be applied also in other areas dite robot by the gyro [1], [2].
produced on the present thanks to the MEMS (Micro-
Electro-Mechanical Systems) technologies expansion.
Nowadays, we have experienced the expansion of
industrial automated robotic workstations used in
particular for mounting purposes in manufacturing
enterprises. Hence is the need for management of
industrial robot in a defined area. In the casandbstrial
robot the system has 3 or more degrees of freediich
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Figure 1 - Robot with three degrees of freedom

2 Analysis of Inertial Navigation System
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The basis is represented by the system of autonr®mou
robot’s trajectory control aimed at the preventioh
collisions. In the new concept, the control of therent
position is dealt with by the autonomous system of
accelerometers and gyroscopes in three axes. Anothe
progressive method, not frequently used so farthes
utilization of INS in the system of robot’s traject
control. If the robot’s position is not calibrated a
regular basis, the deviation will continuously iea@se and
big differences between the real robot’s positiod a
programmed position can grow which is unacceptédnle
practice.

The navigation autonomy, i.e. independence on
external sources of navigation information was rien
reason for INS implementation. In contrast to dheo
navigation systems the inertial navigation is catgdly
self-sufficient and independent on external envirent,

i.e. the system can resist external influences sagh
magnetic faults, electronic disturbances and signal
deformation.

If we implement INS as an independent control into
the robot’s control system, the programmed positith
be constantly compared to its real position inwioeking
environment. Thus, the robot’s position will be
continuously checked and calibrated via the nawigat

Inertial navigation system consists of a measurémegomputer. The deviation does not grow and therenare

unit comprising gyroscopes rotating around thregsax,
Y, Z, then three accelerometers operating in thgss X,
Y, Z (Figure 2) and a navigation computer assesdatg
obtained from measurement devices/instruments.

Figure 2 - Principleif inertial navigation system

differences between the real and programmed positb
the robot [3], [4].

3 Determine the Position of the Robot

In determining the position of a robot as well &s i
management is the ability to use the device, whiotks
in the inertial coordinate system and can deterntiree
position of the arm of the robot in its workspabrethis
case, the robot arm is equipped with a detectiaricee
(an inertial navigation system), which detects speed,
acceleration and rotation of the arm of the rolothe
coordinate system. Using this system, it is pdssib
determine the position of a robot in space very whkre
the other methods for the detection of the positannot
be used. The position can be obtained subsequently
adjusted according to the requirements and thet ratno
is then able to watch any route to reach the désire
position.

Location data obtained from the inertial measuring
device are sent to the management computer, which
compares it with the required values and those are
subsequently adjusted, so the required position En
reached by the robot arm. The data from the manegem
computer are sent to the robot using a robot cbntro
system. The process of sending and checking data is
called reverse validation (Figure 3) [5].
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Figure 3 - Robot trajectory contral, 1. -Control computer, 2. -The control system of the robot, 3. -Robot, 4. -Inertial navigation
sysem
3.1 Determine the Position of the Robot Using on the shoulder of the robot, so we can deterntiree t
the Accd erometer speed of the object at the time as:
Inertial measurement unit measures the kinematic ¢ 4

values - angular velocity and linear acceleratibhe V(t) =V, +J.(R(t) Dilocal(t)—g)dt (1)
earth can be considered an inertial system if wglece 0
spin, then taking into account a kinematic theerrue: if Whereg is represent the vector of gravity acceleration.

we know the initial position of the object as wal its It is possible to determine the location of thesohj
initial speed at the object at the time while weamge R,
together with the acceleration using acceleromeltared

) =dy + V(O =0, + vt + [ RO By (-t @

Due to the use of mathematical operations integrati is also possible as in accelerometer removed lsttieg
occurs over time position error. The size of thisore the zero inertial measurement system. A fundarhenta
depends on the type of inertial measuring systeomdhe difference between the accelerometer and gyros¢ope
quality of the accelerometer in the system. Onéhef that error of integration in accelerometer is geettian in
options to remove the positioning error is resgttthe gyroscope due to a double integration [6], [7].
zero point of inertial measurement system at regula

intervals [6]. 4  The Management of the Experimental
. " _ Platform of Robot
3.2 Determine the Position of the Robot Using Our experimental platform (Figure 3) is designethwi
the Gyroscope the ease of possible forms management model laivgrat

In determining the position of a robot using &obot using inertial control system. Model of the
gyroscope, inertial measurement unit using the langu|aboratory robot consists of three dc motors. Fheans
velocity ® measured around the axesy, zin Cartesian that the robot has three degrees of freedom; eatbrris
coordinate system. From the measured angular #lochne degree of freedom. For controlling the robatsed
using mathematical adjustments we calculate thelang inertial navigation system named x-IMU. Using three
rotation ¢. This represents a motor rotation respectiveljyroscopes contained in an inertial navigationesystve
rotation of each arm of the robot. So thanks &dhtput measure the rotation in three axes. These gyroscope
data of the gyro we can determine the positionhef t represent the rotation in axes x, y and z, which ar
robot arm in space. The output of the gyro can hgranged as in Cartesian coordinate system. By the
analogue or digital. Processing outputs is using tapplication created in the programming language C #
management computer to calculate the necessarygehapunning on the management computer, the collected d
in order to move the robot arm to desired position are transferred to the degrees of rotation, and they
space. This type of controlling position is calkedeverse are sent to the control interface, which manages th

validation. _ _ individual robot motors [9].
When measuring the rotation of gyroscope an error

occurred when integrated, which increases over. fithis
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Figure 4 - Theinvol vement of an experimental platform. 1- x- MU, 2. -control computer, 3. - control interface, 4. - modd of the robot
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