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Abstract: The paper comments the new possibilities of utilizing the inertial navigation system in a manufacturing
technique. It deals with new principles of robots and inertial navigation systems based robotized production systems
operating reliability. The inertial navigation is self-supporting navigation technique utilizing for measuring
accelerometers and gyroscopes. By them it is possible to watch a position and orientation of an object relative to a
known starting point. Currently, for the 3D inertial navigation execution the inertial navigation system (INS) is used and
you can encounter it on the board of army or civil airplanes where it is the primary source of navigation information.
INS includes one navigation computer at minimum and a platform or module comprising accelerometers and
gyroscopes. The reason to use INS for navigation is its autonomy and impossibility of purposeful interrupting its
operation from the outside.

1

Introduction

The inertial navigation is self-supporting navigation
technique utilizing for measuring accelerometers and
gyroscopes. By them it is possible to watch a position and
orientation of an object relative to a known starting point.
A basic element of each inertial navigate system (INS) is
inertial measure unit, that consists usually of three
gyroscopes for angle speed measurement and three
accelerometers for linear speeding-up measurement [1],
[2] . By processing of the signals from this equipment it is
possible to watch the position and orientation.
Inertial navigation is known by its application
especially in aircraft industry, tactical and strategic
missiles, space ships, submarines and ships navigation.
The small, light and price accessible navigation systems
with a chance to be applied also in other areas are
produced on the present thanks to the MEMS (MicroElectro-Mechanical Systems) technologies expansion.
A continual economic force of cost minimization and
technological processes streamlining require innovations
and improving. The new methods require detailed
analysis of the issue and searching for new solutions.
Among effects that require practical attention there
belong also manufacturing technique inertial navigation
systems applications, which can be applied for machines
stability control, vibration progress observation in
mechanical technologies, robots and robotized production

systems operative, production system clashing cases
preventing et cetera.
Continuous assessment of the controlled and
navigated robot using the sensors for motion detection,
i.e. gyroscopes and accelerometers can be ensured by
inertial navigation. Via the navigation computer and data
obtained from the motion detectors the position,
orientation as well as the direction can be constantly
determined without using external information sources.
The current position of the object is assessed on the basis
of knowing the initial position and subsequent continual
measurement of acceleration and direction of the motion
in the reference system. The inertial navigation principle
is based on Newton´s laws expressing the motion change
at using the external forces as well as the acceleration
which is proportional to the orientation and size of the
external force [3], [4].

2

Inertial navigation system analysis and
description

Currently, for the 3D inertial navigation execution the
inertial navigation system (INS) is used and you can
encounter it on the board of army or civil airplanes where
it is the primary source of navigation information. INS
includes one navigation computer at minimum and
a platform or module comprising accelerometers and
gyroscopes. The reason to use INS for navigation is its

~ 15 ~
Copyright © Acta Simulatio, www.actasimulatio.eu

Acta Simulatio

- International Scientific Journal about Simulation
Volume: 1 2015 Issue: 2 Pages: 15-18 ISSN 1339-9640

THE REVERSE VALIDATION OF TRAJECTORIES FOR ROBOT
Vadim Lyalin; Alexander Lozhkin; Vanessa Prajová; Pavol Božek

autonomy and impossibility of purposeful interrupting its
operation from the outside. The sensors of acceleration
(accelerometers) as well as the sensors of angular velocity
(gyroscopes) are firmly attached to the platform
connected the navigated means.
The basic element INS is represented by IMU, Inertial
Measurement Unit. Sensors whose outcome is influenced
only by object motion on which the IMU is located are
considered as primary sensors of IMU. These primary
sensors in the inertial navigation are used for n are
represented by angular velocity/speed sensors whose
output signals after integration are used for the
determination of orientation in space and the
accelerometers whose output signals after precise
compensating the gravitation acceleration and Coriolis
force can be integrated into the velocity and position.
Platform-free systems have the sensors located into the
3D coordinate system so that each axis of the navigated
object corresponds to the accelerometer´s sensitivity axis
as well as to the angular velocity sensor. Such an inertial
measurement unit has six degrees of freedom, i.e. it
allows the measurement of transaction and rotation
movements in three-orthogonal axes. The inertial sensors
accuracy is of key significance in the autonomous
navigation [5].
For industrial robots the orientation, or precise
determination of the programmed point in space is
the necessary condition for their moving without collision
or accident which is essential not only of a robotic device
but of the running process as well. Currently, when for
increasing the reliability of robotized workplaces
operation in the production technology comes into
consideration the main orientation is on integrating the
inertial navigation systems into the control process and
operation control of robotic as well as other peripheral
means of production systems [6], [7] .

navigation systems on the basis of hybrid MEMS (microelectro-mechanic-systems) sensors which appeared not
long ago. The research in INS is running in several
branches of industry related to aviation, rockets, ships,
however, nobody has researched these systems
implemented in the field of control neither control of
industrial robots in real time.
Inertial navigation system consists of a measurement
unit comprising gyroscopes rotating around three axes X,
Y, Z, then three accelerometers operating in these axes X,
Y, Z (see Figure 1) and a navigation computer assessing
data obtained from measurement devices/instruments.
The basis is represented by the system of autonomous
robot´s trajectory control aimed at the prevention of
collisions. In the new concept, the control of the current
position is dealt with by the autonomous system of
accelerometers and gyroscopes in three axes [8]. Another
progressive method, not frequently used so far, is the
utilization of INS in the system of robot´s trajectory
control. If the robot´s position is not calibrated on a
regular basis, the deviation will continuously increase and
big differences between the real robot´s position and
programmed position can grow which is unacceptable for
practice.
The navigation autonomy, i.e. independence on
external sources of navigation information was the main
reason for INS implementation. In contrast to all other
navigation systems the inertial navigation is completely
self-sufficient and independent on external environment,
i.e. the system can resist external influences such as
magnetic faults, electronic disturbances and signal
deformation.
If we implement INS as an independent control into
the robot´s control system, the programmed position will
be constantly compared to its real position in the working
environment. Thus, the robot´s position will be
continuously checked and calibrated via the navigation
computer [9], [10], [11]. The deviation does not grow and
there are no differences between the real and programmed
positions of the robot.

3

Figure 1 Basic principle of INS activity

A new and not researched control method of robots´
trajectory as well as of other means and components in
production so far is represented by utilizing inertial

Position of the Robot

In determining the position of a robot as well as its
management is the ability to use the device, which works
in the inertial coordinate system and can determine the
position of the arm of the robot in its workspace. In this
case, the robot arm is equipped with a detection device
(an inertial navigation system), which detects the speed,
acceleration and rotation of the arm of the robot in the
coordinate system. Using this system, it is possible to
determine the position of a robot in space very well where
the other methods for the detection of the position cannot
be used. The position can be obtained subsequently
adjusted according to the requirements and the robot arm
is then able to watch any route to reach the desired
position.
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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 can be
reached by the robot arm. The data from the management
computer are sent to the robot using a robot control
system. The process of sending and checking data is
called reverse validation [12].
Inertial measurement unit measures the kinematic
values - angular velocity and linear acceleration. The
earth can be considered an inertial system if we neglect
spin, then taking into account a kinematic theory is true: if
we know the initial position of the object as well as its
initial speed at the object at the time while we measure R,
together with the acceleration using accelerometer placed
on the shoulder of the robot, so we can determine the
speed of the object at the time.
Due to the use of mathematical operations integration
occurs over time position error. The size of this error
depends on the type of inertial measuring system or on the
quality of the accelerometer in the system. One of the
options to remove the positioning error is resetting the
zero point of inertial measurement system at regular
intervals.
In determining the position of a robot using a
gyroscope, inertial measurement unit using the angular
velocity ω measured around the axes x, y, z in Cartesian
coordinate system. From the measured angular velocity
using mathematical adjustments we calculate the angular
rotation φ. This represents a motor rotation respectively
rotation of each arm of the robot. So thanks to the output
data of the gyro we can determine the position of the
robot arm in space [13], [14]. The output of the gyro can
be analogue or digital. Processing outputs is using the
management computer to calculate the necessary change
in order to move the robot arm to desired position in
space. This type of controlling position is called a reverse
validation.
When measuring the rotation of gyroscope an error
occurred when integrated, which increases over time. This
is also possible as in accelerometer removed by resetting
the zero inertial measurement system. A fundamental
difference between the accelerometer and gyroscope is
that error of integration in accelerometer is greater than in
gyroscope due to a double integration [15].

4

Application of inertial navigation system

Figure 2 shows robot 1 controlled by the central
computer 2. In the place of robot 1 which is prior defined
the autonomous system INS 3 is located and is connected
to the navigation computer 4 which is connected via the
series peripheral interface SPI 5 to the central computer 2.
This way it is possible to continuously control the
trajectory as well as the position of the observed point in
the working environment of the robot 1.
If the initial position of robot 1 is defined, the initial
position of INS 3 attached to the robot 1 is defined as

well. The motion and current position of robot 1
controlled by the central computer 2 in the working
environment is continuously checked and compared to the
data of the autonomous INS system 3 about the position
by the navigation computer 4 via the series peripheral
interface 5.

Figure 2 Implementation of the robot´s autonomous trajectory
control
1 – robot, 2 – central computer, 3 – inertial navigation system,
4 – navigation computer, 5 – series interface

The navigation computer 4 validates the immediate
position of robot 1 and by means of the series SPI
peripheral interface 5 it communicates with the central
computer 2 making thus the position of robot 1 more
precise. This way the robot´s position is constantly
assessed and specified by autonomous INS. We speak
about Reverse Validation [16], [17] .
Once the autonomous INS system is applied in the
system, no position sensors are necessary. During the
repetitive motions robot 1 records the position deflections
to the programmed position exponentially growing with
the operation time. To minimize the measurement
deflections, it is necessary to carry out the continuous
calibration of the robot´s position by the system of
autonomous control of the robot´s trajectory. When we
deploy the autonomous INS system into the control
system of robot 1, the calibration is not needed since the
autonomous INS system constantly communicates with
the navigation computer 4 via the series SPI peripheral
interface 5. The central computer 2 assesses the data from
the navigation computer 4 and compares them to the data
form the control program. Then by the evaluation of the
differences in data, it immediately declines the deflection
to minimum in real time.
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Conclusion

For industrial robots the orientation, or precise
determination of the programmed point in space is the
necessary condition for their moving without collision or
accident which is essential not only of a robotic device
but of the running process as well. Currently, when for
increasing the reliability of robotized workplaces
operation in the production technology comes into
consideration the main orientation is on integrating the
inertial navigation systems into the control process and
operation control of robotic as well as other peripheral
means of production systems [18].
A new and not researched control method of robots´
trajectory as well as of other means and components in
production so far is represented by utilizing inertial
navigation systems on the basis of hybrid MEMS sensors
which appeared not long ago. The research in INS is
running in several branches of industry related to aviation,
rockets, ships, however, nobody has researched these
systems implemented in the field of control neither
control of industrial robots in real time.
The system of autonomous control of the robot´s
trajectory can be used for the determination of the precise
robot´s position in its working environment.
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