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Abstract—The technology for determining the location of an object on the ground is the foundation for
building vehicle navigation systems and surveillance systems after them. In general, such navigation
systems make it possible to determine the coordinates of the vehicle’s location and its directional angle,
find the direction to the destination, and calculate the coordinates of observation objects. The technical
implementation of systems can be quite diverse — from implementation on mechanical elements to their
implementation using microelectronics elements. The main factors in the development of navigation
systems are the transition to computer-integrated systems and resource-saving technologies. This will
make it possible to increase the accuracy of navigation information, obtain a significant gain in the
weight and size characteristics of the equipment, reduce its energy consumption and increase reliability.
The possibility of modernization of odometrical navigation systems based on integrated computer

technologies is considered.

Index Terms—Navigation; odometer; coordinates; location; destination; steering angle; road system;

course system; calculator.
I. INTRODUCTION

Location technology is the foundation for
building vehicle navigation systems and surveillance
systems after them. In land transport, odometric
methods for determining location are most
commonly used. In general, odometric navigation
systems allow solving three navigation problems in
accordance with well-known algorithms [1]:
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directional angle of the object before the start of
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coordinates of the destination; D, is the distance
from the moving object to the object of observation;
o, is the directional angle of the observed object.
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Note that the initial data for solving the second

problem are not only the coordinates of the
destination X, ,Y. , but also the current coordinates
of the vehicle X,Y . Without knowing the current
coordinates of the vehicle, the third navigation task
cannot be solved. So, the first navigation task is the
main one.

terrain relative to the horizon plane;

II. PROBLEM STATEMENT

The functional and logical diagram for solving
the first navigation problem is shown in Fig. 1. Its
analysis indicates that the generalized components
of an odometric navigation system are heading and
track systems, a computer and information display
devices.
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Fig. 1. Functional logic diagram with a continuous counting and solving device:
SS is the speed sensor; I is the integrator; ST is the servo transmission; GDI is the gyro direction indicator;
TS is the tracking system; SCC is the sine-cosine converter; MM is the multiplying mechanism

The technical implementation of each of these
parts can be quite diverse. Thus, the first generation
of navigation systems were continuous systems. In
them, all elements of the functional circuit were
implemented by devices with continuous input and
output signals. They were performed mainly on
mechanical elements. Calculators of this type were
characterized by dynamic and static errors caused by
the inertia of moving parts, friction in supports,
slipping of friction gears and other factors.

Second generation of navigation systems work
with discrete signal conversions and are designed
using modern electronic-mechanical means and
microelectronic elements. The functional and logical
diagram of the system with a discrete computer is
shown in Fig. 2.

Typically, in discrete systems, a speed sensor SS
produces pulses f, , the frequency of which is

proportional to the speed of the machine, and their
number is proportional to the distance traveled. In a
sine-cosine converter SCC, pulses are generated
whose  transmission frequency f., f, is

proportional to the rate of change of coordinates X
and Y . The converter C is based on pulses f, and

Jf, generates coordinate increment pulses f, , f,,

that are supplied to stepper motors EM_ and EM

of corresponding counters. The level of modern
development of automation and technology allows
us to offer a computer-integrated odometric system.

III. PROBLEM SOLUTION

The functional and logical diagram of the
computer-integrated odometric navigation system is
shown in Fig. 3.

The basis of the system is a computer complex
designed for entering, storing, processing and
transmitting information. The variants of the latest
modernizations of odometric navigation of vehicles,
providing the necessary quality indicators, can be
used as a course and track system. The rangefinder
and sighting devices are easy to select within the
framework of conversion programs. The system can
be programmed to solve both the first and all three
navigation tasks. In addition, it can additionally
implement methods for determining and correcting
initial navigation information under special
conditions, set out in [2].

The results of simulation of the solution of the
first navigation problem by the TNA-3 odometric
navigation systems and the computer-integrated one
are shown in Fig. 4.
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Fig. 2. Functional logic diagram with a discrete computer
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Fig. 3. Functional and logical scheme of a computer-integrated system
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Fig. 4. Simulation results

The route of the vehicle, calculated by TNA-3
equipment, is indicated by dots, and by the
computer-integrated system with crosses. On
average, the discrepancy of navigation information
does not exceed 7%, which confirms the possibility
of using computer complexes as computing devices
of odometric navigation systems. Improving the
software will allow receiving high-precision
navigation information.

IV. CONCLUSIONS

Modernization of odometric navigation systems
based on built-in computer technologies is the
beginning of the creation of third-generation
systems.

The integration of a computer-integrated
odometric system with a satellite one may become a
priority. At the same time, its use as an autonomous
one is largely justified not only from the standpoint
of processing homogeneous navigation information
in order to increase its reliability, but also by the
need to use only it in special conditions.
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0. K. AbaecimoB, O. A. HocoBa. OnomeTpuuHi HaBiramiiini cucremu

Jlany poGoTy MpUCBAYCHO MOAEPHi3allii 0JOMETPUYHNX HABITALIMHUX CUCTEM Ha OCHOBI iIHTETPOBAHHX KOMIT IOTEPHHUX
TexHoyorii. [loka3aHo, IO TEXHOJIOTiS BU3HAYEHHS MICIs pO3TAllyBaHHS 00’€KTa Ha MICHEBOCTI € OCHOBOIO JUISt
MoOYZOBH HAaBIralliiHUX CHCTEM TPAHCIIOPTHUX 3acO0IB 1 CHCTEM CIIOCTEPE)KEHHS 32 HUMH. 3arajloM HaBiramiiHi
CHCTEMH JIO3BOJIIOTH BU3HAYaTH KOOPJMHATH MiCLE3HAXO/KEHHS aBTOMOOLIS Ta HOro AMPEKUiHHHUN KyT, 3HAXOJUTH
HanpsiIMOK JI0 MYHKTY IIPU3HAUCHHS TAa PO3PaxOBYBAaTH KOOPIMHATH OO’ €KTIB crocTepexeHHs. TexHiuHa peaiizaiis
cucTeM MoXe OyTH JOCHTh PiI3HOMAaHITHOIO — B1JI peasti3allii Ha MEXaHIYHHUX eJIEMEHTax /10 peanizalii 3 BAKOPUCTAaHHSIM
€JIEMEHTIB MIKPOEJICKTPOHIKK. BcTaHOBIIEHO, 1110 OCHOBHUMHY (pakTOpaM¥ pO3BUTKY HaBirauifHUX CUCTEM € Mepexija 10
KOMIT IOTEPHO-IHTETPOBAaHUX CHCTEM 1 pecypcosdepiratounx TexHoJorid. Ile macTh 3MOTy MiIBUIIMTH TOYHICTH
HaBiramiiHoi iHpopmMarlii, OTpUMaTH 3HAYHUI BUTpAIl y MacorabapuTHUX XapaKTEPUCTHUKaX OOIaTHAHHS, 3MECHITUTH
HOTO €HEePrOCIOKUBAHHS Ta ITiABUIUTH HAIIHHICTB.

KurouoBi cioBa: Hapiraiisi; oJoMeTp; KOOpIAWHATH, MiCIIE3HAXODKEHH; IMyHKT MPU3HAYEHHS; KYT KypCy; IUIIXOBa
CHCTEMa; KypCcoBa CHCTEMa; PaXyHKOBO-BHPIIIAILHUAN TPUCTPIH.
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