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Abstract—The report is devoted to the problem of creating a
modern range instrumentation complex (RIC) for the testing of
the precision-guided weapons. RIC will provides extremely
achievable accuracy and reliability of estimation the trajectory
parameters of the highly dynamic objects being tested.
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I. INTRODUCTION

At present, in Ukraine, the problem of creating a modern
Range Instrumentation Complex (RIC) for flight-design tests
of precision-guided weapons (highly dynamic flying vehicle —
HDFV) — aeroballistic, cruising and antiaircraft missiles, air-
launched weapons, etc. is extremely urgent.

In the course of field tests using trajectory measurement
systems (TMS), the parameters of the HDFV trajectories
(coordinates, velocity vector components and acceleration
vector components) are determined [1-12, 28-33]. These
independent high-precision measuring instruments make it
possible in the RIC Information and Analytical Center (IAC)
to compare the data of the on-board HDFV navigation systems
and the independent TMS determinations transmitted via
telemetry channels and objectively assess the quality of
functioning of the on-board HDFV guidance systems, as well
as identify the causes of emergency situations at all stages of
flight of various types of precision-guided weapons.

The accuracy of determining the HDFV trajectory
parameters using the TMS should be several times (usually
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~5-10 times) higher than the accuracy of the on-board
navigation systems of the HDFV guidance loop, which makes
it possible to objectively perform the metrological control and
certification of the on-board HDFV navigation and guidance
means. The results of the preliminary analysis show that
depending on the HDFV type and the tasks they solve, the
root-mean-square  (RMS) errors for determining the
parameters of surface objects trajectories (including
determining the rendezvous point position) in a given
rectangular topocentric coordinate system should be in the
range from ~0.1-0,5m to ~3-5m. The RMS of the velocity
vector components determination should not exceed
~3-7cm/s. The range instrumentation for trajectory
determination existing in Ukraine [12, 28-33] do not satisfy
such requirements or partially satisfy.

Currently, for field tests the radio location stations (RLS) and
Laser Opto-Electronic Stations (LOES) [13-21] are used, which
provide the measurements of azimuth, elevation, range (RLS,
LOES), as well as Doppler frequency shifts (RLS) of the
monitoring objects. Based on the results of the measurements, the
required HDFV trajectory parameters are determined in given
rectangular or in other coordinate systems. Analysis of the RLS
capabilities [12] to ensure testing of the existing and prospective
HDFV samples showed the unsatisfactory level of trajectory
determination accuracy (from several tens up to hundreds of
meters in coordinates). As for the existing LOES, their angular
coordinates measurement errors are in the range from ~10-30 to
~60-100 angular seconds. [11] that is also not enough in order to
achieve the modern requirements for the accuracy of the
trajectory parameter determination for a limited operational range
of LOES (~10-20 km) [11].
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Taken together, this causes the necessity of the development
and implementation of modern high-precision measuring
systems, opto-electronic and radio engineering ones, as well as
the creation of technologies for cooperative centralized
processing  (complexation/data  fusion) the  measuring
information of TMS, included in the RIC, in order to improve
the trajectory determination validity and accuracy during field
tests of the already existing and prospective weapons.

The report considers the systemic solution to the problem of
creating a modern RIC which will provide centimeter/decimeter
accuracy and validity of the assessment of the trajectory
parameters of the HDFV samples by complexation (data fusion)
the measuring information (with spatial-temporal redundancy)
of the TMS with different physical principles of architecting
and functioning.

The cooperative operation and processing of the redundant
results of trajectory measurements of several systems will
provide a significant increase in the validity and accuracy of
trajectory determination results, will allow evaluating the error
parameter models of the measurements of each of the systems,
will identify and eliminate unaccounted systematic errors of
RIC measuring systems, to carry out the certification of other
measuring instruments, in particular, the on-board measuring
systems of navigation (radio engineering, inertial, etc.) and
HDFV motion guidance. It is expected that the determination
of the HDFV movement parameters will be carried out with
centimeter/decimeter accuracy throughout the entire coverage
area of the measuring systems that are part of the RIC.

PURPOSE OF THE PROJECT

I1l1. THE STRUCTURE OF THE RANGE INSTRUMENTATION
COMPLEX

To ensure the spatial and temporal redundancy of trajectory
measurements, it is proposed to use small-sized LOES, united
by an information and communication subsystem into opto-
electronic systems (OES), as well as to use multi-position Phase
Comparison and Doppler Radio systems (PDRS) which use the
Global Navigation Satellite Systems (GNSS) signals.

The opto-electronic system being created assumes the use
of a group (network) of stations (LOES), which are located
along the HDFV flight route. Each LOES in its area of the
responsibility is programmed to support the HDFV on the
predicted trajectory section. The programming process is
automated and is carried out simultaneously for all LOES. In
the process of tracking each LOES transmits through the
communication channel the current HDFV coordinates for the
LOES, which is next in line in the standby mode. Based on
these data, the coordinates of the expected capture point and
the HDFV flight path are corrected in relation to the predicted
one. The number of LOES in the optical-electronic system is
determined depending on the length of the route and the
maximum flight altitude of the controlled HDFV. 1t is
expected that the joint use of a group (network) of LOES will
significantly increase (in relation to individual LOES) the
accuracy and validity of the HDFV trajectory determinations
and achieve a centimeter/decimeter accuracy level in the
autonomous mode of operation.

PDRS includes the equipment that is installed on board the
HDFV: an on-board GNSS-receiver, an onboard transmit/receive
antenna system, a telemetric radio line «airborne-ground», a
network of ground (or sea) GNSS base stations located along the
HDFV flight path. PDRS is based on the principles of accurate
GNSS positioning using on-board dual-frequency code, carrier-
phase and Doppler GNSS observations [16-20], which are
transmitted via telecommunication channels to the center for
gathering and processing of measurement information. To
achieve high accuracy in determining the trajectory parameters of
the HDFV movement it is proposed to use base GNSS stations
and the method of differential and autonomous carrier-phase
GNSS-positioning, which implements the centimeter/decimeter
accuracy of the trajectory parameters [17, 18, 20]. For reliable
reception of GNSS signals (under conditions of HDFV
maneuvering and/or rotation while in motion) and the
simultaneous transmission in real time of measurement results
from the HDFV to receiving stations, the implementation of on-
board antennas of various configurations are considered. The
expected accuracy (RMS) of autonomous HDFV trajectory
determinations using PDRS is (depending on the implementation
method) from ~3-5 cm to several decimeters for coordinates and
~5 cm/s for velocity vector components.

The cooperative processing and analysis of measurement
information is provided by IAC of the RIC. The RIC equipped
with OES and PDRS will ensure the operation in the widest
possible range of weather conditions and time of day,
assessment of the parameters of trajectories of all types of
HDFV in the specified ranges of altitudes, speeds and overloads
from the moment of launch to the moment of rendezvous with
various air-based, surface-based and sea-based objects.

In the course of work it is supposed to develop and
test (both by mathematical modeling and by carrying out real
field measurements) a RIC prototype, including OES and
PDRS prototype units, as well as a prototype of mathematical
and software complex for autonomous and cooperative
processing of observations in the IAC.

IV. CONCLUSIONS

The structure of a modern RIC, including high-precision
Opto-Electronic System and Phase Comparison and Doppler
Radio System, as well as an Information and Analytical
Center with the functions of complexation (data fusion) of the
redundant trajectory measurements is proposed. Such a
complex will provide the opportunity of carrying out the
reliable tests of existing and promising samples of domestic
high-precision weapons which will help to increase the
defense capability and security of Ukraine.
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