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Abstract

The article is devoted to analysis of avionics components samples with a view to creating an integrated
avionics synthesis methodology remotely piloted and unmanned Aerospace Dynamic Objects (ADO), which
provides a comprehensive solution of problems of navigation and synergistic control ADO air navigation in
space. Methods: The analysis and setting objectives are the basis for the development of modern techniques
for combining and processing primary data, methods to solve navigation problems, methods of solving
problems in the management of complex integrated avionics ADO. In particular, this invariant compensation
method for combining primary sources of information, complete correlation-extreme methods of navigation,
control method synergistic ADO. Results: Using these techniques will increase the effectiveness of solving
problems of navigation and control both civilian and military ADO, in terms of accidental and intentional
interference, the failures of avionics. Discussion: Based on the provisions set a prototype integrated avionics

for ADO navigation and control synergistic with current approaches has been developing.

Keywords: navigation and control; integrated avionics system; unmanned aerial vehicles.

1. Introduction

The rapid development of aviation and space
technology, which is observed in recent decades
contributes fundamentally review the operation
concepts of aerospace systems in the same space of
Air Navigation [1, 2]. Formation of new fundamental
concepts such as the concept CNS/ATM, Free Flight,
A3 etc., leading to the nomination of the new
requirements on the structure and principles of
modern avionics ADO. Despite the fact that Ukraine
is a state aircraft, aircraft industry domestic
enterprises do not have sufficient experience
developing and manufacturing advanced avionics
systems. Usually avionics for unmanned aircraft
Ukraine shipped from abroad, which were purchased
in the leading European manufacturers of avionics.
Research and development of such systems in
Ukraine is spontaneous and decentralized. Along with
that there are no domestic theoretical work on the
synthesis of integrated avionics. Thus, in Ukraine
there was a problem situation, which is the need to
equip local ADO avionics systems of its own design

and production system and lack of a unified
methodology of hardware and software systems
integrated avionics ADO [3].

2. Analysis of the latest research and publications

The staff of the National Aviation University have
made a significant contribution to the development of
the theory of synthesis of integrated avionics systems,
particularly invariant developed the concept of
integration of navigation aids - so-called invariant
compensation scheme for integration of navigational
aids based on nonlinear discrete filter; the method of
complex correlation-extreme navigation compatible
with processing information and navigation data
evaluation; Energy-developed potential method for
solving the poly-conflicts of aircraft in free flight
conditions [4].

In this direction is planned to further develop and
improve invariant compensation scheme through the
use of special operation entry "acceleration”" scheme
based on regression algorithm using the device
sensitivity theory; expansion methods correlation-
extreme navigation. Requires further development
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and improvement of methods avionics system
integration ADO for solving navigation and
synergistic management on common methodological

basis, in conditions of uncertainty, lack of
information, intentional interference and random
failures.

From the standpoint of the theory of complex
dynamic systems in the work expected to address the
problem at two levels of theoretical research: level
navigation tasks solution to improve the accuracy and
reliability of the definition phase coordinates ADO
and synergistic management level synthesis
formations ADO.

The basic idea of the first level investigation is to
improve existing and develop new methods of
primary processing, methods to solve navigation
problems, methods of information integration and
their system use in an integrated avionics [5].

The basic idea of the second level investigation is
to create a virtual environment, giving it synergistic
properties of objects real physical systems,
determining parameters of traffic of objects in the
virtual environment and use of derived parameters for
the synthesis of synergetic self management group or
traffic manned, remotely piloted and unmanned ADO
in the CNS/ATM environment.

The relevance of confirmed new requirements for
avionics systems ADO, due to the current global
trends:

- increasing intensity of aircraft flight and increase
the number of conflicts between them;

-nomination  global  aviation = community
requirements the transition from regulated flight
trajectories to their free flight autonomy and board;

- simultaneous use of a single aeronautical space
heterogeneous dynamic objects (manned, remotely
controlled, unmanned);

- increasing use of remotely piloted and unmanned
aerial vehicles to solve problems and civilians in
areas of armed conflict.

The above trends impose strict requirements for
methods of navigation and control their
implementation in modern integrated complex
avionics ADQO. Complex solution of this problem is
not only crucial, but in theoretical terms is classified
as high complexity tasks.

3. Research tasks

The problem of designing prospective avionics today
refers to the priority areas of the aviation industry.
Basic scientific research in this area are carried out by
experts of Aviation in the search for new concepts of
designing hardware and software within the

framework of the implementation of new
technologies, materials and element base in the
aviation product samples. The search for new
concepts of designing hardware and software aimed
at improving the structural organization of the on-
board systems to meet the continuously increasing
demand [6].

4. Integrated Modular Avionic concept

The introduction of new technologies, materials and
element base in the aviation product samples aimed at
changing technical and economic parameters of
avionics in order to make on-board systems of the
new qualities or to improve the quantitative
performance of the existing equipment. At the present
stage avionics developers some progress in
addressing the particular problems of designing
individual components due to the introduction in the
development of promising functional technology,
hardware and software integration equipment, but the
problem of building integrated avionics computer
systems remains unresolved fully up to date. The
purpose of this article is to present a wide range of
issues of design professionals integrated computer
systems that make up the core of advanced computing
systems avionics. The reader will find a brief
overview of the results now achieved by developers
and proposed for more detailed acquaintance modern
approach to the design of the avionics perspective - an
approach based on the introduction of on board UAV
structures integrated modular avionics [6].

The main result of the international experts in the
development of architecture and components of the
avionics is now approved by ARINC (Aeronautical
Radio Inc., USA) and developing the concept of
integration of national experts on-board equipment -
the IMA concept (Integrated Modular Avionic), the
foundations of which are set out in the standard
ARINC 651 «Design Guidance for Integrated
Modular Avionic». The standard has defined a new
direction in the improvement of aviation instrument
and outlined the prospects for the development of the
aviation industry for decades to come. ARINC 651 is
a coherent and legally approved in the United States
view the representatives of airlines, operators of
aircraft, aircraft manufacturing companies and the US
aviation equipment and a number of other countries
on the approach to the systematization of avionics
design.

IMA concept covers the following groups of
design problems aircraft instrument:

— the establishment and implementation of IMA in
the development of the avionics;
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—used in the development of avionics technology;

— implementation of fault tolerance of onboard
equipment;

—principles of the on-board network of
information exchange (on-board data network);

— architecture of avionics;

—software architecture of avionics
components;

— development certification (avionics hardware
and software);

— testability and maintainability of avionics and
object a whole;

—range of sources and data
(subscribers on-board local data network).

IMA concept involves the separation of the
functional components of avionics into three
hierarchical levels:

—the lower level of the hierarchy form a unified
structural and functional modules for different
purposes, with their own computing devices in a
compact standardized design;

— the average level of the hierarchy form a multi-
processor computer systems, modules created from
the lower level and constructively performed in a
standardized package;

— the highest level of the hierarchy is an onboard
local area network based on the network interface of
the central high bandwidth computing means
integrating racks midrange.

For the organization of the central on-board
network interface high bandwidth enterprises today
aircraft instrument experts worked out a constructive
and technological solutions for the implementation on
the aviation and space ADO for new or existing:

—intersystem interface Fiber Channel (ANSI
X3T11); Scalable Coherent Interface (ANSI / IEEE
Std 1596-1992); Myrinet; Gigabit Ethernet; ARINC
664; Asynchronous Transfer Mode; FireWire (IEEE
1394) etc.;

—intrasystem interfaces Scalable = Coherent
Interface — SCI (ANSI / IEEE Std 1596-1992); Fiber
Channel — ANSI X3T11; VME; PCI Compact; SKY
Channel Packet Bus; LVDS (TIA / EIA 644) etc. [6]

Among foreign avionics projects carried out in
accordance with the basic provisions of the IMA
concept, deserve the attention of the following
systems, a review is given below.

and its

consumers

5. MicroPilot components

MicroPilot serves UAV  manufacturers who
maintain high standards for both the hardware they

integrate into their systems and the software that
drives them. Our customers require products that are
reliable, scalable and customizable. MicroPilot has a
solid reputation that supplies consistent products,
services, and support [7]. Incorporated in 1994,
MicroPilot has served over 850 clients in over 70
countries during its 20+ years in business. With such
a stronghold and longevity in the industry,
MicroPilot has maintained itself as the world leader
in professional autopilots for UAVs and MAVs.
MicroPilot serves small UAV manufacturers, large-
scale defense and research enterprises, and all that
exists between. Some of the organizations we serve
include NASA, Raytheon, and Northrop Grumman.

Customizable Products.

MicroPilot offers a family of lightweight UAV
autopilots that fly fixed-wing, transitional,
helicopter, and multi-rotor UAVs. Some of our
autopilots’ popular features include:

¢ Airspeed and altitude hold;

e Turn coordination;

e GPS navigation;

e Vertical takeoff and landing (VTOL);

e Autonomous operation from launch to
recovery.

Circuit Board Autopilots.

MP2x28 Series Autopilots

Since the company began in 1994, MicroPilot
autopilots have been compact, lightweight, and
powerful. They have flown everything from one-
pound MAVs/backpacks to high-speed, turbine-
powered drones. MicroPilot offers more flexibility
and selection in autopilots than ever before to meet
clients' needs, ranging from sophisticated data and
imaging UAV systems to entry-level or single-use
applications. From our single-use autopilot
(MP2x28) all the way up to our powerful VTOL
autopilot (MP2128"%) " MicroPilot provides a
seamless upgrade path. No other autopilot
manufacturer offers such adaptable technology or
such a range of autopilot options at quantity pricing.
This makes MicroPilot the single-vendor solution
for all autopilot hardware, software, and accessory
needs. This also positions to grow and adapt at a
fraction of the cost so that newly developed UAVs
can get in the air faster with better autopilot control.

MP2128"¥2 " Incorporates all the functionality
need to fly both VTOL and fixed-wing UAVs in an
ultra-small autopilot. Based on proven MicroPilot
autopilot technology, it flies fixed-wing and heli
UAVs. Upward-compatible with the
MP2x28% series of autopilots. Includes Ublox 4 Hz
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GPS module and compass module. Supports fully
autonomous flight from takeoff to landing.

MP2128%, Comparable in size to the
MP2028% but with 50 times the processing power.
Offering upward compatibility with the popular
MP2x28%, MicroPilot's MP2128% provides a 50-
fold increase in processor power, double the
memory, and twice the input/output channels. The
MP2128% is MicroPilot's premium autopilot and the
autopilot of choice for high-performance miniature
UAV.

MP2028%*. The autopilot that will take miniature
UAV  from vision to  reality. The
MP2028% established a new benchmark for
lightweight UAV autopilots. Weighing only 28
grams, including all sensors and a GPS receiver, this
UAYV autopilot is the smallest in the world. With a
proven track record, the MP2028% packs everything
need into one powerful UAV autopilot.

MP1028%. Bringing MP2028%* performance to
the entry-level UAV operator. The MP1028% is the
lowest-cost member of the MicroPilot family of
UAV autopilots. With the same small size and
weight as the MP2028%, the MP1028% offers all of
the reliability and the most important features of the
MP2028%%. The MP1028% autopilot is suitable for
entry-level UAV applications where cost is the
overriding consideration.

trueHWIL™. The highest fidelity available in
UAV autopilot simulators. MicroPilot's new True
Hardware-in-the-Loop ~ (trueHWIL™)  simulator
offers UAV integrators and researchers the highest-
fidelity UAV autopilot simulation available on the
market today.

Existing quasi-hardware-in-the-loop simulators
approximate a UAV's flight by exchanging sensor
and control surface position information with the
autopilot over a serial port or CAN bus. This form of
simulation introduces inaccuracies as an autopilot in
flight reads this information directly from its sensors
instead of a serial port or CAN bus. MicroPilot’s
trueHWIL™ offers a dramatic improvement in
simulator fidelity by electrically simulating all
sensor outputs using an analog-to-digital converter,
signal conditioning, and PWM interface boards.
MicroPilot’s trueHWIL™ allows our customers to
replicate the conditions their UAVs experience in
flight, offering superior on-the-ground validation of
autopilot setup and integration.

MP2128** Triple Redundant. Three complete
autopilots, advanced voting logic, carrier phase GPS,
helicopter and fixed-wing. Triple redundancy (3X)
gives autopilot technology the reliability necessary

to safely carry out sensitive flight missions and
transport valuable payloads. A triple redundant
arrangement is comprised of three similar software
and hardware systems. If any one of the three
systems fails, the remaining two take over, offering
a double redundancy arrangement. If one of the
other two systems should fail, the third takes over.
An additional mechanism is also included to oversee
these three systems. Triple redundant systems are
highly tolerant of autopilot hardware failures.

Triple redundant autopilots are not new. Military
aircrafts such as the RAF’s Trident fleet, used a
triple redundant autoland system in the early 1960’s.
Ten years later, the Aérospatiale-BAC Concorde
took advantage of 3X technology in its flight control
system. Presently, triple redundancy is used in
several manned military and commercial aircrafts.

Although triple redundant technology is
established within the aviation industry, triple
redundant autopilots are a relatively new addition to
unmanned aerial vehicles (UAVs). MicroPilot, the
leading UAV autopilot manufacturer, is setting the
benchmark for triple redundant UAV autopilots.
MicroPilot, based in Canada, has been designing
autopilots for fixed-wing, transitional and helicopter
UAVs since 1994. In 2006 MicroPilot started
designing a triple redundancy autopilot for
helicopter and fixed-wing UAVs.

The MP2128°* is comprised of three MicroPilot
MP2128"F2 autopilots, mounted on an adapter
board, or redundancy board. The three MP2128"5'%g
are prioritized. At the start, the autopilot in position
one flies the airframe. If this autopilot should fail,
the MP2128"5 in position two takes over, and so
on. The redundancy board provides several
input/output (I/0) ports. The board also includes two
RS232 serial ports designed to communicate with a
ground control system via radio modems. As a result
of this design, users never need to work directly with
bare circuit boards. Additionally, the autopilots do
not have an individual casing, keeping overall
weight to a bare minimum; however, the entire
redundancy board is enclosed to protect the system.

Features:

e Fly both fixed-wing and helicopter UAVs.

e Multiple communication links for onboard
devices such as cameras and aircraft transponders.

¢ Redundant datalinks to ground control station.

¢ Configuration, state and waypoint
synchronization among all three autopilots.

e 11 serial ports including RS232 and RS485.

¢ 16 independently-generated servo signals.
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¢ 8 high current drivers controlled independently
by each autopilot.

e Pass or fail voting logic reliably selects the
appropriate autopilot.

e HORIZON™ ground control station software
with built-in software in the loop simulator.

¢ Feedback loop synchronization ensures smooth
transition when switching autopilots.

HORIZON™

Ground control software that consistently takes
UAV from the ground to the air. The choice of over
850 clients in 70 countries, HORIZON™ ground
control software offers a user-friendly, point-and-
click interface. Developed by MicroPilot for the
MP2x28 series of autopilots, HORIZON™ runs on a
Windows computer or laptop.

HORIZON™ allows the operator to monitor the
autopilot, change waypoints, upload new flight
plans, initiate holding patterns, and adjust feedback
loop gains all while the UAYV is flying.

INFORMATIVE

HORIZON™ allows both the UAV developer
and the end user to access critical information in real
time. Up to eight user-defined sensors can be
configured and displayed in three formats:

e Current sensor values are displayed in an easy-
to-read gauge format; warning and danger levels can
be set for each gauge

eThe Strip Chart graphs
variations over time

¢ The Trace Route displays sensor data variations
along the UAV's flight path

Data from the autopilot is also recorded for post-
flight analysis.

MP2128 LRC2 MP2128 HELI-LRC2

Providing the best MicroPilot 2128 series
products in one convenient autopilot package. As
world leaders in miniature UAV autopilots,
MicroPilot continually develops dynamic new
systems to serve RPAS, MAV, UAS, UAV, drone,
and certain unmanned vehicles. The MP2x28 and
MP2128 are the autopilots of choice for UAV
operators who need a reliable, integrated system that
performs in a variety of scenarios. Equipped with
full airside and groundside UAV system
components, the MP2128"*“?is  MicroPilot's
premium UAV autopilot package. This long-range
communication (LRC) autopilot provides an
integrated, redundant, long-range data
communication link. With this feature, operators
benefit from greater distance and flexibility.

sensor-specific

The LRC ground unit uses standard, off-the-shelf
radio modems with three popular frequency band
choices (see below), as well as versions for either
fixed-wing or helicopter. This product adds RC
control information to the existing GCS datalink and
a second redundant datalink, which reduces possible
failure modes. In addition, LRC units provide
automatic emergency override. The LRC is
lightweight, yet enclosed in a rugged aluminum
housing that protects its sensitive electronics. What’s
more, these electronics are convenient to install on a
variety of airframes.

XTENDER™

Take UAV to the next level with this power
solution XTENDER™ taps into the power of a
world-recognized autopilot and expands it to fill the
gap between standard autopilot functionality and
specific requirements.

MP plug-ins are code modules that execute at the
same time as the autopilot code and allow customers
to add functionality to the autopilot to differentiate
their products and close the gap between the
standard autopilot functionality and their custom
requirements

e MP plug-ins can access 64k RAM for data and
64k Flash for code

e MP plug-ins run under the autopilot simulator
to simplify testing and speed development

e MP plug-ins can access all autopilot state fields

e MP plug-ins can provide customer-specific
servo mixing

¢ Customer-defined control laws can replace any
or all existing MP2x28 control laws

¢ MicroPilot plug-ins can access unused autopilot
hardware for custom payload control and data
collection

eUp to 9 I/O channels are available for
MicroPilot plug-in. Each /O channel can be
configured as one of: serial input, serial output,
PWM in, PWM out, single-bit input, or single-bit
output

SIMULATOR

XTENDER™ includes a “software in the loop” 6-
DOF simulator linked to autopilot code.

e Simulator update rate: 150 Hz

e Accepts autopilot commands via PC serial port;
speeds development of embedded payload/mission
controllers

e Simulates communication, engine failure, loss
of GPS lock, loss of RC signal, loss of
communications, and low-battery failures
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e Availability of simulator gives end-product
training mode

XTENDERvalidate

Build quality systems that meet high-level
expectations. Develop high-level requirements and
easily decompose them into appropriate lower level
requirements with XTENDER"'*, the world’s first
available design life-cycle tool for UAVs.
Systematically link flight, user, and simulator testing
validation data to requirements. Likewise, link
requirements to autopilot options and GCS settings.
Additionally, XTENDER "' incorporates a failure
analysis tool that helps identify subsystem failure
modes and links them to requirements. With
XTENDER"™“*  clearly satisfy requirements via
autopilot options, ground control station options,
UAV design, and more. Auto-generate electronic
test cards, complete with descriptions for each test,
indicators for severity, and schedule dates. Automate
documentation for each requirement and its
implementation, with this design life-cycle tool.
XTENDER " “*offers a flexible means of satisfying
requirements and provides progress and fulfillment
reporting.

Features:

e Freeze and roll back
implementation capability;

e Requirement linking to autopilot options and
GCS settings;

e System and subsystem decomposition tool;

e Share requirement subsets among multiple
UAVs capability;

o Integrated failure modes analysis and mitigation
tool;

requirements and

e Auto-generated electronic test cards from
requirements;

e Validation data linking to requirements;

e Requirements and implementation change

history;
e Progress tracking for satisfying and validating
requirements [7].

6. RVOSD components

RVOSDG6 Autopilot & Telemetry + LRS

RangeVideo RVOSD6 with RVLINK receiver
module and airspeed sensor [8], includes:

¢ RVOSD6

¢ RVLINK Rx module + antenna

e GPS

e Current sensor

¢ IR remote

e Servo cables.

Requires: RVLINK Transmitter

Capabilities:

OSD: F16 style graphical OSD; Battery voltage
& current; Airspeed; Ground Speed; Altitude;

Variometer, Heading; AHI; 3 different OSD
displays: F16, simple, or radar screen.

Autopilot:

— Variable throttle control based on airspeed and
power.

—16 waypoints (coordinates and altitude).

Autopilot will fly the programmed path.

It can be override the mission at any time, with
the following auxiliary modes:

— Position hold (circle flight path above any
point— loiter diameter can be set);

— Fly-By-Wire (semi-automatic
manual flight);

— Heading hold (maintain constant heading
course);

— Return to home( return to take-off location and
circle flight path at pre-set altitude).

Other Features:

Supports up to 6S battery; 100A current sensor
with XT60 plugs; Filtered power supply for video
camera and transmitter; 1A 5V PSU to power
camera or vtx.

RVLINK UHF Control Relay (receiver is
included in the RVOSD) 430MHz 800mW; 20-
40km range; Spectrum analyzer mode.

RVGS(Optional)

Antenna tracker;
Video splitter.

The RVOSD autopilot relies on a combination of
gyros and accelerometers to sense the airplane’s
pitch and roll. The most important function of the
autopilot is to return the airplane back home when
R/C signal is lost. The RVOSDS5 can also
stabilize(fly-bywire mode) and autonomously(by
waypoints) fly the aircraft.

Aircraft Compatibility. The RVOSD autopilot
can control these types of aircraft:

— Stable trainer aircraft. Throttle, elevator, and
rudder.

— Low wing Aerobatic aircraft. Throttle, elevator,
and ailerons.

Autopilot Flight Modes RTH (return to home)
This autopilot mode will engage automatically when
R/C link lost is detected, and will fly the model back
to the takeoff spot. Level flight The autopilot will
keep the attitude of the model leveled on the pitch
and roll axes. Heading hold The autopilot will keep
the heading of the plane at the moment this of
activation; it will also try to keep the actual altitude.

stabilized

Video diversity controller;
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Position hold The autopilot will fly figure eight
patterns around the GPS coordinates at the moment
of activation; it will also try to keep the actual
altitude. Fly-by-wire The control of the plane is
given up to the OSD computer. It will check for user
stick traffics and will translate to model desired
attitudes. Control sticks are interpreted from 0 to full
as 0-60° on each axis. Waypoint navigation (this
mode is disabled outside of North America)

Hardware Overview.

RVOSDS. The RVOSD performs all of the text
and graphic overlay, navigation, autopilot control,
and power management. A custom graphics engine
draws a flicker free overlay. Two microprocessors
handle all of the tasks. The RVOSDS5 contains an
onboard Barometric Pressure Sensor for measuring
aircraft altitude.

GPS Receiver. The included 10Hz GPS with
SAW filter is immune to jamming from video
transmitters. It is WAAS enabled, and has an
accuracy of < 2m. It has a lithium backup battery to
retain GPS settings for quicker satellite acquisition
times. GPS data provides ground speed, ground
track, and latitude and longitude.

Current Sensor. The current sensor measures the
current consumption of electric motor system from
6-25VDC, 70A maximum.

External Temperature Sensor. If the external
temperature sensor is left disconnected, then
RVOSD will display the onboard temperature sensor
reading. Temperature sensor operating range:

onboard temp sensor MCP9700 -40 to +150
degrees Celsius.

Remote Control. The IR remote is used to
navigate the RVOSD menus. The IR signal is
powerful enough to penetrate foam and balsa; there
is no need to remove the RVOSD from the model.

Wiring. Cables to connect video in, video out,
GPS, current sensor, R/C receiver, are all included.

Video Camera. A video camera is not included
with the RVOSDS. The RVOSD will not provide a
video output without a valid video input. Use the
included cables to connect camera to the RVOSD.
There are cables for the KX131/KX191, KX171, and
DX201. RVOSD is compatible with both PAL and
NTSC composite video formats

Video Transmitter. A video transmitter is not
included with the RVOSDS5. The RVOSDS5 will send
the combined camera video and OSD to the
connected video transmitter so the video can be sent
down to on the ground for monitoring.

The video out connector is the video signal with
the graphic/text data overlay. It can be connected
directly to a TV monitor, DVR, or wireless video
transmitter. Use the included male to male servo
cable to connect the video out to a RangeVideo
Aerial Video System transmitter.

Video Receiver. A video receiver is not included
with the RVOSD. It will need a video receiver that
operates on the same frequency as video transmitter.
The video receiver will receive the transmitted video
with RVOSDS5 overlays. Connect the video receiver
output to a video monitor to watch the video in real-
time

Video Monitor. It will need a video monitor (not
included with RVOSDS5) to view the video being
received by the video receiver.

Main Battery. The electric aircraft already has a
battery to power the motor and electronics. The
RVOSDS5 and related components can use this
existing battery as a power source. The Main Battery
voltage and current can also be monitored and
displayed on the OSD. A video transmitter and video
camera can also be powered from the main battery
via RVOSDS5 connections.

Auxiliary Battery. The Auxiliary (Aux) Battery
is optional and not included with the RVOSDS. The
input range is 6-35 VDC [8].

7. Pixhawk Autopilot

PIXHAWK is a high-performance autopilot-on-
module suitable for fixed wing, multi rotors,
helicopters, cars, boats and any other robotic
platform that can move. It is targeted towards high-
end research, amateur and industry needs and
combines the functionality of the PX4FMU + PXIO
[9].

PX4 Autopilot. PX4 is platform independent
autopilot software (or a software stack / firmware)
that can fly or drive Unmanned Aerial or Ground
Vehicles ( UAV / UGV ). It is loaded (flashed) on
certain hardware and together with Ground Control
Station it makes a fully autonomous autopilot
system. PX4 ground control station is called
QGroundControl and is integral part from the PX4
Autopilot System.  QGroundControlcan run on
Windows, OS X or Linux. With the help of
QGroundControl it can load (flash) the PX4 on to
the hardware, it can setup the wvehicle, change
different parameters, get real-time flight information
and create and execute fully autonomous missions.

Today the PX4 Project and 3D Robotics
announced Pixhawk[]—I[Jan advanced open-
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hardware autopilot design for multirotors, fixed-wing
aircraft, ground rovers and amphibious vehicles.
Pixhawk is designed for improved ease of use and
reliability while offering unprecedented safety
features compared to existing solutions.

Pixhawk is designed by the PX4 open-hardware
project and manufactured by 3D Robotics. It features
the latest processor and sensor technology from ST
Microelectronics®  which  delivers  incredible
performance and reliability at low price points.

The flexible PX4 middleware running on the
NuttX  real-time  operating system  brings
multithreading and the convenience of a Unix/Linux-
like programming environment to the open-source
autopilot domain. Advanced PX4 firmware layers
ensure tight timing of operations and allow the
addition of completely new functionalities like direct
programmatic scripting of autopilot operations.

The flagship Pixhawk module will be
accompanied by new peripheral options, including
support for a digital airspeed sensor, external multi-
color LED indicator and external magnetometer. All
peripherals are automatically detected and
configured.

PX4 is an open-source, open-hardware project
aimed at providing a high-end autopilot to the
academic, hobby and industrial communities at low
costs with high availability. It is backed by
volunteers of the Pixhawk Project hosted at the
Computer Vision and Geometry Lab of ETH Zurich
(Swiss Federal Institute of Technology) and
supported by the Autonomous Systems Lab and the
Automatic Control Laboratory of ETH as well
several excellent individuals internationally.

3D Robotics is the leading open-source unmanned
aerial vehicle technology company. It was founded in
2009 by Chris Anderson (founder of DIY Drones)
and Jordi Muioz. Today, 3D Robotics is a seasoned,
venture-backed enterprise with more than 80
employees focused on delivering the most advanced,
full-featured autonomous technologies at the most
competitive prices.

3D Robotics and PX4 continue their partnership
to mutually support the further development of the
Pixhawk platform and provide all PX4 source code
and hardware under BSD/Creative Commons
licensing.

- Manufactured by 3D Robotics

- Aautopilot system designed by the PX4 open-
hardware project

- Advanced 32 bit ARM Cortex® M4 Processor
running NuttX RTOS

e 14 PWM/servo outputs (8 with failsafe and
manual override, 6 auxiliary, high-power
compatible)

e Abundant connectivity options for additional
peripherals (UART, I2C, CAN)

e Integrated backup system for in-flight recovery
and manual override with dedicated processor and
stand-alone power supply

e Backup system integrates mixing, providing
consistent autopilot and manual override mixing
modes

e Redundant power supply inputs and automatic
failover

¢ External safety button for easy motor activation

e Multicolor LED indicator

¢ High-power, multi-tone piezo audio indicator

e MicroSD card for long-time high-rate logging

Features

¢ 32 bit ARM Cortex® M4 Processor running
NuttX RTOS;

e 14 PWM/servo outputs (8 with failsafe and
manual override, 6 auxiliary, high-power
compatible);

e Abundant connectivity options for additional
peripherals (UART, 12C, CAN);

e Integrated backup system for in-flight recovery
and manual override with dedicated processor and
stand-alone power supply;

e Redundant power supply inputs and automatic
failover;

¢ External safety switch;

e Multicolor LED visual indicator;

¢ High-power, multi-tone piezo audio indicator;

e microSD card for extended-time high-rate
logging.

Specifications.

Microprocessor:

e 32-bit STM32F427 Cortex M4 core with FPU;

¢ 168 MHz/256 KB RAM/2 MB Flash;

¢ 32 bit STM32F103 failsafe co-processor.

Sensors:

¢ ST Micro L3GD20 3-axis 16-bit gyroscope;

eST  Micro LSM303D  3-axis  14-bit
accelerometer / magnetometer;

¢ Invensense MPU 6000 3-axis accelerometer /
gyroscope;

e MEAS MS5611 barometer.

Interfaces:

e 5x UART (serial ports),
capable, 2x with HW flow control;

e 2x CAN;

one high-power
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e Spektrum DSM / DSM2 / DSM-X® Satellite
compatible input up to DX8 (DX9 and above not
supported);

¢ Futaba S.BUS® compatible input and output;

e PPM sum signal;

¢ RSSI (PWM or voltage) input;

] I2C®;

¢ SPI;

¢ 3.3 and 6.6V ADC inputs;

¢ External microUSB port.

Power System:

e Ideal diode controller with automatic failover;

e Servo rail high-power (7 V) and high-current
ready;

o All peripheral outputs over-current protected,
all inputs ESD protected.

Weight and Dimensions:

e Weight: 38g (1.310z);

e Width: 50mm (1.96");

e Thickness: 15.5mm (.613");

e Length: 81.5mm (3.21").

Radio connections (range to 30km):

e Telemetry: 915 MHz;

e Digital video: 5.1-5.9 GHz [9].

8. Autopilots MNAYV and Kestrel

Autopilot MNAV + Stargate has average size and
not light enough for use on small ADO. Autopilot
advantage of this is that the original software into
the Linux open-friendly. In addition, Stargate is a
powerful CPU and IO-ports MNAV Stargate and

provide users with a great opportunity to install
individual extensions.

Autopilot Procerus Kestrel has a much smaller
size and weight that is acceptable for small ADO.
Autopilot contains processor Rabbit 3000 with a
frequency of 29 MHz, and a set of sensors, similar to
the autopilot MNAV. All sensors are integrated with
the processor, except for receiver GPS. In autopilot
built to perform autonomous takeoff, landing and
flight route, and provides pre-flight inspection of
sensors. Autopilot algorithm is based on the
traditional PID controller. Autopilot contains some
controllers handlebar height, engine throttle and
ailerons.

Autopilot provides automatic flight route as
control points with three dimensions (latitude,
length, height). Autopilot can use to ADO with
bands such air speeds (km / h), the bottom 25 ... 150;
normal 35 ... 250 the top 45 ... 450.

Apart from the autopilots, there are many
commercial standard autopilots, such as the AP50
autopilot of UAV Flight Systems, 3400 the company
UNAYV autopilot, autopilot Microbot of Microbotics
Inc. and others.

Mini ADO put strict requirements for autopilots
for their physical size, weight and minimal power
consumption. Comparison of these characteristics
are given in Table 1. Information on the availability
of sensors as parts of autopilots MNAV, Kestrel and
MicroPilot are shown in Table 2.

Table 1
Specifications of autopilots
Parameter MNAV Kestrel MicroPilot
Temperature, °C -5...+45 -40 ... +85 —
The angular velocity, deg/s +200 +300 +150
Acceleration, m/s2 +2 +10 +2
Magnetic induction, nT +0,75 +1 —
Height, m 0 ...5000 -13,7..3414 0...12000
Air speed, mil/h 0...180 0..130 0..311
Table 2
Comparing weight and dimensions performance and cost autopilots
Autopilot Size, cm Weight, g Energy consumption Cost, thous.doll.
MNAV 5.7x4.5x1.1 33 <0.8 W (5V) 1.5
Stargate 9.53x6.33x2.81 80.47 <500 mA 0.9
Kestrel 2.2 5.08x3.5x1.2 16.7 500 mA (3.3...5V) 5
MicroPilot 10x4x1.5 28 — 1.7...6
Piccolo LT 11.94x5.72x1.78 45 - —
UNAYV 3400 10.16x5.08x4.06 84 180 mA (5.5...7.5V) 5
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Most commercial autopilots wusing PID
regulators. Autopilot based PID controllers have a
simple design and can easily be implemented to
control the ADO. However, the autopilot is not
optimal and have low reliability. In addition, some
airplane mode settings PID controller can cause
serious difficulties. Therefore, the current research is
the application of modern methods of control theory
for the synthesis of control laws ADO.

9. Development and production of integrated
navigation system of unmanned aerial vehicles

Currently, the main and most common option is a
navigation system UAV is the Inertial-Satellite
Navigation System (ISNS), which is based Inertial
System Platformless Type (ISPT). In ISPT sensors
as the primary information used accelerometers and
angular rate sensors. ISPT navigation systems are
high, issuing evaluations of almost all parameters
necessary for traffic control aircraft (components of
linear and angular speeds, coordinates and
orientation parameters) with high refresh rate
information [10]. ISPT usually seen as the main
source of navigation data and information coming
from the receiver SNA, is used for correcting INS.

In evaluating parameters of spatial traffic of the
aircraft should be aware that vertical channel INS
unlike horizontal channels are structurally unstable,
because it is no integrated contour correction. So
usually expected to have an additional source of
information — barometric altimeter that provides,
first, linking the measurements to a reference level
(to the average sea level), and secondly, a correction
of this channel to restore the stability of the system.

Also note that in the SNA are no angular
orientation, and ISPT error of course, as opposed to
errors of calculation roll and pitch rapidly
increasing. In this case, usually of the INS include
magnetometer, which azimuthally adjusting channel
ISPT, reduces error determination of the UAV.

So in addition to classic board sensors are more
ISPT: magnetometer sensor and receiver static
pressure, which provides the measuring barometric
altitude. It is proposed to use these sensors to build
an additional information system to improve
reliability UAV flight navigation support.

Due to the different nature and different physical
principles forming the navigation algorithm software
ISPT and SNA well complement each other. Their
sharing allows, on the one hand, to limit the increase
in errors INS, and, on the other hand, to reduce the
noise component errors SNA, increase the rate of
delivery of information to consumers onboard,

significantly raise the level of hurt-protection. But
the real conditions of use Navigating consumers
indicate that many gauges and, above all, the
satellite radio navigation system, not always in
working condition. In reality there is often failure
tracking satellite signals, particularly because multi-
beam action and other interference, and error signals
capture etc.

In the article additional hardware devices without
involving is proposed to create on the basis of
existing equipment onboard the UAV navigation
system that will support the work of SINS radio
silence during the SNA, that is in turn ISSN
integrated navigation system (INS). For truncated
algorithms system of air signals, using information
about the static and dynamic pressure, in addition to
barometric altitude can be calculated true air speed.

Basically mode navigation system in calculators
about the estimated components of the ground speed
using the calculated value of the true air speed and
the current rate is calculated and stored wind speed
and direction. For short-range UAV flight
parameters of the wind can be administered

according to weather stations. Availability of
information on the options wind allows
aeromagnetic-metric  calculation algorithm  of

navigation parameters.

To improve the reliability of measurements of
angular orientations proposed use information not
only on inertial system, but also from alternative
sources not gyroscopic this information. Upon receipt
of this information can be used magnetic-metric,
aerodynamic, accelerate-metric measurement
methods and pitch angles. The presence of additional
flight and navigation information can significantly
improve the reliability of the navigation software and
the disappearance or noise signals SNS and continue
further implementation of the flight mission, realizing
inertial course-air method of infinite coordinates.

Thus, the main navigation tasks that will solve a
navigation system is the problem of inertial and
satellite navigation. The main mode of the complex
is the mode of inertial-satellite navigation. The
period of radio silence SNA complex moves to
autonomous mode of inertial and aeromagnetic-
metric systems [10, 11].

10. Automatic landing system of UAV

Tasks flight control automation is currently valid in
connection with the global development of
unmanned aircraft. The most responsible of all the
list of tasks automation is the process of landing
unmanned aircraft. Although you can find general
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information about individual achievements in this
field in the world practice, however, this information
does not include data on specific ways to solve this
problem. The analysis of existing methods of
planting the parameters guidance during the
approach and landing. With the help of analytic
geometry developed algorithms for calculating
parameters guidance and control integrity. Based on
algorithms developed software for mathematical
modeling. To test the hypothesis to improve the
accuracy of navigation based on an equipment
navigation  receivers leading  manufacturers
developed subsystem models and differential
treatment for technology GBAS EGNOS [12, 13].

Requirements for the UAV landing systems.

According to the general concept of UAV flights
should operate in accordance with the standards of
ICAO, which are designed to fly with a pilot on
board. Thus, UAVs, carrying out direct flights
visibility must meet the requirements that apply to of
systems communication, navigation and surveillance
in the airspace.

According to the navigation strategy states of the
European Conference on Civil Aviation for the
European region has further development:

- gradual extension of area navigation (RNAV);

- heavy use of GNSS navigation;

- gradual decommissioning of navigational aids
NDB and VOR.

The most promising landing UAV systems
should be considered landing system using area
navigation and satellite navigation systems, as
evidenced navigation strategy states of the European
Conference on Civil Aviation, which involves
increasing the accuracy of satellite landing the third
category (GBAS Cat I/II/III).

It should be noted that the use of GNSS and
RNAV involve the use of algorithms receiver
autonomous integrity monitoring (RAIM or FDE).
In order to meet a specified level of continuity of
operation should apply a system of functional
additions: GBAS and / or SBAS with ABAS. When
landing using GNSS must perform separate RAIM -
forecast. Application of GNSS systems, along with
functional supplement allows you to perform
operations on the basis of appropriate type RNP.

The base receiver GNSS must comply to the
requirements of Volume 1 Annex 10 ICAO and
specifications RTCA DO-208 (Minimum
Operational Performance Standards for Airborne
Supplemental Navigation Equipment Using Global
Positioning System) and EUROCAE ED-72A

(MOPS for Airborne GPS Receiving Equipment
used for Supplemental Means of Navigation) with
amendments TSO-C129A (Airborne Supplemental
Navigation Equipment Using the Global Positioning
System). These documents define the minimum
requirements to be met by the receiver GNSS
(integrity control, prevent reversals, the use of
electronic navigation data bases).

The board equipment SBAS must comply to
the requirements of Volume 1 Annex 10 ICAO and

specifications RTCA  DO-229C  (Minimum
Operational Performance Standards for Global
Positioning System/Wide Area Augmentation

System Airborne Equipment).

Standards for SBAS avionics features include
three levels of approach:

- LPV (the approach beacon on the course with a
vertical input);

- LNAV/VNAV (side / vertical navigation);

- LNAYV (side navigation).

There are four separate classes onboard
equipment SBAS. Different classes of equipment
provide different functionality. Minimum
functionality is Class 1. This equipment provides
flights on routes near the airfield and landing
LNAV. Class II SBAS equipment in a position to
Class I and provides Approaches LNAV / VNAV.
Class III and IV has the capabilities of the hardware
and Class II SBAS provides Approaches LPV.

Basic requirements for SBAS equipment onboard
during landing formulated as follows. Board
equipment SBAS calculates the exact location and
provide information about the integrity of the
calculated provision for this type of approach. The
required level of integrity for each of the types of
approaches specific set alarm thresholds in the
horizontal and vertical planes, called HAL and VAL.
These thresholds similar control limits for ILS.
These alarm thresholds form a region of maximum
error that meets the requirements of integrity for this
type of approach.

SBAS-board equipment ensures the integrity of
information intended location for this type of
approach via continuous calculation of levels of
protection in the horizontal and vertical planes (HPL
and VPL) and comparing the calculated values
according to HAL and VAL. If HPL or VPL exceeds
the limits alarm (HAL or VAL) for a specific type of
approach, the pilot warned of the need to interrupt at
this point performed the operation. The pilot takes
only warning and does not perform the function of
monitoring VPL or HPL.
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The board equipment GBAS must comply to
the requirements of Volume 1 Annex 10 ICAO and
specifications RTCA  DO-253A  (Minimum
Operational Performance Standards for GPS Local
Area Augmentation System Airborne Equipment)
and DO-246B (GNSS Based Precision Approach
Local Area Augmentation System Signal-in-Space
Interface Control Document).

At minimum requirements for onboard
equipment GBAS no provisions relating to RNAV.
GBAS can produce vector position, velocity and
time (PVT). In cases where the GBAS ground
station provided this service, it is called GBAS
service to determine the location. PVT vector is
intended for introduction into an existing board
navigation equipment. However, the requirements
for RNAV equipment computer equipment
available. No demand and to provide onboard
equipment GBAS pointing out at the second round.
Minimum display functionality similar to ILS
deviations and provide an indication of the rate
indication deviation in the vertical plane, about the
distance to the runway threshold and flags signaling
failures. With no navigation equipment on board the
pilot not provided information on the spatial position
of the PC. Its provided only information that
provides guidance for the course and glideslope on
final approach phase.

Monitoring  the integrity of navigation
information performs receiver GNSS, using RAIM
function.

UAV, equipped with facilities multisensory
RNAV, can and using sensors monitoring the
integrity of GNSS, with built-in algorithm RAIM.
The implementation RAIM integrity monitoring
functions based only on satellite signals.
Interruptions RAIM may occur due to insufficient
number of satellites or their unfavorable location,
which leads to a very large error determining spatial
position. The loss of the satellite signal and a
warning given by the RAIM, may also occur due to
traffic. Installation antennas for UAV, satellite
positions relative to the horizon and spatial position
UAV can affect reception of signals of one or more
satellites. Since the relative position of the satellites
are constantly changing, resulting in this airport's
previous experience does not guarantee the
sustainability of signal reception, and in this regard
should always check the readiness RAIM. In the
absence of minimal conditions for RAIM must use a
different type of navigation and approach, choose
another destination or delay the flight until as
predicted will be provided willingness to RAIM the

arrival. In carrying out long flights should provide
pilots during flight of revalidation RAIM prediction
of destination. It can advance to obtain information
that after takeoff, there was an unexpected break in
satellite signal. Interruptions in readiness mode
RAIM approach will have a greater frequency
compared with the flight route as a result of more
stringent threshold alarm. Since factors such as
spatial position and UAV antenna location may
affect reception of signals from one or more
satellites, and also due to unplanned outages
satellites willingness to RAIM predictions can not be
100% accurate.

GNSS receiver has three modes: the flight route,
flight in the terminal area and approach mode.
Limits RAIM alarm automatically brought into line
with the modes of the receiver and are + 3,7 km (2,0
m. Mile) route mode, = 1,9 km (1,0 m. Miles) area
of the airfield mode and + 0.6 km (0.3 m. miles)
mode precision approach.

Sensitivity ~ indicator ~ deviation = Exchange
automatically consistent with the mode of operation
of the receiver. Sensitivity is: £ 9,3 km (0,5 m. Mile)
route mode, £ 1,9 km (1,0 m. Miles) area of the
airfield mode and £+ 0,6 km (0,3 m. Miles ) mode
approach.

Approach on GNSS traditional event like the
landing and is a flight with guidance on appropriate
terms and is independent from any terrestrial
navigation aids, except accurate approach in which
the use GBAS.

The following are excerpts from the Doc. 8186,
describing the features of the implementation
approach for satellite navigation systems.

Approach can be performed if the database
onboard equipment:

- includes all points the way indicated in the
diagram future approach;

- presents them in the same order in which they
are marked on the map scheme;

- contains updated information for the current
AIRAC cycle.

To ensure the accuracy of mapping databases
GNSS pilots should check the admissibility of data
displayed for an approach based on GNSS after
loading scheme in the current flight plan and flight
performance under this scheme.

The main modes and functions of the system's
hardware landing UAV, turn on and initialization,
the creation of-flight (FPL), navigation (NAV), the
choice of types of navigation points procedures
(WPT), calculation (CALC), enter additional
information (AUX), the approach (APP) [12, 13].
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11. Automated system for optimal control of
remotely controlled aircraft system

The main requirement 1is that the current
development of aviation technology refers to traffic
control facilities for different purposes, is the
greatest attainable accuracy of the object it
designated traffics in each normal mode of
operation. That object precision traffics necessary
quality control is the equivalent of the specified
object and determines its level of competitiveness of
the developed or the modernizes my moving object.
How to view moving objects of aircrafts (airplanes,
missiles, unmanned aerial vehicles, etc.), various
ground transport tools and moving simulators and
training devices, which are equipped with the above
items [14].

The successful use of unmanned aerial aircraft is
extremely important so-called stabilization modes.
In the process of stabilizing one of the basic and
complex types of motion control, object held in the
space in a state close to the set for a sufficiently long
time. When given of the facility means a series of
software components values of the state vector
object. These components can be not only constant,
but also deterministic or random functions of time
with known statistical characteristics. Automated
tools that keep the object in a state close to the set
(software) called Stability and they're the regulators
that are normally in the feedback to stabilize the
object. When the program is a function of time, the
system of "object-regulator" called tracking system.
Typically, the formation of law stabilization using
only information about the current and / or past state
of the object. This mode is called stabilization
system for deviation. When in the formation of law
stabilization using, in addition, information on
external disturbing factors act to stabilize the
facility, then it is for the stabilization and
disturbance rejection.

Stability intended, first, to ensure the stability of
the system "object-regulator" with unstable or no-
minimum-phase facility, and, secondly, to parry the
impact of disturbing factors and obstacles that are in
the loop stabilization . Disturbing factors and
disturbances in the circuit are stabilizing as
deterministic and random. In many cases, the impact
of deterministic factors may fully compensate, for
example, from the standpoint of the theory of
invariance.

Linear stochastic optimal control stand-simulator
known traffics can be solved as the problem of
multidimensional dynamic stabilization facility

taking into account only random measurements in
famous productions using the so-called theorem
section and without. The task of designing analytical
and objectives of sustainable stabilization facility at
the disturbance of the "white noise" and perfect
measurement vector of the facility are identical.
However, the task of stabilization allows you to get
the best solutions for arbitrary dynamic properties of
the object, but also take into account interference
and perturbation measurements.

In practical formulation of the problem of
synthesis of stabilizing traffics UAV must also take
into account the fact that the waste traffic UAV
created not only the initial conditions of work, but
also deterministic and random disturbances
constantly acting on the UAV in flight, deterministic
and random obstacle of measurement conditions
UAV. Such measurements are often incomplete and
facilities management systems or meters can be
volatile. Often management system moving objects
that are being developed, and to include the so-
called adaptation contours [14].

Thus, the problem of ensuring efficiency, safety,
regularity and quality of UAV flight accompanied
by major scientific and technical challenge. One of
the main ways to solve this problem, obviously, is
full automation of mission control. The accuracy
depends on the quality control tasks on flights
performed. In many cases of practical importance
the concept of "accuracy" can be the equivalent of
the concept of "quality" and the accuracy rate system
could be a criterion of quality. For example, the
average square error criterion adopted to determine
the quality mode navigation and stabilization of
different types of UAV flight.

Thus, the problem of maximizing precision
motion control is one of the basic side problems of
efficiency, safety, regularity and quality of flights
and can be solved in a complex where motion
control is optimal for accuracy, the impact of
disturbing factors and quality control will be
constantly assessed a special board system and using
a special system update (adaptation) quality is
maintained at extreme values.

Performance  Based  Navigation  Area
navigation (RNAV) is a method of Instrument
Flight Rules (IFR) navigation that allows an aircraft
to choose any course within a network of navigation
beacons, rather than navigating directly to and from
the beacons. This can conserve flight distance,
reduce congestion, and allow flights into airports
without beacons. RNAV began as a means of
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navigation on a flight path from any point, or fix, to
another. These fixes could be defined by a latitude
and longitude, and an airplane’s position relative to
them could be established using a variety of navaids.
RNAYV facilitated a type of flight operation and
navigation in which the flight path no longer had to
be tied directly to overflight of ground navigation
stations. Performance Based Navigation concept
specifies that aircraft RNAV system performance
requirements be defined in terms of accuracy,
integrity, availability, continuity and functionality
required for the proposed operations in the context
of a particular airspace concept, when supported by
the appropriate navigation infrastructure.
Performance Based Navigation concept identifies
three components: — the NAVAID Infrastructure; —

the Navigation Specification, — the Navigation
Application [15].
European aviation community is currently

looking for the right steps in order to increase
airspace capacity and airspace flexibility along with
enhancement of operator’s efficiency.

12. Conclusions

Based on the provisions set a prototype integrated
avionics for ADO navigation and control synergistic
with current approaches has been developing [16, 17].

The further implementation of scientific research
and development work activities include such tasks:

1. Improve existing and develop new concepts
and methods of system integration of avionics ADO
for solving navigation and synergistic management,
namely:

-to develop a new compensation invariant
concept and method for combining primary sources
of information in an integrated ADO avionics;

-to develop new methods for complex
correlation-extreme ADO navigation;

- to develop a new concept of synergistic motion
control ADO formations;

- to improve energy-potential method guaranteed
solution of poly-conflict dynamic objects for solving
synergistic control ADO formations;

- to improve methods of ensuring reliability ADO
avionics;

-to improve methods of communication and
information transfer between elements ADO
avionics.

2. To develop algorithmic software integrated
ADO avionics, namely:

- algorithms implementing basic operations
invariant ~ compensation scheme  combining
treatments based on nonlinear filtering theory and
sensitivity;

- allocation algorithms characteristics of real-time
and their comparison with the standards;

- algorithms  for  tracking target
characteristics of the video sequence;

- processing algorithms compatible data inertial
navigation system and the correlation extreme
navigation system using nonlinear models and
Gaussian filter point.

3. To create a prototype integrated avionics ADO
and evaluate the effectiveness of the its operation in
a high probability of operational and intentional
failures, the suppression of radio subsystems.

In the course of further work must be obtained
new results:

- invariant compensation concept and method for
combining primary sources of information in an
ADO integrated avionics;

- complex methods of correlation-extreme ADO

image

navigation;

- concept synergistic traffic control ADO
formations;

- advanced ENERGY -potential method

guaranteed solution of poly-conflict dynamic objects
for solving synergistic control ADO formations;

- improved methods of ensuring reliability ADO
avionics;

- improved methods of communication and

information transfer between elements ADO
avionics;

- algorithms implementing basic operations
invariant  compensation scheme  combining
treatments based on nonlinear filtering theory and
sensitivity;

- mapping algorithms base reference surface and
image processing methodology for the selection of
the characteristics, the characteristics allocation
algorithms in real time and their comparison with
standard algorithms for tracking target image
characteristics of the video sequence;

- methodology compatible data processing
inertial navigation system and the correlation
extreme navigation system using nonlinear models
and Gaussian filter point;

- assessment methodology required amount of
computation depending on hardware configuration
ADO avionics;
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-method of improving
integrated ADO avionics;

- algorithms of systems connection between
ADO elements avionics;

- axioms and laws synergistic motion control in a
single ADO limited navigation environment;

- stand for ADO avionics testing;

- testing methods elements integrated avionics

reliability models

ADO, methods of testing complex integrated
avionics ADO, methods of evaluating the
effectiveness of the proposed compensation

invariant concept of integration of navigational aids
ADO, methods of assessing the effectiveness of laws
synergistic management of extreme correlation
navigation system of channels that are resistant to
intentional interference.
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JI.E. Ipycos', MLII. MaTiitunk’, O.FO. MuxaubKuii’

HopiBHsiIbHMIT aHATI3 3pa3KiB aBiOHIKH i IX KOMIIOHEHTIB CTOCOBHO /10 CTBOPEHHSI MeTOX0JIOTil
CUHTe3y iHTerpoBanoi aBioHikn BIIJIA

HarmionansHwmii aBianifinuil yHiBepcuteT, mpoct. Kocmonasta Komapoga, 1, Kuie, Ykpaina, 03058.
E-mails: 'prusov@nau.edu.ua; *’nvcba@nau.edu.ua

Mera: Meroro miei pobOTH € aHami3 3pa3KiB aBiOHIKM Ta IXHIX KOMIIOHEHTIB 3 OINIAMy Ha CTBOPEHHS
METOOJIOTIi CHHTE3y IHTETPOBAHOI aBIOHIKM AMCTAHIIIMHO-IIJIOTOBAHUX Ta OE3MUIOTHUX aepOKOCMITHHX
muHamidHuX  00’ektiB  (AJIO), ska 3a0esmedye KOMIUIEKCHE pO3B’S3aHHS 3aBIaHb HaBiramii Ta
cuHepreTnyHoro ympasiiHHs AJIO B aepoHaBiraumiiiHomy mnpoctopi. Meroau aociif:keHHsi: AHami3 Ta
MIOCTaHOBKA 3aBJIaHb € OCHOBOIO JUIS PO3POOKU CYYaCHHX METOMIB KOMILIEKCYBaHHS Ta OOPOOKH IePBUHHOL
iHpopMallii, METOAIB pO3B’s3aHHS HAaBIramiiHUX 3a1a4, METOMIB pO3B’sS3aHHS 3aJad KepyBaHHS B
KOMIUIeKcax iHTerpoBaHoi aBioHikn AJIO. 3okpema 1ie HeiHBapiaHTHMH KOMIICHCAIIMHUNA MeETOJ
KOMIUICKCYBaHHSI TEPBHHHHUX JDKeped iHQopmarii, KOMIUIEKCHI METOOH KOpPEIALiHHO-eKCTpeMaIbHOT
HaBirarii, MeTos cuHepreTuaHoro ynpasiaiHaa AJIO. Pe3yabTaTn: BUKopuCTaHHS IUX METOIIB JTO3BOJUTH
IiIBUIIATH e(peKTUBHICTH BUPILICHHS 3a7a4 HaBiramii i ynpaBiHHs sIK [IMBUIBHUX Tak i BilickkoBux AJ1O, B
yMOBax Jii BUMIaJKOBUX 1 HABMHCHHUX 3aBaJ, TIPH BiIMOBaxX eJ1eMeHTiB aBioHiku. O0roBopenHsi: Buxozasuu 3
HaBEIICHOTO aHaJi3y, MO’KHa BCTAHOBHTH BUMOTH JI0 TIPOTOTHITIB iIHTETPOBAHOI aBIOHIKH, IO PO3POOIIIETHCS
Juist Hagiramii i ynpasiiaas AJ1O.

KarouoBi ciioBa: 0e3miIOTHI JiTalbHI anapaTy; iIHTETpPOBaHA CUCTEMa aBIOHIKH; HABIraIlis 1 yrmpaBIiHHS.

JI.3. Mpycos', MLII. MaTuitunk’, A.FO. Muxauknii’

CpaBHHMTE/ILHBII aHAJH3 00pPa3l0B ABHOHHKM M WX KOMIOHEHTOB NPHMEHUTEJIBHO K CO3IAHHIO
METO0JIOTUM CHHTe3a HHTerpupoBaHHoii aBuoHuxku BILJIA.

HarmmonanbHeIi aBHalinoHHbIN yHUBEpcuTeT, mpocn. Kocmonasta Komaposa, 1, Kues, Ykpanna, 03058.
E-mails: 'prusov@nau.edu.ua; **nvcba@nau.edu.ua

Hean: Paborta mocesmieHa aHamu3y O0Opa3OB aBHOHUKA W HMX KOMIIOHEHTOB C YyYE€TOM CO3IaHUS
METOJIOJIOTUM CHHTE3a WHTCTPUPOBAHHOW aBHOHWKH JUCTAHIIMOHHO-TIMJIOTUPYEMBIX M OCCIHMIOTHBIX
A’POKOCMUYECKNX TUHaMHU4YecKnX 00bekToB (A/]O), koTopas oOecrieyuBaeT KOMIJIEKCHOE pellieHHe 3a1a4
HaBUTAlMM ¥ CcUHepretndeckoro ympaBmuHusA AJIO B a’poHaBUTAIMOHHBIX NPOCTpaHCTBE. MeToabl
HCCJIeI0BaHUsI: AHAIN3 W TIOCTAHOBKA 3a/1ay SIBJISICTCS OCHOBOW JJISi pa3pabOTKH COBPEMEHHBIX METOIOB
KOMIUIEKCHPOBAaHUS W OOpaOOTKH IEePBHYHON HH(OPMAIMHM, METOJIOB PEIICHHsS HaBUTAIMOHHBIX 3ajad,
METOOB pEIICHH 3a7ad YIPABJICHUS B KOMIUIEKCaxX MHTerpupoBaHHOW aBHOHMKH AJIO. B wactHOCTH 3TO
HCHMHBAapHUaHTHDBI KOMHGHC&HI/IOHHBIﬁ METOJ KOMIUICKCUPOBAHUA TICPBUYHBIX HWCTOYHHKOB I/IH(i)OpMaHI/II/I,
KOMIUICKCHBIE METOJIbI KOPPENISIIMOHHO-3KCTPEMAIILHOM HABUTALMU, METOJI CHHEPIeTUYECKOTO YIPaBJICHUS
AJ1O. PesyabTaTsi: Vcnons3oBaHHe 3TUX METOIOB TO3BOJHT MOBBICHTH 3()()EKTHBHOCTH pemieHHs 3aiad
HaBUTAllUM W YIIPABJICHHA KaK TI'paXXIaHCKHUX TaK U BOCHHBLIX AI[O, B YCJIOBHAX I[eﬁCTBHSI CJIy‘-IElfIHBIX u
MpeAHAMEPEHHBIX MOMEX, MPU OTKa3zax dJaeMeHTOB aBuOHUKH. QOcyxaeHue: Vcxonas U3 MpUBEICHHOTO
aHalM3a MOXKHO yCTaHOBHUTH TPeOOBaHMSA K MPOTOTHUIIAM HHTETPUPOBAHHOW aBHOHUWKH, pa3padaThiBaeMoOit
JUTsI HaBuTanuu u ynpasienus AJ]O.

KiawueBble cj10Ba: OECHHIOTHBIE JETAaTEILHEIC anmnaparbl; HWHTETPUPOBAHHAA CHUCTEMa ABUOHUKU,
HaBUTAlUA U YIIPABJICHUC.
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