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PE®EPAT

[TosicHroBanbHa 3amucka A0 JUIUIOMHOI poOoTtu «IHTerpoBana cucrtema
B1JI0OpaXkeHHs1 MOJbOTHOI 1H(OpMalii ams JiTakiB Manoi asiauii »: 120 cropiHok, 31
pucyHkiB, 10 Tabmuie ,42 BUKOPUCTAHUX JIKEpe, | 101aToK.

O06’exT po3poOKM — 1HTErpoBaHa CHCTEMa BIJIOOPAKEHHS TMOJILOTHOI
1H(dopMmarrii.

[IpenmMe po3poOKM — OIIHIOBAHHS IMOXMOOK BUMIPIOBAHHS KOOpPJMHAT
(GNSS,ILS,Navaids)cucremu FDVS.

Mera pobotu — aHamM3 NOPUHUMIOIB  TOOYAOBH,CTPYKTYPH,TE€XHIYHOTO

3a0e3neveHHs, po3poOKa aropuTMy Ta MpOrpaMHa peaiizallis IHTerpOBaHOI CUCTEMHU
Bi0OpaskeHHs MOJBOTHOI 1H(pOpMaIIii U1 JITaKiB Majoi aBiarii.

Ha cporognimui gHI aBiamis 37100yJia CTPIMKOTO PO3BUTKY 1 MOTpedye
NOJANBIIOTO  YJOCKOHAJEHHS  3aco0iB  aepoHaBIralifHOrO  0OCIyrOBYBaHHS
ArentctBo NASA po3pobusia cucremy, sika JO3BOJIMUTH MUJIOTaM YIIPABJIATH JIITAKOM
BHOYl a00 B TyMaH, HEMOB B SICHUH JeHb.CUCTEMa CHHTETUYHOrO OaueHHS
BUKOPHUCTOBYE JaH1 CynmyTHUKOBOI HaBiraiii GPS Ta iHmry iHgopmalrito Bij npuiiaaiB
JiTaka, o0 BU3HAYMTH HOr0 TOYHE MOJIOKEHHS B IPOCTOPI 32 yciMa KOOPAUHATAMHU
1 xyramu Haxwiy. [lotiMm 3 0a3u naHux OepyTh TPUBUMIPHY KapTy MICIIEBOCTI
CKJIaJICHy 3 BHCOKHM poO3MIHpeHHsM.Uepe3 HamiBOpo3ope A3epKaio KOMM'TOTEp
HaKJIaJIa€ CHHTETUYHE TPUBUMIPHE 1 KOJHOPOBE 300pa)KCHHS IMEW3aXy Iij JiTaKoM
Ha CIIPaBXXHIM BUIJISA, 1O BIIKPUBAETHCS uyepe3 JI0OOBE CKIIO. TakuMm 4YWHOM, ISt
MiJI0Ta MPOIAIA0Th XMapH 1 TyMaH, a KpiM TOTO, JUIS HbOTO Temep He Oyne HOoYi.
KpiMm 00'emHOro neizaxy, o 30iraeTbcs 3 peajibHUM, Ha JIOOOBE CKJIO HAKIAIA€ThCS
HaBiraimiina iHdopmarllis 1 JaHi Mpo CTaH JliTaka B MpocTopi (Imiaiomi, 3HMKEHHI,
BUCOTI ToboTy). NASA BBakae, 110 BIPOBA/KECHHS 1I1€1 CUCTEMH B aBialliio
JIOTIOMOK€ 3HU3UTHU KIJIBKICTh 31TKHEHb 13 3eMJICI0, 10 BIIOYJIMCA B YMOBAX MOraHO1
BUJIUMOCTI, TaK SIK MUIOTA HE BCTUTAIOTh BYACHO 30PIEHTYBATUCS 3 TPaAULIAHUM
npuiiaJjaMy po3TalllOBAaHUMH Ha aBlanaiiHepax.

FDVS, IHTEI'POBAHA CHUCTEMA, I[TOJIbOTHA IHOOPMAILIA,
CUHTETHWYHE BIJIOBPAXEHHS, I[TO3ULIIOHYBAHHA, MAJIA ABIAILIIA.
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ABSTRACT

Explanatory note to the master’s thesis, «Integrated Flight Data Vision System
for General Aviation»: 120 pages, 31 figures, 10 tables ,42 references, lappendix.

Development object — integrated flight data vision system.

Development subject — positioning algorithm of synthetic vision, estimation the
errors of coordinates calculation(GNSS,ILS,Navaids) of the FDVS.

Purpose of the work — enhancing flight data vision system structure,analysis of
principles of construction, structure, technical support, development of algorithm and
program realization of the integrated flight data vision system for general aviation.

NASA’s Flight Data Vision Systems Project conducted research aimed at
eliminating visibility-induced errors and low visibility conditions as causal factors in
civil aircraft accidents while enabling the operational benefits of clear day flight
operations regardless of actual outside visibility. FDVS takes advantage of many
enabling technologies to achieve this capability including, for example, the Global
Positioning System,data links, radar, imaging sensors, geospatial databases, advanced
display media and three dimensional video graphics processors. Integration of these
technologie to achieve the FDVS concept provides pilots with high-integrity
information that improve situational awareness with respect to terrain, obstacles,
traffic, and flight path. This pap attempts to emphasize the system aspects of FDVS -
true systems, rather than just terrain on a flight display - and to document from an
historical viewpoint many of the best practices that evolved during the FDVS Project
from the perspective of some of the NASA researchers most heavily involved in its
execution. The Integrated FDVS Concepts are envisagements of what production-
grade Synthetic Vision systems might, or perhaps should be in order to provide the
desired functional capabilities that eliminate low visibility as a causal factor to
accidents and enable clear-day operational benefits regardless of visibility conditions.

FLIGHT DATA VISION, GENERAL AVIATION, POSITIONING TECHNIQUE,
INTEGRATED SYSTEM, SYNTHETIC VISION .
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ADF-Automatic Direction Finder

ADS-B- Automatic Dependent Surveillance Broadcast
AMASS- Airport Movement Area Safety System
ASDE -Airport Surface Detection Equipment
ATIDS-Airport surface Target Identification System
CAB -Commercial transports And Business jets
CDI Course Deviation Indicator

CDTI - Cockpit Display of Traffic Information
CFIT -Controlled Flight Into Terrain

DGPS- Differential Global Positioning System
DIME - Database Integrity Monitoring Equipment
DME - Distance Measuring Equipment
DROM-Dynamic Runway Occupancy Measurement
EFIS - Electronic Flight Information System

EVS- Enhanced Vision System

FAA- Federal Aviation Administration

FDVS - Flight Data Vision System

FOV - Field Of View

GA -General Aviation

GNSS -Global Navigation Satellite System

GPS- Global Positioning System

HDD- Head-Down Display

HUD - Head up display

ICAO - International Civil Aviation Organization
ILS - Instrument Landing System

IMC- Instrument Meteorological Conditions

INS - Inertial Navigation System

IRS - Inertial Reference System

LAAS - Local Area Augmentation System

LCD -Liquid Crystal Display

LVLASO- Low Visibility Landing and Surface Operations
NASA - National Aeronautics and Space Administration
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NAVAID-Navigation Aid

NDB - Non-Directional Beacon

PFD -Primary Flight Display

PFR -Primary Flight Reference

RIPS- Runway Incursion Prevention System

RNAV- Area Navigation

RNP- Required Navigation Performance

ROTO- RollOut / Turn-Off

RSM - Runway Safety Monitor

RTA- Runway Traffic Alert

SVS-Synthetic Vision System

TCAS -Traffic Alerting and Collision Avoidance System
TIS-B -Traffic Information Services Broadcast
T-NASA- Taxiway Navigation And Situation Awareness system
VHF -Very High Frequency

VMC-Visual Metrological Condition

VOR - VHF Omnidirectional Range navigation system
VSD- Vertical Situation Display

WAAS- Wide Area Augmentation System
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INTRODUCTION

A large majority of the avionics systems introduced since the early days of flight
(attitude indicators, radio navigation, instrument landing systems, etc.) have sought to
overcome the issues resulting from limited visibility. Limited visibility is the single
most critical factor affecting both the safety and capacity of worldwide aviation
operations. In commercial aviation, over 30% of all fatal accidents worldwide are
categorized as Controlled Flight Into Terrain - accidents in which a functioning
aircraft impacts terrain or obstacles that the flight crew could not see. In general
aviation, the largest accident category is Continued Flight into Instrument
Meteorological Conditions, in which pilots with little experience continue to fly into
deteriorating weather and visibility conditions and either collide with unexpected
terrain or lose control of the vehicle because of the lack of familiar external cues.
Finally, the single largest factor causing airport flight delays is the limited runway
capacity and increased air traffic separation distances resulting when visibility
conditions fall below visual flight rule operations. Now, synthetic vision technology
will allow this visibility problem to be solved with a visibility solution, making every
flight the equivalent of a clear daylight operation.

Initial attempts to solve the visibility problem with a visibility solution have
used imaging sensors to enhance the pilot’s view of the outside world. Such systems
are termed enhanced vision systems, which attempt to improve visual acquisition by
enhancing significant components of the real-world scene. Enhanced vision systems
typically use advanced sensors to penetrate weather phenomena such as darkness,
fog, haze, rain, and/or snow, and the resulting enhanced scene is presented on a head
up display, through which the outside real world may be visible. The sensor
technologies involved include either active or passive radar or infrared systems of
varying frequencies. These systems have been the subject of experiments for over
two decades, and the military has successfully deployed various implementations.
However, no sensor-based application has seen commercial aircraft success for a
variety of reasons, including cost, complexity, and technical performance. Though
technology advances are making radar and infrared sensors more affordable, they still

suffer from deficiencies for commercial applications.
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High-frequency radars (e.g., 94 GHz) and infrared sensors have degraded range
performance in heavy rain and certain fog types. Low-frequency (e.g., 9.6 GHz) and
mid-frequency (e.g., 35 GHz) radars have improved range, but poor resolution
displays. Active radar sensors also suffer from mutual interference issues with
multiple users in close proximity. All such sensors yield only monochrome displays
with potentially misleading visual artifacts in certain temperature or radar reflective
environments. A synthetic vision system is a display system in which the view of the
outside world is provided by melding computer-generated airport scenes from on-
board databases and flight display symbologies, with information derived from a
weather-penetrating sensor (e.g., information from runway edge detection or object
detection algorithms) or with actual imagery from such a sensor. These systems are
characterized by their ability to represent, in an intuitive manner, the visual
information and cues that a flight crew would have in daylight Visual Meteorological
Conditions. The visual information and cues are depicted based on precise
positioning information relative to an onboard terrain database, and possibly includes
traffic information from surveillance sources and other hazard information.

Synthetic vision displays are unlimited in range, unaffected by atmospheric
conditions and require only precise ownship location and readily available display
media, computer memory and processing to function. The rapid emergence of reliable
GPS position information and precise digital terrain maps, including data from the
Space Shuttle Radar Topography Mission , make this approach capable of both true
all-weather performance as well as extremely low cost, low maintenance operations.
When fully implemented, successful synthetic vision technologies will be a

revolutionary improvement in aviation safety and utility.
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4.4. Positioning algorithm

Positioning is the main criteria because the true determination of coordinates
very important for safety flight.Different systems have different errors and such as
FDVS is integrate system,consider three systems:GNSS,INS,NAVAID. The
algorithm below describes the stages of data processing and with the help of Matlab
program gives the results of positioning process.

The algorithm starts from: we have data X,Y,Z-coordinates,accuracy of different
navigation systems.If the system error, A1 more then A3, check the next data, if
Accuracy of this positioning method depends on angle determination system and
geometry of ground stations. The A3 less A2 its mean that our data comes to Nav
Aids block and calculates the system errors for every coordinates.This information
processing and gives the result. Another case, if the system error, A1 more then A3,
check the next data, if A1 more A2 its mean that our data comes to GNSS block and
calculates the system errors for every coordinates.This information processing and
gives the result.

If the system error,A 1 more then A3, check the next data, if A3 less 2,check
next data, A Imore A2, its mean that our data comes to INS block and calculates the
system errors for every coordinates.All information processing and gives the optimal

result.
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Figure 4.10 — System structure algorithm
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4.5. Simulation results

With the help of program Matlab and using different Matlab functions
will take simulation results (program code in Appendix A) and graphs below.
Input data is latitude,longitude in geographic coordinate system ,where x,y=0-Earth
center,x-coordinates,y-time.As the calculations show the result of modeling aircraft
moving in ECEF coordinate system(Earth-Centered,Earth-Fixed) depicted below.
Positioning is very important parameter that’s why was used the modeling of
aircraft flight during some period of time and show the changes according to moving
data through giving systems. Fig. 4.11 modeling the flight over Ukraine territory the
lattitude(45,52) and longitude(25,40).

Figure 4.11 — Flight model of aircraft over the Ukraine territory
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Fig. 4.12 shows the trajectory of

x 10

5.1
4.9 \

4.7

4.6

4.5

Figure 4.12 — Flight model in 3dimensional coordinate system

flight in Earth-Centered,Earth-Fixed
system.Consequently depicted three coordinates of flight and its parameters.
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It is significant in fig. 4.13, shows the (GPS,INS,NAVAID) errors depending from

time.
X 106
6 ‘
x coordinat
50 y coordinat ||
- z coordinat
4 ,\\ _
\
\\‘
3L \\\ i
1 L | L | L | L |
0 200 400 600 800 1000 1200 1400 1600 1800
time
55 T T T T T
GNSS error
50 f INS error
NAVAIDS error | |
— N T ]
20 L L L L L L L L
0 200 400 600 800 1000 1200 1400 1600 1800
time
Figure 4.13 —Errors x,y,z-coordinates and also GNSS,INS,NAVAIDS errors
with dependence from time and altitude
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In addition to fig. 4.14 with systems errors,was depicted the graphs as to
separetly every coordinate X,y,z errors .Moreover can say from giving results that’s
error of every system depends from time,first of all choose the system in definite time
the error minimize. This program was developed for general case and also all results
for general case.

T
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20 \ \ \ \ \ \ \ \
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time
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Figure 4.14 — Errors X,y,z-coordinates and also GNSS,INS,NAVAIDS errors
with dependence from time and altitude
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For investigation the positioning and for taken the results was taken into account
VOR/DME stations. There are eight stations in Ukraine territory.All this shows the
red colour in fig. 4.15.

Figure 4.15 — Ukraine territory with location of eight VOR/DME stations
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territory with parameters of its.

In this table shows the names of eight VOR/DME stations located in Ukraine

Table 4.1 — VOR/DME stations located in Ukraine territory

Opera
. . Freque
Identifi ting . . .
) Latitude, Longitude, | Height, | ncy
cation | Name freque
grad grad foot DME,
code ncy,
kH
kH
, 11590 | 50.28559875488 | 30.89929962158
BRP Boryspil 499 115900
0 28 2
Dnipropetrov | 11250 | 48.35950088500 | 35.10250091552
DNP 509 112500
sk 0 98 73
11500 | 48.07180023193 | 37.73590087890
DON Donetsk 758 115000
0 36 62
Ivano 11420 | 48.88470077514 | 24.68989944458
IVF ) 937 114200
Frankivsk 0 65 01
' 11650 | 49.92679977416 | 36.28530120849
KHR Kharkiv 538 116500
0 99 61
, 11550 | 49.81159973144 | 23.95100021362
LIV Lviv 1094 | 115500
0 53 3
11395 | 46.43000030517 | 30.67029953002
ODS Odesa 197 113950
0 58 93
) 11660 | 45.05139923095 | 33.97930145263
SMF Simferopol 0 ” 67 623 116600
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CONCLUSIONS

Researches of theoretical bases and the practical organization have allowed
making the following conclusions.

First of all have been considered FDVS and how it works .Analysis of principles
of construction, structure, technical support, implementation in all stages of flight,
development of algorithm and program realization of the integrated flight data vision
system for general aviation. Also we considered a sysrem structure diagram for
FDVS and its components.

In a given work we have carried out the analysis of aircraft positioning with
dependence of system errors have been investigated GNSS, INS, NAVAIDS systems
and illustrated system structure algorithm.

With the help of geoinformation function Geoshow represent the map with
Ukraine longitude and latitude coordinates and eight VOR/DME stations.
In a given work has been used computer based imitation simulation method for
improvement GNSS,INS,NAVAIDS errors and representative location VOR/DME
stations.

After a series of investigations we make the following conclusions:

The introduction of this system in aviation will help reduce the number of
collisions with the earth, occurred in poor visibility conditions, when the pilots did
not have time to navigate to the traditional instruments in aircrafts. Installation of
systems onboard equipment, will allow to increase the level of safety flights and
significantly reduce the costs of air carriers, which associated with delays of flights
connection with different adverse weather conditions.

The usage of FDVS increases the chance the first time landing, saves time, and also
fuel consumption. The biggest problem of airports is the low degree of visibility.
According to the Ukrainian aviation administration, 50% of the delay is the result of
bad weather.However, the technology FDVS can reduce the number of airports which
do not accept the aircrafts because of poor visibility and reduce the costs of airlines
fuel consumption due to the reduction quality of flights in dispersal fields.

With Global Positioning System signals pilots can know exactly where they are.Add
super-accurate terrain databases and graphical displays and we can now draw three-

dimensional.
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Application of this system helps:

Controlled-flight-into-terrain and low-visibility loss-of control are the
leading causes of aircraft accidents and fatalities.

Significantly increases safety and operational flexibility for space, aircraft
and land vehicles operating in low visibility conditions, virtually
eliminating the worst accident categories.

The all-condition visibility provided by FDVS, facilitates approach, landing
and taxi maneuvers, allowing normal operations under conditions that now
dramatically slow or even halt activity.

Additionally, FDVS affords an opportunity for future windowless cockpits
for space, air, or ground vehicles.

FDVS make a flight safer and more secure,more comfortable and energy
efficient,more innovative and productive.

Customer Benefits:

— Improves situational awareness;

— Reduces pilot workload;

— Reduces technical flight errors;

— Increases safety;

— Enhances operational flexibility;

— Eliminates poor visibility as a safety factor;
— Simplifies instrument flying.
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Appendix A.
Program codes for Matlab software
cle
clear all
close all
t=1:60:30*60

alat=linspace(45,52,size(t,2));
alon=linspace(25,40,size(t,2));
alt=8000*ones(1,size(t,2));
lat=deg2rad(alat);
lon=deg2rad(alon);
[xx,yy,zz]=1la2ecef(lat,lon,alt)
t1=8*60
t2=17*60
dgnss=[40 80 90].*2
dins=[50 50 70].*2
dnav=[70 60 60].*2
n=700
for j=1:size(t,2)
if t(j)<tl
d1=dgnss(1);
d2=dins(1);
d3=dnav(1);
elseif t(j)<t2 & t(j)>t1
d1=dgnss(2);
d2=dins(2);
d3=dnav(2);
else
d1=dgnss(3);
d2=dins(3);
d3=dnav(3);
end
for i=1:n
xgnss(i,))=xx(j)+d1*rand();
xins(i,j)=xx(j)+d2*rand();
xnav(i,j)=xx(j)+d3*rand();

ygnss(i,))=xx(j)+d1*rand();
yins(i,j)=xx(j)+d2*rand();
ynav(i,j)=xx(j)+d3*rand();

zgnss(1,])=xx(j)+d1*rand();
zins(1,j)=xx(j)+d2*rand();
znav(i,j)=xx(j)+d3*rand();
end
exgnss(j)=std(xgnss(:,j))
exins(j)=std(xins(:,j))
exnav(j)=std(xnav(:,j))



eygnss(j)=std(ygnss(:,j))
eyins(j)=std(yins(:,j))
eynav(j)=std(ynav(:,j))

ezgnss(j)=std(zgnss(:,j))

ezins(j)=std(zins(:,j))

eznav(j)=std(znav(:,j))

end

plot3(xx, yy,zz)

xlabel('x")

ylabel('y")

zlabel('z")

figure()

subplot(2,1,1),plot(t,xx,t,yy,t,zz)

legend('x coordinat','y coordinat','z coordinat’)

xlabel('time")

subplot(2,1,2),plot(t,exgnss,t,exins,t,exnav)

legend('GNSS error','INS error',  NAVAIDS error')

xlabel('time")

figure()

subplot(2,1,1),plot(t,eygnss,t,eyins,t,eynav)

legend('GNSS error','INS error',  NAVAIDS error')

xlabel('time")

subplot(2,1,2),plot(t,ezgnss,t,ezins,t,eznav)

legend('GNSS error','INS error', NAVAIDS error')

xlabel('time")

figure()

ax = worldmap('Ukraine");

load coast

geoshow(ax, lat, long,...

'DisplayType', 'polygon', 'FaceColor', [.45 .60 .30])

states = shaperead('usastatelo', 'UseGeoCoords', true);

faceColors = makesymbolspec('Polygon',...
{'INDEX', [1 numel(states)], 'FaceColor', ...
polcmap(numel(states))}); % NOTE - colors are random

geoshow(ax, states, 'DisplayType', 'polygon’, ...

'SymbolSpec', faceColors)
geoshow(ax, alat, alon)

cle
clear all
close all

% load ukraine region matrix
[u_lat u_lon]=ukraine()

ul lat=deg2rad(u_lat)

ul lon=deg2rad(u_lon)

% VOR location
vor=[ 50.2855987548828 30.899299621582 499
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48.3595008850098 35.1025009155273 509

48.0718002319336 37.7359008789062 758

48.8847007751465 24.6898994445801 937

49.9267997741699 36.2853012084961 538

49.8115997314453 23.951000213623 1094

46.4300003051758 30.6702995300293 197

45.051399230957 33.9793014526367 623]

d_lat=vor(:,1);

d lon=vor(:,2);

t=1:60:30*60

alat=linspace(45,52,size(t,2));

alon=linspace(25,40,size(t,2));

alt=8000*ones(1,size(t,2));

lat=deg2rad(alat);

lon=deg2rad(alon);

[xx,yy,zz]=1la2ecef(lat,lon,alt)

t2=17*60

ax = worldmap('Ukraine');

load coast

geoshow(ax, lat, long,...

'DisplayType', 'polygon', 'FaceColor', [.45 .60 .30])

states = shaperead('usastatelo', 'UseGeoCoords', true);

faceColors = makesymbolspec('Polygon',...
{'INDEX', [1 numel(states)], 'FaceColor', ...
polcmap(numel(states))}); % NOTE - colors are random

geoshow(ax, states, 'DisplayType', 'polygon’, ...

'SymbolSpec', faceColors)

geoshow(ax, alat, alon)

geoshow(ax, d _lat, d lon, 'Marker', "', 'Color', 'red','LineStyle','none")

geoshow(ax, u_lat, u_lon)
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