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Globalne navigacné satelitné systémy

GNSS

Priame urcenie polohy pomocou sighalu z druzic.




Aplikacie
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Aké GNSS existuju?



Globalne navigacné satelitné systemy

GNSS

NAVSTAR GPS
GLONASS
Galileo

Bei Dou



Globalne navigacné satelitné systemy

GNSS

NAVSTAR GPS E

GLONASS [

* X %

Galileo

. *
Bel Dou




GNSS ma 3 klucové zlozky

Vesmirny segment

druzice
cca. 20 000 km nad Zemou
L
Kontrolny segment
siet pozemnych stanic, Uzivatel'sky segment

ktoré riadia a kontroluju GNSS prijimace

polohu druzic E




Vesmirny segment GNSS

GNSS satelity obiehaju na stredny ch orbitalnych
drahach (18 000 — 24 000 km nad hladinou mora)

Medzi geostacionarnou (36 000 km) a nizkou obeznou
drahou (rddovo 100 km)
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Porovnanie obeznych drah roznych druzic
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Sucasné globalne navigacné satelitné

(druzicové) systémy (GNSS) AN
P
- ‘e o0
Nazov Prevadzkovatel' PIna Pocet Orbitalna Pocet Zdroj informacii
GNSS funkénost orbitalnych vyskanad  aktivnych
drah Zemou satelitov
GPS USA E od 1994 6 20200 km 24 http://www.gps.gov
GLONASS  Rusko - od 1996 3 19100 km 24 https://glonass-iac.ru/en
, EU a dalsie
Galileo . B od 2020 3 23222km 30 http://www.gsa.europa.eu
krajiny
BeiDou= *: 3 21500 km 30
Cina - od 2020 http://en.beidou.gov.cn
COMPASS 3 36000km 5

GPS — NAVSTAR - Global Positioning System

GLONASS — GLObal'naya NAvigatsionannaya Sputnikovaya Sistema
Galileo — European GNSS (administrativna riadiaca centrala je v Prahe)
Beidou — suhvezdie Velky Voz



Siet kontrolnych stanic GPS

Falcon AFB
Colorado Springs

Master Control
Monitor Station
2

Hawaii
Monitor Station

Kwajalein
Monitor Station

o \*

Diego Garcia
Monitor Station

Ascension Islan
Monitor Station

http://www.geod.nrcan.gc.ca/products-produits/gps_net_e.php



Ako zdovodnit budovanie GPS pre obcanov USA?

Cely systém k spusteniu v roku 1995 stal 5 miliard USD
(hodnota k tomu roku)

Studena vojna

* Preteky v zbrojeni

* Vesmirne preteky

* Hlavnym argumentom bola hrozba atdmovej vojny

 Armada USA potrebovala systém urCovania polohy
ponoriek pre presné navadzanie rakiet. Rovnako tak
letectvo armady USA.

HiroSima, 1945 Sputnik, 1957 Vietham, 1966



Historia GPS

* Vojensky navigacny a polohovaci systém pre armadu USA

*  TRANSIT -5 satelitov, urCovanie polohy na zaklade Dopplerovho
efektu, podobne ako policajny radar meria rychlost aut

— Od roku 1960, presnost cca 500 metrov
 TIMATION - 1. satelit, kt. niesol atémové hodiny
* 1. maj 1973 — rozhodnutie vybudovat NAVSTAR-GPS

* NAVSTAR-GPS: Navigation System using Timing and Ranging -
Global Positioning System

 Budovany od 1978 — 1995

e 0d 1978 — satelity Bloku |

* 1983 — Ronald Reagan deklaroval moznost civilného pouZivania GPS
e 0d 1989 - satelity Bloku Il

* 1994 — vSetky potrebné satelity GPS na orbite

e April 1995 - plna funkcénost GPS

http://www.navcen.uscg.gov/gps/




Zostrelenie letu KALOO7, rok 1983

Let juhokdrejskych aeroliniek z New
Yourku cez Anchorage do Soulu sa
odklonil od planovanej trasy a
prekroCil sovietsky vzdusny priestor.

V tom obdobi lietadla nepouzivali
navigaciu a urCovanie polohy
pomocou GPS.

Vyuzivali riadenie z pozemnych
stanic, kompas a inercialny

navigacny systém na palube lietadla.

Sovietska stihacka zostrelila lietadlo
Boeing 747, zahynulo 269 ludi.

Ronald Reagan vydal nariadenie, ze
po sfunkéneni bude GPS mozné
vyuzivat aj pre civilné ucely.
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Historia GPS

* Vojensky navigacny a polohovaci systém pre armadu USA

e Satelity NAVSTAR - 24 satelitov, 21 + 3
* Vysielanie dvoch kddovych signalov:
— CA (Clear access alebo Coarse acqusition) 1,053 MHz
— PC (Precise code), 10,53 MHz
* Dve nosné viny: L1 lambda=23 cm, L2 lambda=19 cm
* Armada zaviedla SA Sifrovanie (Selective Availability) CA kédu
* 1. maj 2000 - Bill Clinton zrusil SA Sifrovanie
— Zlepsenie presnostiz300 m na 30 m
* Armada ma pravo SA kedykolvek bez upozornenia opat zaviest.
e 2004 - dohoda o spolupraci s EU projektom Galileo

http://www.navcen.uscg.gov/gps/




Druzice NAVSTAR-GPS

Minimalne 24 funkcnych druzic, celkovo 32.

Doba obehu je 11 h 58 min (polovica
siderického dna).

4 funkcné druzice na 6 obeznych drahach

V kazdom momente je viditelnych aspon 6
druzic z akéhokolvek miesta na povrchu
Zeme (na otvorenej rovine).

Sklon roviny orbity ku rovine rovnika je 55°.

Roviny jednotlivych orbit su navzajom
pootocené o 60°. 7 visible satellites

https://en.wikipedia.org/wiki/Global_Positioning_System



Princip GNSS (NAVSTAR-GPS)

™

’_ [X, Y Z]

* Druzice neustale vysielaju signal, v ktorom <
je zakodovana :

— poloha druzice (efemeridy)

— priblizna poloha vsetkych ostatnych
GNSS druzic (almanach)

* Sprava obsahujuca tieto udaje sa opakuje
kazdych 750 sekdnd (12,5 minuty)

e Sprava je zakddovana pseudonahodnym
kodom (PRN), jedine¢nym pre kazdu
druzicu.




Princip GNSS (NAVSTAR-GPS)

GNSS prijimac :

< >

_\’/ - [XI Y Z]

pozna PRN pre kazdu druzicu
meria Cas vlastnymi hodinami

z druZicovej spravy vycita presnu
polohu druzice a ¢as vyslania spravy

porovnava €as vyslania signalu a svoj
merany cas.

¢as x rychlost svetla = vzdialenost

ku druzici
t.c =R




Zakladny princip GNSS

Princip trilateracie

P o
») ;! )z’

| B

Prienik dvoch guli - kruznica alebo bod
Prienik troch guli - jeden alebo dva body

(z—2)" + (Y —u) +(z—2z)°




Zakladny princip GNSS

* Porovnavanie signalu (kodu) prijatého z druzice a jeho kdpie vytvaranej v prijimaci.
» Zrozdielu medzi signalmi sa da vypocitat cas, ako dlho signal cestoval k prijimacu.

e Zcasu sa da vypocitat vzdialenost GNSS prijimaca ku druzici.

¢as x rychlost svetla = vzdialenost ku druZici

' PrSi prSi len sa leje

Vyslany kéd |

z druzice

_ EPrél' prsi len sa leje
Prijaty kéd v

prijimaci '

‘Prsi i prSi len sa leje
Porovnavaci kéd v ! '
prijimaci



Zakladny princip GNSS (GPS, GLONASS, Galileo ...)

Teoreticky by pre urcenie polohy GNSS
prijimaca stacilo prijimat signal z 3 druzic.

Pozname tak suradnice druzZic [x,, Y4, Z4],
[XZI y2) 22]) [X3) y3) 23]

a vieme vypocitat suradnice GNSS prijimaca
[Xor Yo 2,

\ -
Y

\R1 = lp1- C—J(?ﬁ

2"‘ o — . N +(z .

Rz - tﬂz.c =J(XZ

xp) + (2= 3p) Hz—2,)

R3 = tgps.c = J(xz

- xp)z + (yE - yp)z +(23 _ Zp)z



Zakladny princip GNSS (GPS, GLONASS, Galileo ...)

Lenze
* Na druziciach su vel'mi presné atomové hodiny a
e v prijimaci sU menej presné ,digitalky”.

* Vznika odchylka merania Casu (delta t), ktori nemozno presne urcit

Ry = tpy.c = ’(x1 T xplz + 1Y) (2 1 2p)F — C

Rz — tRZ' C — J(Xz - xp)z + (yz - yp)z +(ZZ - Zp)z — c.AT

e jeto4.neznama v rovnici

R; = tps.c = J(x3 —xp)*+ (Y3 —yp)* +(z3 —z,)* — c.AT

Ry = tpy.c = J(xu; —xp)*+ (Va—¥p)* +(z4a — 2,)* — c. AT



Zakladny princip GNSS (GPS, GLONASS, Galileo ...)

Lenze

* Na druziciach su velmi presné atomové hodiny a

* v prijimaci su menej presné hodiny (,,obycajné digitalky“)

* Vznikd odchylka merania ¢asu (delta t), ktori nemozno presne urcit

 jeto4.neznama v rovnici
. 1PrSi prSi len sa leje
Vyslany kéd o

z druzice o
 PrSi prSi len  sa leje

Prijaty kéd v i
prijimaci o
. Pr3i pr3i len  sa leje

Porovnavaci kéd v L - |
prijimaci :4—> : R = tgy.c = J(xl —xp)%+ (1 —¥p)? (7 — 2p)2 — . AT
At I R, = tRz.c=J(x2—xp)2+ (yz—yp)z +(zz—zp)2—c.AT

4 —>
t Ry= trg.c= (o=, + (s = 3p)? +(zs = 2,)° = c.AT

Ry = tpy.c = J(% —xp)2+ (4 —yp)? +(24 — 7,)% — c. AT



Zakladny princip GNSS

* Prakticky pre urcenie nasej polohy tromi suradnicami [x, v, z]
potrebujeme prijimat signdl aspon zo 4 drufzic.




Vysledok merania pomocou GPS

* Tieto suradnice [x, Y, z] GNSS prijimac prepocitava a zobrazuje
ako zemepisnu sirku, dlzku a nadmorsku vysku.

o Datum/Cas
E 47° 31’ 31'812"1 21. sep 2005 |

—
—> [N19°01'28.4047 12:25:37 |
—=

presnost (T80
Vyska[261m |
Rychlost|45.26 km/h

-
w

BlastavenieDetekcia




Vysledok merania pomocou GPS

BIH-Defined CTP (1984.0)

ZWGS 34
w

7 . 7 7 . Jt
e Vysledkom merania su suradnice v >

geodetickom suradnicovom systéme
 World Geodetic System 1984 (WGS84) N
e Kartezidnske suradnice (x, vy, z) zexo

Meridian
(1954.0)

XVVGS 34

Earth's Center
of Mass

 Zemepisné suradnice (
— Latitude = Sirka o,
— Longitude = dizka A,
— Ellipsoidal height = vyska nad elipsoidom h

Y‘WGS 84

Zjednodusene Na elipsoide
na guli




Prepojenie GNSS a matematiky

Konverzia medzi kartezianskymi a polarnymi suradnicami v ramci

totozného GRS zalozenom na guli
Gulovv GRS

) . r:\/(X2+y2+ZZ)
X=r. cgs( ®). 5_/”W @ = arccos(z/r)
y =r.sin(ep) . sin(A) A = atan2(y, x)
z=r.cos(p) pre A <-180, 180>

Uloha

‘ 1. Vypocitajte x,y, z, akr=6378 137 m
N a zemepisné suradnice bodu P (48°, 22°).

2. Kartezianske suradnice su

X =3964748.75862206

Y =1601862.4773307

RIS . Z = 4717322.21694364

Aké su zemepisné suradnice a vyska
nad elipsoidom?

b, Latitude




Prepojenie GNSS a matematiky

Konverzia medzi kartezianskymi a polarnymi suradnicami v ramci

totoZzného GRS zalozenom na elipsoide y
) A = arctan =
Elipsoidicky GRS x
r= (N + h)cosp cos A .
y = (N + h) cosy sin A ©(py = arctan m]

((1 —e*)N + h)sin

L
I

p=/z? +y?

z h je vyska bodu P nad plochou elipsoidu
N je polomer dotykovej kruznice k bodu
P’ leziacej v rovine miestneho poludnika

¢(0) mozno spresnit iterativnym
prepocitanim pomocou nasledujucich
N € rovnic az do poZzadovanej presnosti ¢.

Yy
: .
\/ 1 — e?sin”
e je excentricita elipsoidu vypocitatelna z hodnoty
splostenia f alebo polosi a, b.
Ny — a
(i) \/fl—r_-2 sin” Plio1)
. p T
2 2 h'{*] T cosy o ﬁ'{ﬂ
7 - — b . ) fi—1)
e’ — —2f-f

5 = arctan z
. . . . i N
Online konvertor, napr: http://www.apsalin.com/convert-geodetic-to-cartesian.aspx ) [(1_r_-2 - ij‘ )J
Nyt
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http://www.apsalin.com/convert-geodetic-to-cartesian.aspx
http://www.apsalin.com/convert-geodetic-to-cartesian.aspx

Vysledok merania pomocou GPS

* Vysledkom merania je aj Cas.



PDA+GPS

& Trimble

Velmi presné meranie (1 mm — 10 cm)
Geodetické GPS, rover + baza

TR T e %
[ 71~ options= [ Lavers | __mm]
: L




Ako funguje navigacia v aute, ked' presnost GPS je 1 az 30 metrov?

ou e,
......

RieSenim je vyuZitie R -
existujucich geografickych \
dat (map) a inteligentného
softvéru.

~
ST

= Input: GPS Track
Output: 'snapped' road \

\ G=
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Zapnuta funkcia match-map

& . o
imagel©R008)Euresense/GeodisiSlovakial

= ; <
Datum snimky: 2004 48:40'38.32"S 21°12:50:19" V" wvys. 261 m



Diferencialne meranie

e Privyuziti satelitov GPS sa nazyva D-GPS

* vyznamne zvysuje presnost ur¢ovania polohy

» diferencie udajov meranych dvoma blizkymi GPS prijimacmi su
zatazené podstatne mensimi chybami ako samotné namerané
udaje.

» Signal sa siri od druzice k obom prijimacom po skoro rovnakej
drahe, preto ionosférické a troposférické oneskorenie signalu
je zhruba rovnaké.

 Podobne sa prejavia aj chyby efemerid druzic.
* Potrebné dva GNSS prijimace

» 1 staticky = baza/referencnad stanica

e 1 pohybujuci sa =rover)



Diferencialne meranie GNSS

Potrebné su dva GNSS prijimace

1 staticky = 1 pohybujuci sa = rover
baza/referencna stanica




Diferencialne urcovanie polohy (pre GPS je to DGPS)

)\ satelit

prijimacC 1 — baza,

referencna stanica prijimac 2 - rover, pohybuje sa
Meranie tb0 -
Meranie tb1 T Meranie trO

odchylka pre tb1 =

—meranie tb0 — meranie tb1 Meranie trl+ odchylka pre tb1

Meranie tr2 + odchylka pre tb2

Meranie t2
odchylka pre t2 =
= meranie t0 — meranie t2




Diferencialne urcovanie polohy: sluzba EGNOS

» Siet referenénych GNSS stanic v Eurdpe poskytujuce korekcie zdarma pre Uzemie EU a
Severnej Afriky
e Spresnuje polohu na uroven decimetrov a Z metrov

s EGNOS

\K Real Time Performance
Navigatio :NOS Galileo ) ‘

“L AENA

EGNOS for Professionals »
Using EGNOS
EGNOS real time

Today's EGNOS Performance

performance « EPO, ESA
Htrl
Flash » . ESOC, ESA
SISNeT 3
» ]
22 ESRIN, ESA
EGNOS Message Server i £
(EMS) >
IMAGE i ‘ « ESTEC, ESA
Receivers » . e
Software downloads > E

Learning EGNOS
Learning EGNOS
The EGNOS book
SBAS TeACHER
SISNeTlab

SISNeT UAS

Publications

L. 1GUASSU
« INMARSAT

L NMA

‘. PAS, SRC

List of Acronyms

“v Politecnico di Torino /
ISMB

Contact EGNOS Helpdesk Skyguide

EGNOS FAQ » ' ' :

EGNOS MNewsletter : iv Universitat de Valencia
= : :. Septentrio

Disclaimer >

Search 168




Diferencialne urcovanie polohy: sluzba SKPOS

» Siet referenénych GNSS stanic na Slovensku a pohranici poskytujucich
korekcie za poplatok
* Spresnuje polohu na uroven milimetrov az decimetrov

SKPOS® HOME SKPOS QUALITY MONITORING LINKS CONTACT [ ONLINE SHOP ] ’ REGISTRATION
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SKPOS*®

Slovak real-time positioning service

Slovak real-time positioning service (SKPOS®) is a multifunctional tool for precise object and phenomena positioning by global navigational
satellite systems (GNSS). The service enables users to work on-line or in post-processing way in mandatory geodetic reference systems ETRS89
and S-JTSK (JTSKO3 frame). SKPOS® comprises the network of continuous operated reference GNSS stations connected by virtual private
network to National Service Centre established at Geodetic and Cartographic Institute in Bratislava. National Service Centre is equipped with
the control software, which administrate satellite observations from the continuous operated reference stations network and simultaneously
generates so-called network rorrections for users using real-fime service and data serving for nost-nracessing for users eaninned with

postprorsssnEaeTe Slovenska priestorovd observaénd sluzba - SK POS
| Actual information R WWW,SprS.gkU.Sk




GNSS pre zivot



GPS pre navigaciu v doprave

T e

J
http://www.physics.hmc.edu/research/geo/gps.html



GPS pre sledovanie tovaru, vozidiel v doprave
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GPS pre sledovanie tovaru, vozidiel v doprave
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Navadzanie rakiet, dronov — vojenské palikacie




Precizne polnohospodarstvo: GPS, senzory a dialkovy prieskum
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Presné meranie ¢asu, synchornizacia

* bankové transakcie ol
e astrondmia, sledovanie nebeskych =
objektov il S
» siet vysielacov mobilného signalu /\
e porovnava sa ¢as merany na dvoch
vzdialenych lokalitach a porovnava sa Megum Mesum
s GPS ¢asom vysielanym z druzice
* medzi lokalitami sa potom cas / \
synchronizuje napr. radiovym \’? source | L I * LsEr \”;

vysielanim alebo cez internet iy A il




GNSS meteorologia

Predpoved na 12 hodin dopredu, 27. august 2006

GFS, Total Q Cloud [log(kg/kg)}. 2006-08-27-122

* Vyuziva vplyv atmosféry na Sirenie signalu | . M 4 GPSmerania
z druzic k zemi | 5 neboli vyuzite

e Sila signalu sa meni v zavislosti od vlhkosti
vzduchu, elektrického naboja, oblacnosti,
atd.

* Meraju zmeny vlastnosti druzicového
signalu v Case.

* UmozZnuje spresnit predpoved pocasia.

Hurikdn Ernesto
Satelitnd snimka 27. augusta 2006, pre predpovedany moment



Sledovanie polohy zasielok, tovaru, milacikov, vaznov ...

84% of survey respondents want child tracking
service

GPS Tracking Systems

Tracking your vehicle, pet; child, fleat, assets and more, from the author of GPS Mapping

GPS tracking results in huge fuel savings for NY
town

Ads by Googl
The city of Islip, N.¥., on Long Island, has seen a dramatic drop in fuel use
since implementing GPS tracking of municipal vehicles. Supervisor Phil Molan
believes city employees had been using fuel for personal trips.

!
GPS in Cargo Tracking |

Thief uses GPS to steal cars

After all the stories of stolen GPS wnits, and thieves getting caught stealing
vehicles outfitted with GPS tracking systems, comes a tale with a twist.

Mitsuhisa Kobayashi had two ex-wives rent cars for him. He would then place a
GPS tracking device in the car and make a copy of the key. With the ability to
track its location, and a spare key, stealing the vehicle later was easy. 50 easy
in fact, that he stole eight of them.




Sledovanie polohy MHD

WMATA NextBus

The WMATA NextBus is simply amazing when compared to Where is My Bus? in terms of features. Just
take alook at the eye candy:

Next Bus Arrivals

Lve Map | lmetable

Select another stop
To obtain GPS-based arrival times: Live Map
1. Enter stop #; Go R or Return to the Next Bus arrivals search page to select another route or stop. Third party cookies must be

enabled on your browser in order to view the correct map for your location.

2. Sedect your coute, direction, and stop {all must be selected)

3 3 k3 S & i
bt et Malcolm X Ave SE 5 Ma, Satelitné | Hybridné | Terén
Route: A2 ANAC-CONG HGTS v - Parkiand PI GE - e EI ba | [ l ~ ]
) & Ralsigh $15€ il E E'S';Z!‘;Jﬁ. % % F*
Direction:  North to Anacoslia Station b i onesE = g #

Stop:  8th St+Condon Ter -

Next vehicles for route A2 ANAC-CONG HGTS in:

5 Route: A2 ANAC-CONG HGTS
1 0 - K 2 Direction: Morth to Anacostia Station
m lnutes 1 o Stop: 8th St + Condon Terr
% Arrivals: 20min, 41min, & 60min

28 minutes Stop numser 1000075
> Phone: (202) 637-T000
49 minutes
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Geofencing — pohyb zariadeni v definovanej oblasti napr. pre
stroje na stavenisku, pre vaznov, deti, robotnikov.
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Optimalizacia sportovych vykonoy, tréning

7.

200 HZ
MOTION TRACKING

@)

INDIVIDUAL I=>1

TREENE SPEED AND
DISTANCE

-

(@ )

Polar Team Pro solution




Rekredcia a zabava

Aeny:

OUadra St

* Geocaching
* Geodashing

10D Ji°9 2
liH 1epad

 GPS drawing
 Waymarking

* |ocation based
mobile games.



Sledovanie pohybov zemskej kory
(tektonika, subsidencia)
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Sledovanie pohybov zemskej kory
(tektonika, subsidencia)

Year of measurement

0.05
= 0 S
< . . E 975 19 5 ) 2005 2
SEDLAK, V. (2014): Mathematical Testing the Edges = o PR N TSR
of Subsidence in Undermined Areas. Journal of Z -oos
. . 2 — B ench No.
Mining Science, Vol. 50, No. 3, 465—474. 5 e e i
:_:_: N = Prof. I/ Bench No. 109
g - \\ Prof. IT / Bench No. 112
z ‘ — Prof. Il / Bench No. 306
fd\_). -0.15
0.20

Fig. 4. Polynomial model: Profiles 0. I and ITI, Benchmarks Nos. 8. 109. 112 and 306.

Fig. 5. Kosice-Bankov subsidence (panoramic view).



Mapovanie, geodézia

 Zaznamenanie presnej letovej
drahy pri leteckom snimkovani
alebo laserovom skenovani

e Aj pre navigaciu drénov (UAV)




Mapovanie, geodézia
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« HOFIERKA, J., GALLAY, M., KANUK, J., SASAK, J. (2017). Modelling Karst Landscape with Massive
Airborne and Terrestrial Laser Scanning Data. In: lvan, |., Singleton, A., Hordk, J., Inspektor, T. (eds.)
The Rise of Big Spatial Data, Lecture Notes in Geoinformation and Cartography, Springer
International Publishing, 141-154. ISBN: 978-3-319-45122-0

* HOFIERKA, J., HOCHMUTH, Z., KANUK, J., GALLAY, M., GESSERT, A. (2016). Mapovanie jaskyne
Domica pomocou terestrického laserového skenovania. Geograficky Casopis, 68, 1, 3-24.

«  GALLAY, M., KANUK, J., HOCHMUTH, Z., MENEELY, J., HOFIERKA, J., SEDLAK, V. (2015): Large-scale
and high-resolution 3-D cave mapping by terrestrial laser scanning: a case study of the Domica
Cave, Slovakia. International Journal of Speleology. 44(3), 277-291.

* GALLAY, M., LLOYD, C. MCKINLEY, J., BARRY, L. (2013). Assessing modern ground survey methods
and airborne laser scanning for digital terrain modelling: A case study from the Lake District,
England. Computers & Geosciences. 51(2), 216-227. (URL)



Aspon co si teda zapamatat?

dnes urcovaniu polohy (lokalizacii) pomahaju
druzice/satelity,

vysielaju jedinecny signal a poloha druzic je
Znama.

GNSS = GPS, GLONASS, Galileo, Beidou

Hlavnym principom je meranie €asu a urcenie
vzdialenosti ku druziciam

Potrebujeme aspon 4 druzice na oblohe.
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