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Téma

Systémy pro urcovani polohy na
Zemi
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Polohovani na Zemi

e |Lokalni, globalni

e VVyzadovana presnost zjiSteni polohy
e Dynamicnost

e Aplikace - mapovani, navigace

e Potfeba specializovaného zarizeni

Prvotni idea satelitni navigace pochazi z doby Sputniku I.
Méreni Dopplerova efektu.
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GPS (Navstar)

e General Positioning System
e 24 satelitl, vySka 20,200km
e satelity, GPS prijimace (receiver)

e pasivni druzicovy systém pro urcovani polohy na Zemi
(nelze zjistit polohu prijimace)

o satelity vysilaji signal, receiver ho prijima a z ného urcCuje
vypoctem svoji polohu (principem je méreni vzdalenosti
mezi druzici a prijimacem - zpozdeni signalu), rychlost
pohybu a Cas

Poznamka: vychazim z materialll P.H.Dana
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2-D Trilateration (trilaterace)
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2-D Trilateration
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2-D Trilateration
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3-D Trilateration, Je t reba znat:

e polohu nejméné tfi satelitC

e moji vzdalenost od nich

e vzdalenost - vypocCtu z doby, po kterou leti signal od satelitu
ke prijimaci

e pro mereni casového rozdilu jsou treba dvoje hodiny s

rozlisenim nanosekundy (atomovée hodiny - kolem
$100,000)

e atomoveé hodiny jsou pouze v satelitu, pfijimace obsahuji
obycCejné hodiny (které periodicky resetuiji)

e potfeba znat polohu satelitl - almanac (poloha + parametry
jeji orbity pro predikci)

e predpoklad - radiovy signal leti k prijimaci konstantni
rychlosti (zpomaleni signalu v ionosfére, vliv velkych
objektl - vySkové budovy)
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Konstalace satelitl

Falier &, D Q2208

GPS Nominal Constellation
24 Satellites in 6 Orbital Planes
4 Satellites in each Plane

20200 km Altitudes, 55 Degree Inclination
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Konstalace satelitl
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Historie

e plvodné vojensky projektu USarmy

e prvni druzice (vyrobena firmou Rockwell) vypusSténa v
unoru 87 (posledni v unoru 89)

e roCni udrzba - 400 mil. USD, spolutucast komercnich firem
(uvolnéni pro verejnost na pocatku 90 let)
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Orbity

e 24 satelitl, orbita - perioda obletu 12 h

e 6 obéznych drah, 4 druzice rovhomerne rozlozené po draze
e rezervni druzice

e |ze vidét 5-8 satelitll z kazdého mista Zemé

e stacCi 4 - tfi slozky souradnice a Cas
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Pozemni obsluha

e satelity jsou "vesmirny segment”
e fidici segment - sit pozemnich fidicich stanovist
e uzivatelsky segment - uzivatelske receivery
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Ridici segment

Patel H DanaTr2dss

o Faleon AFB P
) Colorado h‘-|.|-.|.:.|:_.'n 1 :
M:.L 1'II: h{i AR ."l. e
- Stel ot : S = a
Hn:l-'ﬂdi Nelonicor Statan’. ‘_‘._'I!',. lll"llri"'r o i
Mondtor Stat e e L N 5
0 : .tu-r oh - = ..- : e Kwajalein

- (] - = . :
s J‘I.#F‘J-En!.'lﬂn Island ::? sDlego Garela 'Mumqu_ﬂ!:lhﬂ.u
Monitor Station”Y Monitor 5L;1ﬂunC_\;'

; &

zlobal Pesitionine System (GP5) Master Contrel and Moniter Station Metwork

Geografické informacni systémy — p.15/6



Ridici segment

e hlavni RS je v Schriever Air Force Base (Colorado)

e RS prijima signal ze satelitll a poéita korekce (pomoci
modelu) jejich nastaveni (ephemeris - poloha, status,
datum, Cas), které jim posila

e ephemeris jsou soucasti informace, kterou satelity posilaji
pozemnim pfijimactm
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Uzivatelsky segment

e tvoren prijimaci a uzivateli

e informaci je hlavné 3D-souradnice (lat, lon, vysSka) a GPS
cas

e urcovani polohy, navigace
e k urceni polohy je potreba viditelnost na 4 satelity

e Cas je druhou dulezitou informaci z GPS - napfiklad pro
astronomickeé observatore, telefonni systémy, meterologicka
mereni

Sluzby GPS:
e Precise Positioning Service (PPS)
e Standard Positioning Service (SPS)
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Uzivatelsky segment

GPS NAVIGATION

F H Dana 271704
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Precise Positioning Service (PPS)

GPS Positioning Services Specified In The Federal
Radionavigation Plan

e Authorized users with cryptographic equipment and keys
and specially equipped receivers use the Precise
Positioning System. U. S. and Allied military, certain U. S.
Government agencies, and selected civil users specifically
approved by the U. S. Government, can use the PPS.

e PPS Predictable Accuracy
o 22 meter Horizontal accuracy
o 27.7 meter vertical accuracy
o 200 nanosecond time (UTC) accuracy
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Standard Positioning Service (SPS)

e uzivatelska presnost (Udaj z roku 94)
o 100 meter horizontal accuracy
o 156 meter vertical accuracy
o 340 nanoseconds time accuracy

e signal se zameérné kazil (neslo odfiltrovat), dnes jiz presnost
az na lm

e Selective Availability, zavedeni diferencialni korekce
(DGPS) - dlouhé nabihani

e May 1, 2000 - Clinton zrusil SA (ma jeste DGPS vyznam?)
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Vypo Cet polohy ze signalu

PrijimaC musi:
e zjistit sestavu viditelnych satelitl (rozpoznat je)
e prubézné dekddovat jejich informaci
e méfit Time of arrival (TOA) signall
e vyhodnocovat polohu a Cas
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Vypo Cet polohy ze signalu

L1 CARRIER 153735.42 MHz

WA L1 SIGNAL
C/A CODE 1.023MHz

ST AT )Q ® Aivor
NAV/SYSTEM DATA 50 Hz

: D
Modulo 2 Sum
P-CODE 10.23 MHz

L2 CARRIER 1227.6 MHz
AWV L2 SIGNAL

GPS SATELLITE SIGNALS

P H DANA 408
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Signaly

Nosneé signaly (maji stejnou fr. pro vSechny satelity, vysilaji se
ve stejne okamziky):

e L1 - obsahuje navigacni informaci a SPS kod (pouze civilni)

e L2 - informace pro mereni zpozdeni v ionosfére (pro PPS),
Sifrovany

Do L1 se micha (modulace):

e C/A Code (Coarse Acquisition) - 1MHz pseudo-nahodny
sum (PRN) s periodou asi 1ms. Je originalni pro kazdy
satelit (slouzi pro jeho identifikaci). C/A je zakladem pro
SPS.

e The P-Code (Precise) - obdoba C/A - perioda 7 dni, 10MHz,
Anti-Spoofing mod vypoctu, PPS

e Navigacni informace - 50 Hz signal obsahujici informace o
orbité satelitu, Casu, ...
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Korelace vstupu s generatorem C/A

10000100 AT AOOD00CE CLOCR T EEOC OO D00000c N oo oo 000110111010

Partial Correlation of Identical Receiver and Satellite PRN Codes
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Korelace vstupu s generatorem C/A

10000100 1111920011901119210190000100101100 000110111010

Full Correlation (Code-Phase Lock) of Receiver and Satellite PRN Codes
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C/A

G1 Shifi Regisier = 1 + X° +X'° ® = Exclusive Or

] and G2 Inital State = all ones

1 Code

G2 Shift Regisier = 1+ XXX 0+X

CIA Code Chips

L2 |34 5|a]7|8]92]10

T
PRN Code™ ~ “Ok * Phase Taps
(Taps 3 & § =PRIV 31) G2 Code

&PS C/A Code Generator

Patsr H. Canz 112554
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Receiver block diagram

Antenna Peter H. Dana 72005

. Data Bit Alignnent
Mixer Data Bit Havigation Message | Data Parity
Preamplifier Demodulation h Data Decoding
and Down Converter and Po=sition,
r Code Control |__ Satellte Positions Velocity,
and Time
Pseudo-Range —}
+ Corrections
CiA Code Cia Code Measu'ﬂ'rml" Pseudo-Ranges
Generator
f Receiver Position,
Velocity,
: wrement and
Clock Time Meas B| Time Comoputations

Simplified GPS Receiver Block Diagram
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Receiver block diagram

Peter H. Dana 712985

GPS Carrier
b

50 Hz Data Bit Stream

Low Pass Filter

I {In-Phase) | ‘ A

an-

Humericalhy
Controlled
O=cillator

I

Bi-Phase
Lock Loop
Filter

Low Pass Filter

I"#

»

avigation Message

1”2+ 02 = Signal Power

+

Q"E

ad
Q {Quadrature-Phase}"

GPS Data Bit Demodulation and C/A Code Control Block Diagram

To C/a Code Control }
(maximum signal power
indicates code correlation)
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Naviga cni balik

SUBFRAME|*  oNE SUBFRAME = 300 BITS, 6 SECONDS —3

TLM | HOW | SV CLOCK CORRECTION DATA T

TLM | HOW | SV EPHEMERIS DATA (l)

TLM | HOW | SV EPHEMERIS DATA (Il)

25 PAGES OF SUBFRAME 4 AND 5 =12.5 MINUTES
TLM [ HOW | OTHER DATA {IONO, UTC, ETC)

1500 BITS,
30 SECONDS
TLM | HOW | ALMANAC DATA FOR ALL S¥Y5 :,lc

— ONE WORD = 30 BITS, 24 DATA, 6 PARITY —
8-BIT PREAMBLE DATA PARITY

TLM
TELEMETRY WORD

HOW
HANDOVER WORD

GPS NAVIGATION DATA FORMAT

F HDOARA 10832

17-BIT TIME OF WEEK DATA PARITY
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Naviga cni balik

e datovy ramec - 1500 bitl, rozdélen do péti 300b podramcl

e 1. podramec - hodiny, 2. a 3. - info o orbite, (4,5 -
systémové informace)

e odeslani podramce trva 6s, celek 30s

e almanach - informace o drahach vSech satelitll, dataset o
lonosfére (model) pro prijimac, data o UTC
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Prijima C

e obsahuje generator C/A kddu (je deterministicky, lze zjistit a
generovat soubezne se satelitem). Neéktere prijimace si C/A
parametry archivuiji.

e prijimac se snazi synchronizovat se satelitem (korelace
obou C/A signald)

e demodulace L1 a extrakce navigacnich dat
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Vypo Cet polohy

The GPS Navigation Solution

correcily estimated and added to each measured relative range.

The estimated ranges to each satellite iniersect within a small region when the receiver clock hi%seggr :




Vypo Cet polohy

Pnint: XY, Z

Prirne
Meridian

Equator

Earth Centered, Earth Fixed X, Y, Z

F H Dana 271704
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Vypo Cet polohy

Earth Centered, Earth Fixed X, Y, Z

F H Dana 3/17%94

Geografické informacni systémy — p.34/6



Vypo Cet polohy

3P & Pgeudorange Mavigation Example - Peter H. Dana - 4240065
Satzlite (5W) coondinates in ECEF XE from Ephemeris Parametere and 5% Time

S‘-.-':-:EI =155244T1 175 S"-.-‘],rEI = -1 EGASERE, 222 S"v’zcl =1EG1 23T 38T & 15
va“l (= - 22304068524 S‘-.-‘],r1 (= - 22808, 455 S"«-‘z1 =11E1T0EE105 g 2T
S‘-.-’:-:2 =EER0243. 35T S"-.-‘j,r2 (= - E089E25 561 S"v‘zE (= 20378551047 AtRey |
S‘-.-’:-:3 =-14T39931.395 S"-.-‘],r3 == A25358. 24 S‘v‘za S EOEIRAT 224 gy

Satelite Peeudomanges in meters from CAA code epochs in milliseconds)
F_ ‘=29431.971 P, '=133930.500 P, '=283032.754 P, '=2053%681.T42Range + Receiver Clock Biss

] 1 2 3
Reoziver Pozition Extimate in ECEF 55
Rx =-730000 Ry 1= - 5440000 Rz :=3230000
For Each of 4 8Ws i =0..3

Fanges from Receiver Poeition Estimate to 5%Ws () and Anay of Obsenved - Predicted Ranges

— 2 2 2 .
R = J [S‘-.-’xi - le:| + [swi - Fl],r:| + [sv:l - sz L = m-:u:l[ [FLI] .EEIEI'."EIE.-:IEEI] - F,
Compute Directional Derivatives for 272 and Time
S‘-.-’xi — Rx S‘-.-’].ri — Ry S‘-.-‘zl — Rz
O, =— Dy, =——— Dzl = Dtl =

! A ! A
i

R
i i

Sohe for Comaction 1o Reczwer Poeition Extimate

Dx_ Dv. D ]
. o o Dtﬂ — 25436
Dxy Dy Dz D { T ]I-" T —3791 952
A= dR = hA A AL df =
DIE IZ:I].r2 DzE IZ:I’t2 1193286
12345.9397
Dxy Dvy Dz Dt |
Apply Corections to Receiver 72 and Compute Recsiver Cloch Biss Estimate
Rx .= FlJ-c+n:|F{cl Ry = HFy + u:IFLI Rz :=Hz+ u:IFL2 Tima .=|:|F{3

Fx = —T33186 496 Ry = —5443791.932 Rz = 3231192.286 Time = 12345.997 Geografické informaéni systémy — p.35/6;



Prijima C

e 3 satelity staCi na 2Dfix, 4 na 3D
e informace o poloze je ve formatu XYZ, prepocet na lat-lon

e vztazeno k nahradnimu elipsoidu WGS-84 (lze pouzit i jiny.
Velké odchylky polohy pri pouziti nevhodného elipsoidu)

e vypocet rychlosti (zména polohy v Case), azimut (gps jsou
obvykle bez kompasu)

e Casy: satelitni cas (kazdého s.), GPS time, UTC time

e Universal Coordinated Time (UTC) je vypocten z GPS Casu
pouzitim UTC korekénich parametrti (UTC a GPS casy jsou
posunuty)
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Vypo Cet polohy

Coordinate Conversion
Geodetic Latitude, Longitude, and Height to ECEF, X, Y, Z

X =(N+Hhcosgcosi

Y=(N+k cosgsind

Z=[N(1l-e*)+ k]sin¢

where:

¢, A,k = geodetic latitude, longitude, and height above ellipsoid
X ¥ Z = Earth Centered Earth Fixed Cartesian Coordinates

and:

N(f)=a/.1-e*sin’ ¢ = radius of curvature in prime vertical

& = semi-major earth axis (ellipsoid equatorial radius)
b = semi-minor earth axis (ellipsoid polar radius)
i)

f= “-b_ flattening
i

eg*=2f - f° = eccentricity squared Peter H. Diana 3/3/96
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Vypo Cet casu

to SV Time

Time of Week | Time | 5V Time to

GPS Time

Time

GPS Time at SV to Time GPS Time to

EI GPS Time at Recefver BI uTc

J00 Bit Subframe 1 J00 Bit Subframe 2 J00 Bit Subframe 3 J00 Bit Subframe 4 (page
|TDW SV Clock Parameters Ephemeris Data 1 Ephemeris Data 2 UTC Parameters
slg o sl sl slg
Delta SV Time [(—BEAMSHICTRIN 1 o pogition and UTC-GPS
Relatiistic Terms Correction
Tow Delta SV Rande
Time ge UTC - GPS Terms
%V to Recenver
N S GPS GPS ‘L

9 Universal Coordinat

SV Time, GPS Time, and Universal Coordinated Time Comput:
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Geometric Dilution of Precision (GDOP)

?nnl \/icithilit\ s

FPOOR GDOP

F H Dana 871794
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Geometric Dilution of Precision (GDOP)

?nnl \/icithilit\ s

GOOD GDOP

F H Lana 21704
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Geometric Dilution of Precision (GDOP)

?nnl \/icihilit\/

0o
0o
]

GOOD GDOP- BAD VISIBLITY
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Zdroje chyb

GPS ERROR SOURCES
TYPICAL |  DGPS (CODE)
ERROR RANGE | RANGE ERROR
SOURCE ERROR <10 KM REF-
REMOTE
SV CLOCK 1M
5V FPHEMERIS 1M
SELECTIVE AVAILABILITY | 10 M
TROPOSPHERE 1M
IONOSPHERE 10 M
PSEUDO-RANGE NOISE 1M 1M
REECEIVEE MNOISE 1M 1M
MULTIFATH 0.5 M 0.5 M
RMS ERROR 15 M 1.6 M
FRROR * PDOP=4 60 M 6 M

PDOP=Position Dilution of Precision (3D 4.0 i typical
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Differential GPS (DGPS) Techniques

e pohyblivy a referencni prijimac

e pozemni prijimac provadi korekce pseudo-ranges vSech
satelitl ve vyhledu

e oba musi mit pochopitelné stejnou sadu satelittl (a GDOP)

e pouzitelné jako real-time (prenaseno vysilanim) nebo
post-processing (standardizovany format Radio Technical
Commission Marine (RTCM))

e existuji agentury, které provadi casovy zaznam GPS
korekce a prodavaji to pro post-processing
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Schéma DGPS

DIFFERENTIAL GPS POSITIONING

)

RANGE CORRECTIONS

BASE REMOTE
KNOWRN POSITION CORRECTED POSITION

F HDOARA 10452
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Schéma DGPS

GPS COMMON VIEW TIME TRANSFER

IOMOSPHERE l

TIME CORRECTIONS

REFERENCE REMOTE
KNOWN POSITION KNOWN POSITION
KNOWRN TIME CORRECTED TIME

F HDOARS, 3493
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Budoucnost GPS

e budou pridany dalSi civilni a vojenskeé signaly

e novy: L2C - CS (civil signal) - presnejSi méreni na dvou
frekvencich

e L5 - novy signal na 1176.45 MHz (silngjSi, SirSi pasmo pro
prenos dat)

e Trimble R-Track - firma, pfipravuje novou generaci 2freq.
prijimacl vyuzivajich L2C (lepSi méreni faze, odstup
sum-signal)
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NMEA 0183

NMEA (National Marine Electronics Association) 0183 Standard

e Standard pro komunikaci s naviacnim zarizenim (elektricky,
protokolovy)

e RS-232, 4800 baud, 8 bits, ? stop bits - parametry jsou
dnes jiz vysSi

e komunikacni "vety", format::= "$"item {"," item}<CR><LF>

e SGPRMC,154232,A,2758.612,N,08210.515,

e \W,085.4,084.4,230394,003.1,W*43<CR><LF>

e prvni dva znaky prvniho datového pole - talker ID ("GP" -
GPS)

e prvni pole: ttsss - tt (talker), sss (sentence) ID
e RMC = Minimum Navigation Information
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NMEA 0183

RMC - Recommended Minimum Navigation Information

1 2 3 4 5 6 7 8 9

| || | I
$--RMC, hhmmss. ss, A L1 .11,a,yyyyy.vyy, a, X. X, X. X, XXXX
X. X, ax hh<CR><LF>
Field Number:

1) UTC Time 2) Status, V = Navigation receiver warning
3) Latitude 4) N or S 5) Longitude 6) E or W

7) Speed over ground, knots 8) Track made good, degrees true
9) Date, ddmmyy 10) Magnetic Variation, degrees 11) E or W 12)

Checksum
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Urovn & pfesnosti

o 2D-fix - 3 satelity viditelné, lat-lon je "presne”
e 3D-fix - 5 satelitl, vysSka (geoid)
o 3D-fix+differential - korekce

$GPGGA, 152824, 4859. 9519, N, 01205. 7305, E, 2, 06, 1. 6, 364.
$GPGSA A 3,, 03, 11, 15, 21,,29,31,,,,,3.3,1.6, 2. 6x3C
$GPGSY, 2, 1, 08, 02, 08, 329, , 03, 45, 155, 36, 11, 40, 277,42, 1
$GPGSY, 2, 2, 08, 21, 56, 061, 43, 23, 15, 047, , 29, 35, 103, 37, 3
$GPRMC, 152825, A, 4859. 9519, N, 01205. 7305, E, 000. 0, 000. O
$PCRMI, GPS 25-HVS VER 2.21 ,P,P,R R P,, 28, R-05

GPGSA - aktivni satelity, (SV - viditelne)
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Komunikace receiver-uzivatel

ttsss (prvni pole)
e P - proprietary sentences
e Q -guery
o $CCGPQ,GGA<CR><LF>
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Galileo

e evropsky projekt, obdoba GPS
e VétSi dlraz na komeréni financovani.
e Bude nékdy fungovat?
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Glonass

e rusky projekt pro navigaci, zaCatek 80-tych let

e neni komeréné pfilis pouzivan (opét puvod v armadnim
pouziti)

e rozdilné frekvence pro kazdy satelit

e 19,100 km orbits, 11-hour, 15 minute period

e kolem roku 2008 ma opét obzivnout
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Beidou (Peoples Republic of China)

AL FHL R

e Compass (Beidou) - Cina. Stav k dubnu 07 - pét funkénich
navigacnich druzic.

e Compass bude zfejmeé globalni. Beidou (souhvezdi Velky
viz).
e pry v roce 2008 bude zdarma poskytovat navigaci s
prenosti do 10 metrl
e postavena na !l! geostacionarnich satelitech
e Beidou 1 je tedy v souCasné dobé funkcni v oblasti
vymezeneé temito souradnicemi: 70° az 140° vychodni delky
a 5° az 55° severni Sirky.
e Prijimac aktivné komunikuje s druzici !!! Vypocet
nadmorské vysky je dan ze znalosti DEM Ceoralck® nformacnfsysiémy - p.536



Ostatni

¢ |Indian Regional Navigational Satellite System (IRNSS).
Pfesnost do 20 metrti na uzemi Indie + 2000 km okolo.
VesSkere technologie vyvinuty v Indii. 2006 zapocato

e QZSS - Quasi-Zenith Satellite System. Japon. Highly
Elliptical Orbit. Komercni aplikace, DGPS, prenos dat.
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CZEPOS

o aktivita CUZK

e sit pozemnich stanic pro distribuci korek¢niho signalu pro
globalni polohovani

o nekolik sluzeb, volitelna presnost
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CZEPOS

o Aplikace - geodézie, logistika, meteorologie, zpresnovani
urcovani polohy

e Sluzby CZEPQOS jsou zpoplatnéeny
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CZEPOS - presnost 10cm

e Distribuce DGPS signalu

o Korekce v realném Case

e StaCi obycCejny GPS prijimac umoznujici real-time DGPS
vstup

e Korekcni signal je Siren pres Internet (protokol NTRIP)

Geografické informacni systémy — p.57/6



CZEPOS - presnost 1cm

o Korekce v realném case. GPS prijimac vybaven RTK
korekce (Real Time Kinematics)

e Sluzba RTK - potfebna je vzdalenost do desitek km od
nejaké CZEPOS stanice

e Sluzba RTK - PRS (Pseudoreferencni stanice): Aparatura
zasSle do ridiciho centra informaci o své pozici (NMEA
zpravu), na zaklade které obdrzi korekce z
pseudoreferencni stanice. Jedna se o tzv. virtualni stanici
umistéenou cca. 5km od pozice uzivatele. KorekCni data z
této stanice jsou systémem vygenerovana na zaklade
sitového resSeni ze vSech stanic CZEPOS.
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CZEPOS - presnost Imm-1cm

e Postprocessingova korekce.
e Dvoufrekvencni GPS

e Po méreni se obdrzi data RINEX z centra CZEPOS a
koriguji se
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WAAS/EGNOS

e European Geostationary Navigation Overlay Service (ESA,
EC, European Organisation for the Safety of Air Navigation)

e 3 geostacionarni satelity pro distribuci DGPS (nad Evropou)

e 2005 to zacalo pracovat
o WAAS (podobné pro severni Ameriku)

Relaramen |Riegeity
Mondiosing Station
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GPSky

e Bluetooth gpsky
e Automobilové
e Qutdoor

e Mapy
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Satelitni druzice pro meteorologii

e souvislost s GIS - informace vztazené k poloze, geograficke
projekce, rastrové a vektoroveé mapy

e Casové proménna informace, simulace procesu
e Meteosat 7

e pozemni, balébnova mereni (bodové informace). Satelitni
snimky (velka oblast)

e informace: teploty mofi (dulezité pro predpovédi), vegetace,
ohniska velkych pozaru, stav snéhu a ledu, stav znecisténi
atmosfeéry, oblacnost

e prvni: TIROS-1 (Am.) - 1. duben 1960

e 7. prosinec 1966 - prvni geostacionarni meteorologicka
druzice

o 23. listopad 77 - Meteosat-1 (prvni evropska)
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Meteosat
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Druzice

e operativni na nizkych polarnich drahach
e operativni na geostacionarnich drahach

e vyzkumné (R&D) druzice - specificka mereni (jejich vyznam
roste)

e EUMETSAT - evropska spolecnost pro rizeni Meteosatu (v
Darmstadtu)

Geostacionarni drahy:

e draha, po které druzice obleti Zemi za 24h (vysSka asi 42
168 km) - geosynchronni

e nulovy sklon k povrchu Zeme (rovina rovniku s drahou jsou
totozné) - geostacionarni draha (objekt jakoby visi na
jednom miste), vySka 35 790 km

e A. C. Clarke - napad vyuzit druzic pro monitorovani povrchu
a komunikaci
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Meteosat

e umisténa nad souradnici O,0 lat-lon (Guinejsky zaliv) -
druzice vidi Afriku, skoro celou Evropu, Atlantsky a Indicky
ocean (zapad) a cast Jizni Ameriky

e tvar: nékolik vnorenych valcu (2.1m prumér nejvétsiho),
3.2m délka, 700kg

e kolem své osy kolmé na rovnik rotuje 100 ot./min

e system zrcadel postupné snima cely pas (viditelné) Zeme
(od Jna S) - trva to 25 minut (+5 minut na navrat do poc.
polohy) - 2 snimky/hod (v x:00 a x:30)

Pasma:

e VIS (visible)
e IR (infrared)
e WV (water vapor(para)) - pasmo absorbce vodni parou
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NOAA AVHRR - Dalsi DPZ v meteorologii

e NOAA AVHRR - National Oceanic and Atmospheric
Administration, Advanced Very High Resolution Radiometer

e 6 kanall - kombinuje se viditelné spektrum a teplotni
spektrum

e polarni orbita, prelet cca 1 hod
e snimky povrchu, vegetace, prasnosti, oblacnosti
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Meteorologické radary

e Aktudlni stav oblagnosti nad Gzemim CR (dva radary).
Snimek jako MMS.

e Horizontalni a vertikalni idaj o rozmisténi oblacnosti — je
mozno pozorovat konvektivni oblacnost.

e detekce bleski
e CERAD - Central European Weather Radar Network
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Meteorologické radary

CEZRAD - shatux 2000
Hadar coveragns (1588n)
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