





Widok Ziemi
Z przestrzeni kosmicznej
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Wzgl dne rozmiary Ziemi, powtoki atmosferycznej, ...

R = 6370.140 km rownikowy promie Ziemi

wysokc - atmosfery I-lOO = 0.314

R
gt bokaic pod pow. Ziemi

W skali pomaracza o promieniu 5 cm

TLp = (T + L)-P
R

TLp = 0.018




TOPOGRAPHIE DYHAMIE

ll.;-“"-l"'...._."'-i-. x

Satelitarne monitorowanie Ziemi
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Obserwacja SSZ: wyznaczenie odlegto  ci i szybko sci radialnej
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Earth Surfaces
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GEOID OF THE EARTH
over shaded topographic relief
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lonospheric Total Electron Content (10" electrons / m®)
Bam-7pm Oct 22 -Nov 1, 1992

Monitorowanie jonosfery

Mo Valid Data
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ERS52-GOME Total Ozone Column Monthly Mean
September

1595
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Obserwacje zachmurzenia
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Pola wiatru
powierzchniowego

WIND SPEED, M/S

12 14 16 18 20
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Sea surface\
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Houteur des vogues mesurée par l'altimétre radar d'ERS—-2 — &t& 154895

an
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€ B34, 1956 — Eloborg par Magence Spetlole Europeenne, ESRIN, Froscat] €0
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0 1 2 2 4 5 [ 7 B
Houtsur des vagues en metres

Wysoko ¢ fal oceanicznych, lato 1995.
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redni poziom Baityku
wzgl dem geoidy
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Warm-core eddy Cold-core eddy

. date

a5 590903

| e

424

4k America @
o 4

349
38
37

13

Gulf-stream
main current

Pr dy oceaniczne

AD 2001.04

19



v

Radarhild

PR

+ Phasen-
information

AD 2001.04

Digitales Hohenmodell

Animation

hasen-
irmation

20



Color Shaded Digital Elewation Model Sat Feb 12 18:53:04 2000

Site: United States

Source: H-SAR SRTHM data
Acguis.  Date: 12-02-2000
Data take id: 00001 0077
Baseline: 59 2 m /-171.6
Scene Center: 1067, 32.9

3620 | - Haeon
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Projection: UTMIZ WGSH4
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Res 50.0 E0.0 m
MW 911800 0 3626450.0 m
SE  941800.0 3598450.0 m

Produced by DLE
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DLR  dor Luft- und Raumfahret o {6680
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Powierzchnia Wenus

Powierzchnia Marsa
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Contrails over central Europe on 4th May 1995 at 7:43 UTC
based on NOAA12 AVHRR satellite data (Mannstein et al., 1997).
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persistent contrail coverage (1992}, eta=0.3
linear weighting
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Persistent contrail coverage (in % area cover) based on meteorological analysis
data and on the fuel emission database for 2050 (IS92 fuel consumption scenario for 2050)
assuming a linear dependence on fuel consumption and an overall efficiency of propulsion

h of 0.5; global mean cover is 0.5%. Compare with Figure 3.4.5. (From Gierens et al., 1998.)

persistent contrail coverage (2050/1), eta=0.5
linear weighting
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Skaning powierzchni Ziemi

Po ar buszu w Australii
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Monitorowanie wyr gbu lasu
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ERS-1

Envisat

Topexposeidon
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SAE Antenna

ATSE-Hicrowave Sounder

= = ATSE-Infra-red
Radar Altimeter gt & - Radiometer

Laser Retro-reflector

EES-1 Payload
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_ Typowa orbita SSZ dryfuje w kierunku zachodnim o 22
Orbity SSZ stopnie/obieg




Orbity synchroniczne ze Sto  cem

e Orbity g-polarne

Widok sladu na powierzchni ziemi




Atibude = TBS km
Ground track

Oroil penad - 100485 minutes
Incination = 88.6°

Orbita quasi-polarna
synchroniczna ze Sto cem

AD 2001.04

Pokrycie powierzchni pomiarami
SAR | altimetrycznymi
(cykl 3-dniowy)
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Obserwacja SSZ: wyznaczenie odlegto

PRARLC Srourd Ssalion
M

AD 2001.04

ci 1 szybko sci radialnej

Lacar Sive
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Odbty nik laserowy
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System operetions during
ground station contactk:

Permanent of tran s-
mitted and received signal

Independentdetermination of

(iDLL) end
frequency (PLL}
System and

embiguity solution by 8-bit
EARKER-code every second

AD 2001.04
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PRARE stacja master
w DLR Oberpfaffenhofen

Segment
PRARE
A2 e Oprogramowanie
kontrolno sterujace

Oprogramowanie
Sluzba . Program Orbitalny
—>— dekodujace |——=——

Czasu EPOS

|
|
|
| SM, SD
|
|
|
‘ przetwarzajace

D-PAF
Archiwum
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Centrum kontroli misji w Darmstadt

Antena w Fucino

AD 2001.04 41



ERS-1 inside the Interspace Test Facility

EES-1 fully deployed inside
the Interspace Test facility,
Toulouse, France.

AD 2001.04
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ERS-1 Solar Array

R

Front and rear side of EES-1 solar array. The wiew shows the
pantograph deplogment mechanism.
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ER5S-1 Spacecraft in Launch Configuration

AD 2001.04

ERS-1 spacecraft in
launch configuration,
the arrays and

lded, during

Metherl E”II:i g,
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|

Solar-array
box In stowed
position

Otwieranie baterii stonecznych
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Stowed Antenna

End of Phase-1

Deployment Phase-2

End of Phasa-2

Deployed Antenna, End of Phase-3

Pansd 1 Panel 2 Panal 3

Locking rod /

Rozpakowanie

anteny SAR

47



Centrum kontroli misji w Darmstadt

Antena w Fucino

AD 2001.04 48



Miwde = 785 km Pokrycie powierzchni pomiarami
SAR | altimetrycznymi
(cykl 3-dniowy)

Geound track

Time of day = 10,30 am

(bocal tima sl descanding
e |

Orait penas 100 485 minules

Mirection of ravel trapctony Inclination = B8.6"

Orbita quasi-polarna
synchroniczna ze Storicem
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PAF Besponsabilities

PAFs

D-PAF : DLE

Oberpfaffenhofen
Germany

Processing

SAR/RA/PRARE
Frocessing

F-FPAF :
IFEEHMER
Brest, France

LER
Frocessing

I-PAF : ASI
Matera, [taly

SAR/LER
Frocessing

UK-PAF DRA

EAE Farnborough,
Lk

SAR/LEBR
Frocessing

Harmonised responsibilities of the Processing and Archiving Faciliti

AD 2001.04

Products

SaR [ precizion & geocoded )
Precision Orbit
Precizion Altimetry

altimeter {ocean)
Al wind Cocean)
gl Wave focean)

S&R Regional
LER Mediterranean

S&R Image Mode
altimeter (ices1and)
&TSE

Akl Wave
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System operetions during
ground station contactk:

Permanent of tran s-
mitted and received signal

Independentdetermination of

(iDLL) end
frequency (PLL}
System and

embiguity solution by 8-bit
EARKER-code every second

AD 2001.04
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Host Satellite

[Epr——

X-Band 2-Way
PN-Coded Ranging (10 MChip/s)

S-Band 1-Way
PN-Coded Ranging (1 MChip/s)

N\

Ground Station

Control Station Master Station Cahﬁimn\




Segment pokiadowy

- rozmiary 400x240x180 mm,
- masa 17 kg,
- pobor mocy 30/8 W (moda on/by)
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PRARE Block Diagramme

%

L

L[>

Ay

. —P>
Uitra Stable S-Band Carrer S-Band Modulat S-Band Power Amplifi S-Band Output Fitt
Oscillator Generator -Band Modulator -Band Power Amplifier -Band Output Filter Six
Antenna
System Timing X-Band Carrier \
Generator Generator X-Band Modulator X-Band Power Amplifier
Built-In Calibration X-Band Receive/Transmit
Transponder Diplexer
. Receiver Receiver Time-Interval Receiver Carrier < 1st- and 2nd Intermediate < i
Microprocessor Counter Phase Measurement Frequency Stages X-Band Front-End
| |
\ - \
‘ x y ‘
Main Processor
Program Memory Power Conditioning
House-Keeping and > Science Data Memory > Power Interface

Instrument Telemetry

AD 2001.04

Satellite Data Interface

<4 P

Command Interface

Power Monitors

Power Interface
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Stacje — anteny naziemne

- 60 cm paraboliczna antena,
- monta azymutalny, sledzacy,
- masa anteny 45 kg,

- elektronika (560x560x300 mm, 35 kQ)

A
r’l:l\eleowl'.‘l
 Station
— LY
X-Band »
} Transmitler [
006m Triplexer pam x }
& »| X-Band piStation F b | [l58)
e :rfesl» 1 Recaiver ecava | | Processor S
rans- ) Lo 4
AZ/EL ponder 1—; Time [ .
Tracking s e s 7| IETVED [2
4 [ W S-Band
Receiver O
[ Monitor
& Tesl
Antenna Unit Electronics Unit Computer
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Stacje - anteny PRARE
wykonane w Dornier




.....

Anteny PRARE

Mongolia

N '.u.-

copyright: Communications Research Laboratorg.— |=u;__=|r|

Antarktyda
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fis~ 8.5 GH fra=fia(1-Vu/c)

n+1 sec

fra=fts(1-Va/c)
fia=K fra~ 7.2 GHz

A Tz
Ground station Number of cycles : N -I (fo=frs) dt = ((fo - K s ) + K fis/c (Va + Vu))(T2 = Ty)
Ta

i
Z am Corrected value : Nvac = N+ ANon + ANirop
91

Mean traveling time : T =
where : fo = 8,489 GHz,
Epoch (PRARE time) : t= 917/ 2 + 50 ms + n sec (PRARE time) fts = fo + OFFSAT
K = 749/880




Funkcjonowanie systemu PRARE

— Comparison of

FRARE FHange
—Space Seqment w5, Laser Hange
hfon toring Data
— Commanding
— Data Dumping &
Transferto MS — Station Activity GFZ Data Center
Announcement
- SetlpFile —Catalogue &
Arch e
— Diszemination
(ftp Server)
AD 2001.04

—Mission Flanning
— Clock Modelling
—Data Decoding

— Freprocessing

Fia0 Ey=am

— Predicted Qrhit
— Prelimin. Orhit
— Frecise Orhit

Tekecommunica-
fion Sy=lem TCE

— Internet
- Telex
—Maodem
—I50M

PAARE ProducE

— FH&MNF Hange

— FH&MP Hange-
Hate

— FH lon

Daldba=e Mana-
gam. Swtam OME

—Catalogue &
Archive

—Dissemination
(ftp Seren

59



Sygnat PRARE

pri—code

LowRate data

Sync signal HighRate data Microwave carrier
* v cer i binerd
-W BPEK . FRARE signal
[coda bi-phama) (mod[2)=dd )
pn -codes: X-band = . 5=band =
Synchronization signal: X-/S-bend = BARKER-Code (10111000}
Binary LowRate dala: X-/S5-band =

Binary HighRalte data:

Microwave carriers:

X-/S-down = 2000/ (10000} bps (X-up =1000 bps})

X-down = , S-down = 2.2482 GHz
X—up = T7T49/880 = X-down =

AD 2001.04
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10111100011001101001110001110001011110001100110100111000111000

I LILIU L L L o

A Short Repeating PRN Code Sample




Generacja i zapis danych w pami

Generation and storage of Data Storage frames. (After Griech 1993).

eci PRARE

Name Length Generated at Stored at
PRARE time 4 slot 0-9, PT60s=40 same second
Dummy frame 0 slot 0-9 same second
Receiver data | 13,25,37 | slot 2, if data available same second

,49
Ground station 2 slot 2, if transition to same second
+ receiver LOCK
number
Memory error 3 slot 0-9, detection time some 10PPS
later (max. 5)

Ephemeris time 5 slot 2, PT60s=0 same second
LR minute 60 slot 0 at PT60s=0 PT60s=20
frame
Ground station 17 slot 2 if ground station same second
position becomes visible; only

one position per second

Is stored
House keeping 92 slot 5, PT60s=59 PT60s=0

data

(or O if high CPU load)

AD 2001.04
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1011110001100 11GIOADONIDAATO00A0111§0001100110100111000111000 10000100801 10 AT IOE IO OE DOOCOO0a oo 1 1 §1000110111010

No Correlation with a Different PRIN Code

1000010090 110011 NDODNIDLINDA0LQ00Q1001012001110000110111010

Full Correlation {Code-Phase Lock) of Receiver and Satellite PRN Codes










Ramki danych PRARE

Name Length Generated at Stored at
PRARE time 4 slot 0-9, PT60s=40 same second
Dummy frame 0 slot 0-9 same second
Receiver data 13,25,37,49 slot 2, if data available same second
Ground station + 2 slot 2, if transition to LOCK same second
receiver number
Memory error 3 slot 0-9, detection time some 10PPS later
(max. 5)
Ephemeris time 5 slot 2, PT60s=0 same second
LR minute frame 60 slot O at PT60s=0
PT60s=20

Ground station position 17 slot 2 if ground station becomes same second

visible; only one position per second

Is stored
House keeping data 92 slot 5, PT60s=59 PT60s=0

(or O if high CPU load)

AD 2001.04
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PT not attached? PT attaching




Frame length
reading

PRARE time
frame

Ephemeris timg
frame

Memory error
frame

House keeping
frame

Low-rate
frames

Station & receive
nr frame

Receiver data
frame
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Dekodowanie danych systemowych (housekeeping)

Power : Usec | perm | oper S-TX X-TX
U Prim : 1130V  132.00V 114 mA ON ON

| Prim : 90.00A 133.00V 95 mA 108 ml[mA] 46 78
Temp PS: 138.0°C  131.00V 118 mA 155mAdBR] 71.00 93.00
Temp SW: 140.0°C 71.00V Temp  143.0°C 145.0°C

Receiver Channel: 1 Channel: 2 Channel: 3 Cha#dnel: VCOs [V] °C
LSPCsKSu LSPCsKSu LSPCsKSu LSPCskSu 1060 22.0

RX-STATUS ...0188 ...0188 ...0188 ...0188 2248: 0.00

| 5V/9V[mA] 156 124 153 122 154 118 1953 8489: 185.00

T CODE[°C] 147.0 144.0 146.0 @45. 9.99: 67.00128.0

T DLL [°C] 123.0 128.0 123.0 120.0 -Status-
Dopp. Freq 0.0 0.0 0 0. 0.0 LowRéke
Ust [Dopp] 182.00 192.00 189.00 185.00 Link OK
Code Freq 0.0000 0.0000  0.0000 0.0000 rai@pe|
Ust [Code] 160.00 150.00 159.00 150.00
AGC [V] 128.00 142.00 139.00 148.00 PCnt: O
Lock/Ampel Search 0 Search 0 Search 0 Search dt: 0.000s
Ref.Ra.[m] 0.00 0.00 0.00 0.00 CrcError: 0
Dist [m] 0.000 0.000 (0[(1)) 0.000 TimeOut: 0
Mean [m] 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 RXX:140.0°C
Nr: Updata 00 0: 0 00 0 0: 0 X-AGC: 150.00

16d 19h 23m 0.0s
Test Transponder: OFF 144.0°C 251.0mA USO: 134.0tC &t 53195.0"
ANNA commanding and status display 11/01/15 12/04/1993 3

69



Data from the reveiver 1, 3, and 4

1101.. [1-12bytes | 3-12 bhytes 4 - 12 bytes




Skala czasu PRARE i UTC

GF% anianna

FRARE 3/C GPS Sawmllliaa
Tima Slgnala DCF-1? Tima Tima Signala
from FTA $

1eopa Timelnterval GPS Time

! T2 i Counter B ecelver s;n,m,l

(SR G20) (a0 TTR &) anala

RE-Oscillator (+ Backup)
AehlwiDaasily. Orbly Prad. O
dth fleor DFD
2nd floor DFD
m G
Dava Evaluailan
I“%:‘HQE i and archlva ZUTC

Clock Model
PRARE Time vs. UTC

AD 2001.04
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Kalibracja systemu PRARE

PRARE Graum & I Laser Site

Dalmierz laserowy GFZ w Poczdamie

AD 2001.04 74



<@— Measured 2-way Signal Travel Time —— P  Sat. Time Scale
_
\\Instr. Internal Delay
Tsa =0 N Cable + Ant. Delay
X [~ Signal Prop. Delay
\ P— lonospheric Delay
X - Signal Prop. Delay
S Tropospheric Delay
TGround =0 Cable + Ant. Delay
X- I
S\De i / / - G/S Internal Delay
\ _
< Ground Time Scale
I Measured 1-way Signal
Travel Time <
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PRARE stacja master
w DLR Oberpfaffenhofen

Segment
PRARE
Anteny = Oprogramowanie
kontrolno sterujace

Oprogramowanie
Sluzba . Program Orbitalny
—>— dekodujace |——=——

czasu EPOS

|
|
|
‘ SM, SD
|
|
|
‘ przetwarzajace

D-PAF
Archiwum
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1.5 ... 3.2 cmX-band ranging, 1 measurement/s,
corrections due to measurement principle included)

0.05 ... 0.1 mnVs (X-band doppler, 30 s integration time,
corrections due to measurement principle included)

< 1 cm(X-band ranging, calibration data applied)
< 0.01 mmV/s (X-band doppler, calibration data appljed

residual ionospheric errol: cm
residual calibration error: 1.5 ... 2cm
residual tropospheric error: 2 ... 5.cm
residual phase and mass centre errorl cm
< 0.01 mnVsfor X-band doppler error




Struktura systemu PRARE

b.409 G5H=z

—Mission Flanning
— Clock Modelling
—Data Decoding
—Preprocessing

— Comparison of
Fa0D &
PRARE Range yelam PRARE Praduct
— Space Seqment V5. Laser Range
Space 5eg g — Predicted Orbit L e
nitoring Data - : — FRENP Range-
—Commanding — Prelimin. Qrbit Rate
— Data Dumping & - Precize Qrbit _ FR lan
Transfer o M3 — Station Activity GFZ Data Center
Announcemeant
- SetlpFile —Catalogue & Tekecommu nics- Calaba=a Mana-
Arch e fion Sy=tem TCE oam. Syslem DMS
— Diszemination
— Internet —Catalbgue &
(ftp Server) _ Telax TR
—Modam —Diszemination
- IS0ON iftp Seren
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Produkt PRARE

| Raw Data Dump I

Step 1: Decoding of Raw Data

Corrected Physlcal Data

v

(R

Decodingof Hange, Doppler, Low Hate, AGC, Temp. Data
Sortingof Measu rementsvs. onboard Timeand Stations

Step 3: Preprocessing of Data

Chranolaglcal Physical Data

v

¢ 000

Transformation ofonboard Timeto UTC
Detaction of Qutliers

Calculation of Different Corrections (Atmosphere, Center
of Mass, etc.)and AuxiliEry Informations (az, el, flags)

Calculation of SlantandYertical TEC

Step 2: Corrections due to Measurement Principle

0 O O 00

Divisionof Data into single Passes
Solving for Ambiguities in Hange Data, Correction of Dop-
pler Counter Ove rflow (20 s5ec Intendal)

Cakulation of lonospheric, Calibration, and Meteo Data
from Low Hate Up-Link Bytes

Cakulation of Range Corrections due fo Space Segment
Temp., Rec. Channel AGC, Code, and Carrier Doppler

Correction of Station Dependent Hange Bigs

Correction of Range Jumps due to Ground Station Trans-
mission Power Heduction

Full Rate Range, Dopplker,and lon Data

i

Step 4: Hormal Point Generatlon

Further Screening of Data (Criterid: Noise, Hesiduals, etc.)

Compressionof Full Hate Hange and Doppler Data to
15 sec Average Values

v

AD 2001.04

Normal Paint Range and Doppler Data
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PRARE lonospheric Data Record

Name

RECKEY 0
NSATEL 8
JAHR 15
ITAG 17
SEC 20
IT1 &2

IT2 &8

NUMSTA 34
ICAMP 39

IAVER 43

AZIM 44
ELEV 49
RANGE1 54
PRESS 66
TEMP 71
WETT 75
IONO 79

TECSLA 86

Offset Format Unit

Res. Description

A8 - -
17 - -
12 y 1
13 d 1 day of year
F12.7 sec 10"-7 second of day
- - epoch event
=1 : satellite emission time
= 2 : satellite receiving time
epoch time scale
=3: UTC(USNO)
=5: UTC(BIPM)

'PRAREION'
satellite ID (COSPAR)
year of century

=7 : UTC(approximated)
station ID (COSPAR)
14 campaign ID (instrument no. (12)

+0 ccupation no. (12))
11 flag for averaging interval
=0:4 sec average
=1:1 sec average
azimuth at ground stati on
elevation at ground sta tion
one-way travel time
air pressure at ground st
air temperature at groun
air humidity at ground statio n
X-band versus S-band travel ti
ay measurement (1-way space
to ground) derived from DRVID
E11.5 1/m"2 1 total electron content a
pat h

F5.2 degree 0.01
F5.2 degree 0.01
F12.0 psec 1
F5.1 hpa 0.1
F4.1 Kelvin 0.1
F4.1 % 0.1
17 psec 1
del

ation

long ray

d station

me




GFE Potslon /D-PAF

FRS-2 PRARE Tracking above 10 deg. (11/01/99 - 18/01/99)
'_] E:IJ 12I'n- 180

- o
120 180
B1-JA8-1990 prl U001

GFL Polsdan /D-PAF

FRS-2 PRARE Tracking above 10 deg. (07/02/00 - 14/02/00)
i 120 180

=120 ~G0 0

i)
-

= ..____H_EEE}EH

'F-ali..i"ai]i{a"” - - RS . Ao

"\.._q____,______,__,—':




PRARE dost gpno s¢ danych

a0 0 Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed s

© ©
O

©0O

o
®f

Y
Week nnyy

CJIOC,

Obasrvation (any PRARE ground station)

Data Dump at MSC Station Stuttgart and FTP-Transfer to Master Station Oberpfaffenhofen
Clock Model and Reference Orbit Caleulation

Product Generation (Decoding, Preprocessing, NP} and Guality Control

Weekly Report

Data Distribution via FTP-Server at GFZ / DC

O QOGO

PR ARE products of week nnyy are available on Wednesday of following week

AD 2001.04 82
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Dystrybucja danych pomiarowych

FTP Server GFZ Potadam /Data Center

fhome/pubkg/PRARE L..

D aia: L9y yMWEEK ! _revr.
User info: .../PRARE2_INFO/...

il

Uzer with individual account and pwd —‘
e [METEGR3: ER52) e product identifier:
e year [94:95:..] e ionospheric producl
e no. of week [1...53) e NP range produci
e revizion [D...9] e NP doppler product

e station hi/w number {1..29]

e daia are com pressed with UNIX com press comm and

83
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