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Summary

I. Title

A Study on Facilities and Operational Techniques of Low Earth Orbit
Satellite Groundstation.

II. Purpose and Significance of the Research

The domestic technology of space systems is far behind that of the advanced
industrial nations.

KOMPSAT (Korean Multi-Purpose Satellite) program is under development
with the first flight scheduled for the first half of 1999. The main operational
mission of KOMPSAT is to provide various applications in the field of earth
observation covering land, sea, and coastal zones, and also to provide mobile
communication experimentation. For KOMPSAT mission, it is planned to build
ground station performing control function of KOMSAT and function of
receiving and processing the data from KOMPSAT. We hope the ground station
would have function of receiving and processing SPOT, Landsat, ERS data, too.

The purpose of this research is to study on facilities and operational
techniques of low earth orbit satellite groundstation to provide the basis for the
design and manufacturing of earth observation satellite groundstations which

will be installed in- Korea in near future.

IM. Contents and Scope of the Research

An earth observation space system consists of satellite and ground segments.
The satellite, which is usually in a low orbit with a high inclination relative to

the plane of the equator, carries a payload of photographic or radio frequency



instruments and associated electronics for processing and transmitting the image
data to ground. The ground components consists of image reception &
processing groundstation and mission & control groundstation that receive the
image signals and control the satellite This research covers the study of
configuration, equipments and operational techniques for earth observation

satellite groundstation,

1. Survey of domestic and foreign groundstations
2. Study on mission and control groundstation
3. Study on image reception and processing groundstation

4. Feasibility study on KOMPSAT groundstation

IV. Result of the Research and Recommendations for the

Future Applications

The facilities and operational techniques of earth observation satellite
groundstations are surveyed and feasibility study on KOMPSAT groundstation
is performed, The result of this research will be useful for preparing earth

observation satellite groundstation.
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U 84 £8435¢ ATFaSAA

A 859 ATHEZAAML uZF9 Landsat-45 Z@2A¢9 SPOT-23, 489
ERS-1,2, 4&2] MOS-1,1b, JERS-1 5o| glow, ¥ 12019} Zo] &F o) #

z9140] e, £49 el

E 12 MAe X7&
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71et A
RADARSAT
A Operational 4 Under development [ Planned X Failure




(1) MOS-1/MOS-1b

1987'4 2¢€ % 1990'd 2¥e] HALE dE =z AFAZAHLE JIA Y 4
AA (MESSR), 7RI A 9l ¥AAl (VTIR) 2 wlolz2&s} WAAl (MSR) 9 Al 71
o] AME FAstn donw FA AA 16 XNF2A FAHL gl BS5H g
= Qule] 9@ ALS-ET Qlth. MESSRE 7HA Y, 239 Z 2 Wle, 2% 4 W=
2 HART EXolg4%, XA, AM4EY WA F9 NEE B2 VIRL
AN 1, Ay 3 NER AW £ HFELTY, Az, £AA Y T B2
. MSRE A E2RE WAlE e m3t AutE xarste ABAMZ vt U of
NF £5371%, %, s, 4 Tl B3 HEE FHAEI

E 1.3 MOS-1/1b Aol =2 &

Shape Box type with expanding type solar paddle (one wing)
Body 126 X 1.48 X 24 (m)
Solar paddle 2.0 X 5.28 (m)

Weight Approx. 740 kg (at life off)

Attitude Control | Three-axis stabilized (controlled bias momentum)
Mission Life 2 years

Reliability 0.5 (after 2 years in orbit)

Launch Vehicle | MOS-1: N-11 rocket, MOS-1b: H-1 rocket
Launch Site Tanegashima Space Center, Kagoshima

Launch Date MOS-1: 10:23 a.m. Feburary 19, 1987,
MOS-1b: early 1990
Type Sun Synchronous Subrecurrent
Altitude Approx. 909 km
Inclination Approx. 99 deg.

Orbit Period Approx. 103 min.
Recux.'rent 17 days (west-ward shift)
Period
Descending

Node Time 10:00 - 11:00 a.m.




HE 1.4 MOS-1/1b flAo| BRI MAMe| =2 Al

Multispectral Visible and Microwave
Measurement Electronic Self Thermal Infrared Scanning
Equipment Scanning Radiometer Radiometer
Radiometer (VTIR) (MSR)
(MESSR)
Measurement Air, Sea Clouds, Sea surface,
objectives Temperature of Water vapor,
ocean surface Snowfall
Scanning Electronic Mechanical Mechanical
method (using (CCD))
Wavelength, Two visible One visible band, | 23 GHz band,
Frequency bands, Three thermal 31 GHz band
Two near-Infrared | infrared bands
bands
Resolution Approx. 50 m Visible range: 23 GHz band,
‘ 900 km, Approx. 32 km,
Thermal infrared: | 31 GHz band:
2,700 km Approx. 23 km
Swath width Approx. 100 km
area (Approx. 200 km | Approx. 1,500 km | Approx. 320 km
when both
systems are
operated)

E 1.5 Data collection systemOf| CHEl EHAZEC

Function

Relay of data from data collection platform

Method

Random access phased demodulator

Operating frequency band

400 MHz band (uplink) and
1.7 GHz band (downlink)




H 16 MESSR AlA{e| mzjo|E

Items Values Remarks
Spectral region 051 - 059 pgm
061 - 069 p#m
072 - 080 g#m
080 - 1.10 #m
Swath width area 100 km When two systems are on
operation width is about
190 km due to its doubled
parts.
Ground resolution 50 m Instantaneous field of
view (IFOV)
Radiometric resolution 39 dB

Scanning system

Electronic scanning

Detector 2048elements CCD/band
Scan Period 76 ms * 1%
Quantization level 6 bits (64 level)

S/N 39 -15dB

Data rate 8.78 Mbits/sec

Transmission frequency
Transmitting power

8.150 GHz or 8.350 GHz
4 W

Direct transmission
To be transmitted along
with VTIR image data.

Band width 12MHz max. (per
wave) X 2

Manner of modulation MSK

Weight 70.0 kg

Power consumption 898 W




H 1.7 VTIR (Visible Thermal Infrared Radiometer)

Items

Values

Remarks

Spectral region

Swath width area
Ground resolution

Radiometric resolution

Visible band:

05 -07 gm

Thermal Infrared band:
6.0 - 70 um

105 - 115 #m

115 - 125 gm

About 1,500 km
Visible band: 900 m
Thermal Infrared band:
2,700 m

(Albedo = 80%)
Visible band: 55 dB
Thermal Infrared band:
05 K

Instantaneous field
of view (IFOV)

Scanning system

Mechanical scanning

Detector Visible band:
Si-Pin diode
Thermal Infrared band:
Hg Cd Te
Scan Period 1/7.3 sec £ 137 msec
Quantization level 8 bits (256 level)
S/N Visible band: > 55 dB
(Albedo = 80%)
NE4T Thermal Infrared band:
< 05 K (at 300 K)
Data rate 0.8 Mbits/sec

Transmission frequency
Transmitting power

8.150 GHz or 8.350 GHz
4 W

Direct transmission

To be transmitted along
with Multispectral

Electronic Self-Scanning
Radiometer image data.

Band width 12MHz max.(/wave) X 2
Manner of modulation MSK

Weight 30.2 kg

Power consumption 461 W




H 1.8 MSR (Microwave Scanning Radiometer)

Items Values Remarks
Frequency(GHz) A: 238 £ 02 GHz
B: 314 £ 0.25 GHz
Beam width A 1.89 0.19°

Integrating time(msec)

Observation width
Surface resolution

Radiometric resolution
(km) ‘

+
B: 1.31 £ 0.13°
10 msec, 47 msec

317 km
A: 32 km
B: 23 km
1K

A as well as B

Instantaneous field
:l of view (IFOV)

A as well as B

Scanning system

Antenna

Radiometer type
Dynamic range
Revolution Period
Quantization level
Receiving sensitivity

Mechanical scanning

. system

Offset cassegrain
Dicke

30 - 330 K

3.2 sec.

10 bits (1024 level)
< 1K (at 300 K)

Conical scanning

A as well as B

A as well as B

Data rate

2 kbits/sec

Transmission frequency | 2.220 GHz Including R&RR telemetry
Signals

Transmitting power 0.05 W

Band width 3 MHz

Manner of modulation PSK

Weight 54.0 kg

Power consumption 486 W
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I 1.9 MOS-1, 1b & Alg7tsst A=t
Band Circuit Frequency Manner of Required Data rate Power Other Points
Modulation Band width (W)
Real time : Real time telemetry
Satellite 136112 MHz PCM-PM 120 kHz 1,024 bps 1 or reproduced tele~
VHF — Ground Station Beacon 4 kHz Reproduction: metry signals
26,642 bps Beacon signals
Ground Station | 14897 MHz |PCM-FSK/AM-PM| 50 kHz 128 bps 4000  (Command signals
— Satellite
Ground Station 204425 MHz PCM-FSK/AM-PM 9 MHz 128 bps 10,000 Command signals or/|
— Satellite TONE/AM-PM and R&RR signals
Simultaneous
TONE/AM-PM - transmission :
S Satellite 2,220.0 MHz PCM-PM 3 MHz 1,024 bps 0.05 (i) R&RR signal
— Ground Station PCM-PSK-PM 26,642 bps (ii) Real time tele-
PCM-PSK-PM 2 kbps metry signal
(i) Reproduced
telemetry signal
(iv) MAR data
(i) MESS data(Para-
X Satellite 8,150 MHz or PCM-MSK 12 MHz X 2 8.78 Mbps 4 llel transmission)
— Ground Station 8,350 MHz (ii1) MESSR or VTIR
(iii) VTIR
UHF Ground Station 401.5 MHz PCM-PSK or 80 kHz 400 bps 4 Up link for DCST
— Satellite PCM-MSK
s Satellite 1,702.484 MHz | PCM-PSK-PM 15 MHz 400 bps 005 | Down link for DCST

— Ground Station
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Z 1.10 MOS Hio|Ete| x[z|Hez EFE Hax.

Sensor Accuracy
MESSR a) Without GCP level 2 : 150 pixels max., 7,500 m (rms) max.
b) With GCP level 3 : 1 pix]l max., 50 m (rmsrms) max. (Precision correction)
With GCP level 4 : 05 pixl max., 25 m (Registration correction)
VTIR a) Without GCP level 2 : 7 pixels max., {1 pixel is equal to 900 m)
MSR a) Without GCP level 2 @ 2 pixels max., (1 pixel is equal to 1 cell), 1 cell : 30 km(23 GHz),

20 km (31 GHz)




(2) JERS-1

1992'd 29l WAL Q] A WA (TSR, B ol Ao
MaE 1459 FA/MTFH T (SAR)E BAST Aol AT A AAFAL
& FEAHLEZ FZERAL FHAY, [AEA, WA, ddHA T #5E +YE
Exog 3 AF#EFHAolth. FAMTFH Itk (SAR)E, L MEY rlolazng
ZAL (BHe o WAl E E2FstY A EH FAolu U8B, FA & B33
T %Y AJAME ofztoly A A E FFIbsEth N EE5S 18m ©f
B ANE AAZHY BAA (VNIR)S @33 9] WA (SWIR)2 TAH
AZAo2HE S B HAEE TN YA gg HqYg7tR] 7 HER Uy

B5¥UT. VNRRAA = ZHAHS | HE7E A4 30T 163 dAWe
#&sla, A4 7-‘46}’@9- #Es Qe AU 2¥E9 Al BFo] JheIE
2 AP #FZo) fEST}. SWIRME Landsat TMoA 12 &&4dc] 439 &y
g T MESE 4 MEE AT gl GAoly FE T Add H¥L
4. 18m o A £HFY L= AU 4 5 Uk

rLi.EL-Yl

E 1.11 JERS-19] 2 E4

Shape Structure box type Approx. 1m X 18 m X 31 m
Synthetic aperture radar Approx. 12 m X 25 m
Solar cell paddle Approx. 8 m X 34 m
Weight Approx. 14 t
Attitude Control Three-axis stabilized (zero momentum)
Design Life 2 years
Reliability 05 (after 2 years in orbit)
Launch Vehicle H-1 (2-stage)
Launch Site Tanegashima Space Center, Kagoshima
Launch Date Winter, 1992
Type Sun Synchronous Subrecurrent orbit
Altitude Approx. 570 km
Inclination Approx. 98 deg.
Orbit RPerxod t Approx. 96 min,
ecm"ren 44 days
Period
Local time at Descending node AM. 10:30 - 11:00




F 1.12 Mission subsystem®| F2 At

Synthetic Aperture Swath width 75 km
Radar (SAR) Resolution 18m X 18 m
Off nadir angle Kish
observation frequency 1,275 MHz
Optical Sensors Swath width 75 km
(OPS) Resolution 18m X 24 m
Number of observation Visible near infrared band 3
band Shortwave infrared band 4
Stereoscopic band 1
Mission Data Carrier frequency 8 GHz band
Transmitter Modulation method OPSK
(MDT) Electric power amplifier TWT

Antenna type

Mirror-surface corrected-
shape beam antenna

Mission Data

Data recording rate

30 Mbps X 2 ch.

Recorder Recording time 20 minutes
{MDR) Operating time 2,000 hours(maximum)
F 1.13 SAR (Synthetic Aperture Radar)
Items Values Remarks
Frequency Central frequency:
1.275 MHz
Spectral band width:
15 MHz
Polarization H-H Transmission & reception of
horizontal polarization
Off-nadir angle 35 degree nominal value
Scanning width 75 km
Ground resolution 18m X 18 m Vacliu}e: centered on swath
widt]
Transmitting power 400 - 1,500 W 3 multi-looks
Pulse width 35+ 05 us
35 - 00 u#s
Pulse repetition frequency 1,505.8 Hz
(PRF) 1,530.1 Hz
1,581.1 Hz
1,606.0 Hz
Antenna gain 33.5 dB min. Value centered on antenna
Noise equivalent -20.5 dB min. beam
Scanning coefficient .
S/A 14 dB min.
Data rate 60 Mbps 30 Mbps X 2 ch,

Transmission frequencies
Transmitting power
Band width of proprietary

8.150 GHz or 8.350 GHz

20 W
50 MHz/wavelength

X band

frequency

Modulation Quadrature phase shift
keying

Weight 232 kg

Power consumption 5004 W




H 1.14 OPS (Optical Sensor)

Items Values Remarks
Spectral band Visible Near Infrared -
Radiometer bhand 3 bands

Swath width

Ground resolution

(VNIR):
052 - 060 #m
063 - 069 #gm
0.76 -~ 0.86 um
078 - 0.86 #m

Short Wavelength
Infrared Radiometer band
(SWIR):

160 - 1.71 pm

201 ~ 112 ym

213 - 225 ym

227 - 240 pm
75 km

183 m X 242 m

+ Stereoscopic band

Four bands

78km is in case of a stereo
-scopic band 19.0mX25.1m
in case of a stereoscopic
band

Scanning system
Detector

Electric scanning

4,096 pixels Si CCD/band
4,096 pixels Pt Si
shortkey CCD

VNIR
SWIR

Image pick-up period | 3.46 msec

Digitation 6 bits

S/N 36 - 10 dB

Power data rate 60 Mbps 30 Mbps X 2 ch,

Transmitting 8.150 GHz or 8350 GHz

frequencies

Transmitting power 20 W

Proprietary band 50 MHz/wave

width

Modulation Quadrature phase shift
keying

Weight 175 kg

Power consumption 3091 W




® 1.15 JERS-1 H|O|El] X[g|He2 HXE XHET

Sensor Accuracy
a) Without GCP:
OPS System calibration (level 2) : 2,000 m + e« (rms) max.
b) With GCP:
Precision correction (level 3) : 18 m (rms) max.
Registration correction (level 4) : 9 m (rms) max.
a) : £ 1,000 m (rms) max.
SAR * Orbit adjustment and attitude accuracy system will guide
satellites in case orbiting without GCP.

HAH A=A A4 FA87) Aste] oM AFH FURAE DIHE
g5zae e 2o

54

Rolling Pitching Yawing
Inclination stability 0.3°
Attitude stability 0.003° /sec
Attitude setting 0.11 0.16 0.12
accuracy




(3) Landsat 5&

n]3 NASAZF /Hdd Landsatd A 85 537|7kA] Alglz2 2079
+9 43& 72 glen, 2 #F doleks MA 17 AZFAA FAl= de
o] &EHI Ut 55 7]€ 1984'd 3 WALE Sl olm 10 o4& ¥ PFolth 1993
9 9% 657]7F dAEHGIL Y, A2 Sl dsfEte 559 ¥ ALt
o 48 AF@SAEHANME 19799 149 2571538 FAL AR ol 168 F
A4 A=z dHoletE A 1tk Landsat 53 E TM (Thematic Mapper)
9} MSS (Multi Spectral Scanner)& A&t Utk TM2 7IAI QoA AL Y7t
A7 MER Yo BF 7t dilE niEFe] FE AME AA A d
g o]&=Hi Utk MSS & ZFY9oA ZHAYG7A 4 BFUYE Uy @S
B AME 8749 Ad Wty 9ot Fell ol &z o

H 1.16 Landsat 4, 5 2| 22|58 EA

Weight 2,000 kg (4,400 lbs)

Length 4 meters (14 ft)

Width 2 meters (7 ft)
High gain antenna ‘

Diameter 1.8 m (6 ft)

Mast height 37 m (125 ft)
Solar array

Area 136 m” (1474 ft%

Power 2 kW

Source : Material distributed at Landsat-4 SYMPOSIUM, Tokyo, Japan - Nov.1982.

A49 A= g AAA e FF AR E 1174 QA vl 2o
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Orbit Circular, sunsynchronous
Altitude 705.3 km (Nominal)
Inclination 98.2 degrees

Repeat cycle 16 days

Orbits per cycle 233

Ground trace spacing at Equator 172.0 km

Sidelap at Equator 7.6 percent

Descending node time Oh30m to 10h00m (Local time)
Nodal period 08.88 minutes

Pointing accuracy 0.01 degree (1-sigma)

Source : GSFC “Landsat to Ground Station Interface Description (Rev.8)”, June 1984,

E 1.18 MA{el 22| 54 (Landsat-4, 5)

Items Values Remarks
Detectors 24 100
Operating power ™ W 300 W
Weight 65 kg 243 kg
Length 8 cm 203 kg
Width 41 cm 60 cm
Height 59 cm 100 cm
Scan mirror (Diameter) 33 cm 53 cm

Source . Material distributed at Landsat-4 SYMPOSIUM Tokyo, Japan - Nov. 1982

E 1.19 MSS MAe| miztole{ (Landsat-4/5)

Items

Values

Remarks

Width of observed area
Ground resolution
Wave length

Number of spectra
Detector

Spectral region
Band 1
Band 2
Band 3
Band 4

Scan frequency

185 km

8 m

05 ¢gm, 1.1 #m

4

Photo multiplier (1)
Silicon photodiode (2)

05-06 ¢m
06 - 0.7 ym
07 -08 #gm
08 -11 ¢#m

1362 Hz * 0.01 %

(1) Band 1, 2 and 3
(2) Band 4

Solar-reflected:

Band 1 and 2 are visual
spectra.

Band 3 and 4 are vary
near IR.

Source: GSFC “Landsat to Ground Station Interface Description (Rev. 8)”, June 1984,




# 120 T™M MAe| mztole| (Landsat-4, 5)

Items Values Remarks
Width of observed area | 185 km
Ground resolution 0 m
Wave length 045 ym - 235 gm
Number of spectra 7
Detector, 2) Silicon detectors
(Band 1, 2, 3, 4)
Cooled detectors
(Band 5, 6, 7)
Silicon photodiode (2)
Spectral range (Principle application)
Band 1 045 - 052 ¢#m - Coastal water mapping
- Soil/vegetation differen—
tiation
- Deciduous/coniferous
differentiation
Band 2 052 ~ 060 #m - Green reflectance by
healthy vegetation
~ Chlorophy] absorption
Band 3 063 - 069 p¢m l: for plant species dif-
ferentiation
Band 4 076 - 090 ym E - Biomass surveys
~ Water body Delineation
Band 5 155 - 175 ¢um - Vegetation moisture
measurement
- Plant heat stress
Band 6 104 - 125 ¢m measurement
- Other thermal mapping
Band 7 208 - 235 ym - Hydrothermal mapping
Scan frequency 13.99 Hz Nominal
Scan period 71.462 ms Nominal

Source: 1) GSFC “Landsat to Ground Station Interface Description (Rev. 8)”, June

1984.

2) Landsat 4 Data Users Handbook, 1984
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Frequency Band Data/ Frequency Power Band Modulation Data Rate Remarks
Signals Width
S MSS 22655 MHz 10 W 20 MHz PCM-PM 15.06 Mbps L — GND
X MSS Mode 1 : UQPSK 15.06 Mbps L — GND
8215 Hz H“w 170 MHz  |(Ich'PN/Qch:MSS) 84.9 Mbps L — GND
Wide ™ Mode 2 : BPSK
Band A:T™M/Q: ™)
MOde 3 : UQPSK
(LT™M / Q:MSS)
Ku MSS 15 GHz 2 W 15.06 Mbps L —» TDRS
™ 84.9 Mbps L — TDRS
TDRS
Tracking 13.75 GHz
Signal
S(omni) 2,000 bps (GND) GND, TDRS— L
Command 1,000 bps (TDRS)
125 bps (TDRS)
Narrow 'L — GND, TDRS
Band Telemetry | 2,287.5 MHz 5W 3 MHz PCM-PSK-PM 8 kbps Subcarrier :
1.024 MHz
S(High 2,000 bps (GND) GND, TDRS — L
gain) | Command 1,000 bps (TDRS)
135 bps (TDRS)
L — GND, TDRS
Telemetry | 2,2875 MHz 5W 3 MHz PCM-PSK-PM 8 kbps Subcarrier
1.024 MHz
GPS L 1575.42 MHz NDS L
1,226.6 MHz
L : LANDSAT, GND Ground , NDS Navigation Data Satellite




(4) SPOT 2, 3%

zFA FYPLFATLE (CNESPF dsld 137+ 1986d 249, 237]e

1990'd 2€¥ll, 35 7]= 1993 9¥ol BAES AlA 13 oA FAHT o
H 122 SPOT o £2 &4

Recurrent period
Revolutions per day
Descending node- time

Retention of ground orbit
Attitude control system
Payload instruments
(Sensors)

rrent orbit

26 days

14 + 5/ 26 days

10h30m % 15 minutes
108.6 km

+ 5 km max.

Three-axis control system
HRV 2 sets

Items Values Remarks
Altitude 822.145 km Over equator
101.4 minutes
Inclination 98.723 degrees
Orbit Sun synchronous subcu-

369 revolutions

Over equator

Over equator

Controllable within = 0.15
High resolution visible

On board with band tape Recording time : 2 sets
recorder 60 min.
Communication link 2,205.93 MHz Telemetry
8,253 MHz Image data + Telemetry
Weight 1,750 kg

I 1.283 HRV (High Resolution Visible)

Angle of sight
Swath width

413°
60 km (directed right
beneath)

Items Values Remarks
Wavelength band 050 - 059 g#m Visible band (Green -
061 - 068 x#m Yellow)
0.79 - 089 um Visible band (Orange -
051 - 073 um Red)

Near infrared band
Panchromatic mode

Resolution 20 m Swath width by 2 HRV sets,
10 m 117 km
Visible panchromatic mode
Type of sensor Push broom scanner
20 m line scan time - 3 msec
Encoding(Coding) 8 bit Multi-spectral mode
8 hit Panchromatic mode
Diameter of Light col- 330 mm
lecting lense
Angle of mirror + 27 Every 0.6°
Time of mirror angle Within 15 sec. Off-nadir angle 0° —
adjustment 27°
Data transmitting rate 24.6862 Mbps X 2
Transmitting frequency 8,253 MHz Differential QPSK
band
Transmitting power 20 W




(5) ERS-1

19913 74, ESA(European Space Agency)= EAIAAIE 9s8ld #3 Az
AAYAIHERS-DE SAYT. ERS-1S TET UBEAC] BAYS] 24
JHAEE BSEY] A5l ANY 2AEW J|E6E AV 28T SEEL
197899] Seasat missiond $F FEH] T VR AYolw ASHAG. B
& A28 914 AAWT muaRw, ERS-1S wThe AE, g E@elAe w
2 okl &8 TaT wioieh Age FuEe ohld RE 71%d] B gor
e % 8 G4 S Tl T3 BaAuHE PIGE WA U
o] AHEe E WY AH ALUET $4Y AYED Hoke FHLEE 2
Bk o] 4L o8 A4, AIE MEY 4 Ye NI we ot 2R
o gRgs e W A9oznE £1Y Aol

H 124 SAR & F2 7|23 E4M (Image mode)

Items Values Remarks
Frequency 5.3 GHz C band
Spectral band width 15.55 MHz
Polarization V-V
Incidence angle 23° at Swath
Scanning width 99 km
Spatial resolution 30m X 30m
Radiometric resolution 25 dB at - 18 dB
Data rate < 105 Mbps




H 125 ERS-1 & F2 &

Ad
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Items Values Remarks
Altitude 777 km Nominally
Period 100.465 minutes
Inclination of orbit 98.52°
Orbit Sun synchronous Orbit :
subcurrent For ice observation
Recurrent period 3 days For AMI image mode
35 days For ocean observation
176 days 3 days recurrence

Revolution per day

Descending node time
Retention of ground
Orhit

Attitude control
Mission Instruments
(Sensors)

Communication link

14 + 1/3 revolution
14 + 11/35 revolution
14 + 57/176 revolution
10:30 = 1 minute
80.0 km

+ 5 km max.
Three-axis control
system

AMI(Active Microwave
Instrument)

R.A(Radar Altimeter)
ATSR/M (Along~Track
Scanning Radiometry/
Microwave Sounder)
PRARE (Precise Range
and Range Rate Equipment)
LRR(Laser Retroreflector)

2 GHz band:

HK data

Image data, telemetry
data

In case of 35 days
recurrence :

Controllable within
+0.15°
SAR
Image mode
Wave mode
Scatterometer :
Wind mode

Consisted of ATSR and
Microwave Sounder.

Launch vehicle
Launch date

Satellite weight
Operational life

Ariane 4 rocket
July 17, 1991
About 24 t

2 - 3 years

HF 126 Wind Scatterometer & £ 7[5 £4
Items Values Remarks
Frequency 53 GHz C band
Polarization V-v
Incidence angle 25° - 59° Fore/arf beams
18° - 47 mid beam
Swath width 500 km
Spatial resolution 50 km
Grid intervals 25 km
Wind direction 0-360" £ 20
area/accuracy
Wind velocity 4-24m/s/ 2 m'sor
area/accuracy 10 %




H 1.27 RA (Radar Altimeter)
Items Values Remarks
Frequency 13.8 GHz (Ku-band)
Band width
- Ocean surface mode 330 MHz
~ Ice mode 82,5 MHz
Beamn width 1.3

Altitude area/accuracy
Wave area/accuracy

Back scattering coefficient
Radiometric resolution

745 - 825 km / 10 cm
1-20m/05mor
10 %

0.7 dB rms

E 128 ATSR/M (Along-Track Scanning Radiometer/Microwave Sounder)

Items Values Remarks
ATSR :
Swath width 500 km
Wave length 16, 37, 11 and 12 #m
Spatial resolution 1km X 1 km
Radiometric resolution 01 K

Accuracy

Microwave Sounder :
Channel
Instantaneous field of
view

Accuracy

50 km square with 80 %
cloud cover

23.8 GHz and 365 GHz
20 km

2 cm
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(3) Fa 74 A

- PC (Personal Computer)

- WA EANXNT 7] (Terminal Node Controller)

+ 24 (modem)

- 444l7] (transceiver)

- ¢l (Cross Yagi, Helical)

+ 5%7] (HPA)

+ ¥y A¥7] (Polarizer)
- QI % AR (rotator & controller)
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(1) PC LAN
- AT PCEE V243l Local Area Network

(2) PC/NOS (MIEfZ &FAIA])
- ATE FAEE AFEES dFSA =29 F4, AL FH Ve A
e, A7 £2ZES 0 V& Ert H

(3) A= Aol £ZES 0

. A= Ao AR] (groundstation controller)e] AolE BZF3Fch HE H&E ¥
EE %3} RF uplink/downlink®] A€, tAg dole} Aze Az} &
A4l AE AA (configuration)& FgHrt,

(4) 33 2z EH]

- AE84 H °].E]- (Keplerian orbit elements)ol] 71Z3ld $14do] AU7le 7
2E B 87 AA47A AR

- eV A& A

- 7Y F44 F34 Aol (Doppler Shift)

« AR Aol AR B k= AF

(5) HA B4 AT E o]

- BA, &4, #4731, AR 2239, §



(6) ¥FHSFH LT ES ]
© NA FAEE telemetry HoEIE AA ez Azlsl 3w EAST
Zdo AR ($-8¥-1,25, UoSAT-5)

(7) A58 AF 2ZE 9
- AN A FAIE raw dlolele] EA 2 FriAz FRo9 M

(8) B% AT ES o

- AHE FA s B $4 AZEH O (FEAY HH HA)
© A4 AAA o

© A BAA &8 AFAREY, 2T B, A 23)
© A4 ¥@A AZE uploading (FAFH, @A HEE)



A 24 89 A5 A4
1 4R 35 #A A=d

A AA AFR7F HAL FHEE AFEFo| (A 3 A AAYE 4L
FHEE 4RI AREH AZE &3, BT, FAAE FPsto A4S A
FHeE T + UEE 3.

NASDA %7 #4 A29e NASDAY RE 946 tg 33 2 Aojyrs
F3te ISASelA AL 94¢ Ad¥h. EH NASA, CNES, ESASY &9
7187 43 ¥R wel Y A 34 2 FAYGFR ¢ AYE ATz
Aok 19867} 1990'de] WALE Ao SPOTHAN Wit 3L Qe A
g 2492 & % gio.

NASDA® 29 29¢ Zo] dE F¢ % GEAG FHAY} FA AdGL
Zk&3 gtk =Pul LR A FHBAAHE F402 nlarr) Jizee @ o
7heke] F3 A dlole} $£4l4 (Tracking and Data Acquisition Stations)d] g2

Zol 2 FAEE olFx gith

7 mFe 748 24 2 #A A
UE NASDAY 27 oA Axde G4Rz 949 BA 2 £9o) P4
BEAE TFL YA Yk

(1 A4 3

Y& 7 Qe A= F3 o Holg FaidA S P4 dHolgE A
o el FFAN HFEZ A, £Asd H49 dAAA=E AAsn 5%
o



Tanegashima !
Space Center | r ''''''''''''''' =
N e I — -
‘ | Kimitsu Satellite
Masuda TDA e Katswura TDA | 1+ | Control Center,
Station Tracking and Sation | . T sy
Control Center |
at Tsukuba .
Osaki Range Space Center - l Kiruna TDA
“ ?Control Center Okmaw‘a TDA L. Station
. (RCC) i Station (Sweeden)
|
| te T
. | !
W N I (_AV__\
Osagawara ﬁeteorological . Earth
Downrange Satellite Center | | NASA JPL Observation
Station IMA ' \ ) Center
|
Christmas (" Kashira ' Kagoshima
. Downrange Branch NASADSN | | Space Center
1 Station \_ CRL \ ) ISAS
CNES Sagamihara
Ground ISAS
Station
Chile Univ.
Santiago ESA/ESTEC
Station
Tracking and Exclusive line

)

Control Network

Related Facilities

Temporary line

1B 29 gEe| =N MY



(2) 14 #A

4453 FALAAN 49 4454 olElE A4 Wol AEY FAFHE A
gt 94 9 FHE AAT A Holgt EAE A AE=ERY 4 R
1€ BRI AHe =3 A Ax 2 AAAE A% Ao ¢ FH AY
< 293,

(3) ¥&9

NASDAS 23 % dlolel 44 B BAZRES BESIY 3 #A YFE
3%

(4) @7+ Mg

L AR 334

A4e AT WAL HFHos LALE Y ThZA L $FAE Y F3 He
2 gojud erskE 9 malAgkA Mol Qe NASDAAMS WAy A% F
A4 (downrange station)ol A WARA 9] ¥ BAF L T FFE FH .

(1) 27MAtebe} FH 4

NASDAS o7 gtel A 4E B4 9% ¢ 1000km XAl ART 27FAks}
gl doll Y25z Jom 197587 FHa Qi F2 dARAS AF L ZAE)
T 9L 30 4% dHoltk Ao 933 diolgr £AEX § 947 ¥H
£4 A8 B43T Uk £3 NASDAY thi7bA el $-FAE S LAY HH =
o 2RE HYgAEYd BF A& £

(2) 2 Lzut2: 4 FH A
Bl 2o YAF Z@)AntAM(Kiribati F3F)d Je °] FHP4L = 19974



o ¥R FAAEANY TAL, TAA HAAE F, A F A ERE
o) 4354 volel #41, A49 DA £8] #Y FY 7S Y8

(3) vk&rk 34 F dlo|g} 42414 (Tracking and Data Acquisition Station)

NASDAS wH7}Alnt $2AHS FAEERE 18km 5% A o) F3&
= 94 #3 2 Hoje £ ollz} :=Ful $FHEHS FHAANEE B d
Wy Z2aYPE FHEe YFF ST NASDA AEV) 3 o] HHe] £
MEXE npav) 2FAR BUYojA HANRZ BUlA "o

(4) 7}2$-8 33 5 Holg £da

YE HAWxe g A3 o] AJAL 1968 Ao AAe 41 B
A d4FE stz EFEH 3 FA (Dopler and Range-and-range rate
tracking) ¥ |FF3uolel FAFA, FRFAZAE A5 Yt

®) L7t 23 3 Hoje} £a4
NASDA®] 4 8 ulolg £41 Zo] AP ol 23 3 Holgt &
ALt 1960d0] £9¢ ARReH GA4E 24 2 $4 Fug B4s ok

o, th7hA e S

NASDA® Ht} BYAMZ F4 @& 115km AW thl7HAst Ao A=lskz
glom 8505 FAEE Y Aol WA, ALETE, WAL ¥ 27 Aol FAY
e £UUT. o NHe 4% WANE AT AN 2Ha0 UR wAAE
A A7 2A4, vhatt 24 8 Holr Filg, k7] delthE, $27105t 9
ok, oA B TAGE 2A A AW WA NAE THAT U

(1) A7 FH4&
7h H-1 25 &AL A4



198658 H-T1 23] EAle ol g o, 1718 EA, 2709 BEAA, °
¥ B9, dRARL, $AAL o2 o|FoA QlH.

) QA7 3 Alo] AH

o] AL Tul7tA ekt AR FH 49 WAMA FAYE A AAFFF JEE
#9389 range control, A4 <A, AFE, B, B AR, &Y AN 5&
ol-§ LA & o|Fo A FH7A EE Ho] thy 29 HEY JERE AT
=3
) A7 EE ¢ (Block House)
SAIH 2 RE 120m EoF FEe $RI% o] LA E Wyl dAYojEe] Eo
7 AT A A A, AFAHY FHE WHTh A4S WAL Ao A3}
o 935 de FAHHEYG

et

) 1% @ 2% A 2UE

0o Wgoz AW o A4 HI 27 AH <us A2 39 5
= 19 2 2utel 3% FAol £AHE Eol, WAAY Aoz, §E 2 E
GAFAY HF 24 L AYE o R o] Rk

ol) 39 R 4N ZYS
35 24 2E 9 A9 =Y, WAd Ay A Fy 2 23 FP

Hh) HA AR dX FH wA AY A
H-T1 LA o] 189 AMSEHE JAAR AW By AL A RS FY930.

AD 1A 98 2E AI¥E
B23AAA] (strap-on booster), 37 23 RE o ZFFAGFR (Pyrotechnic

equipment)®] AlY, AF 2 2L F£Y3}



oh) HA NYE
3¢ RAAE 27 93F 92 fo)E © 94 EaRe 29 1 248 59
g,

) oA Alg Ay

WAL B v B Fe HAAEE FAS7] 95t HEEE X-4 (betatron
X-ray) A2 3¢ A 233 ¢4 913 R2E (apogee motor)®} AAME F
Rki=s

) A4 A 3 2YE

A4AE TAA ] A B 2EY FEEANA FF JlF, AFHAE 7Y
e oz WA gAY Fex A4L FANM] AT 74 A& ZF2 8
o

7h 2y F34
WAL E O HARNE AT s o] AFE A FEHAHEZ BT
4% 9 A% &A7] (cinetheodalite system)E EH-{3t2 Ut

El) Untxotnl 4A4SA T (Telemetry Station)

Ab F owhAAlY mix B TSR, 4, 2= F9 943% HoRE 74
sl FAAE A o} 8 A7 FHAAE S Bulo] HsighE Hrto] ALRSIESE F
}.

(2) SA =T EAR

NASDAS] H-TI ¥Abgez 1002d $3Eom dAA Add Fad @A
A%F 2 7k APA4EE BR3tT ok F HERE TAAY A, =1, e



A% TAR 2YF, AR olF B BAE A olF A, DA A AF A
Ao 489 AF TF g AY N4E FAH"E Aul= g, A AL 2Asn
FEE s $A AOECl U

71 A8 LE-7 dAd A 2l Alg A4
H-0 ZAL A ] 1gk 25 <120 LE-79 AlgE S, d& Hde AN
A Ay ANAE LR AAe 2 Ao 320279 gAY Agol sttt

(3) AT FH &

1969358 19904717 NASDAS LS-C, JCR, TT-500, TR-I % 7]el 4% 4
¥ 2 HAFL R ol&FHUon dAE Wy TR-IAE A8 TAFLZ ]
29t} H-T SRB A& WAL A8 4T 23 AAF g PAL Aozt s



2. 48 AF@ESA4H

Y& AFBSFAE = B9 HYFZAN 13(MOS-1)8 v @29
A Landsat ¥ Z#29] T@HZ94 SPOT ¢ ATHEE HlojelE $ASE A4
ol 4 AE ARE FHY, EXCE, £A44, A, o, BARA = 3
HAE Eoldl Fa3 A2 48T Yo gF T2 BAET sS4
(ADEOS)Z @ulZ$#Z94 (TRMM) 59 94 ASE 943 AHT 2630
Atk F41 A|2"L2 Landsat/SPOTSIA 441 Al4d3 MOS/ERS/JERS 914 441
AdR 3A rolAn FAld 4o slssith. Mo zREe AZ Holets
o] Al&Hle] o3 FAH Zzte] MAER HDDTO 71859 Quick Looke
 EXZT dolgl Fdol U3 FAH37 g4 EFEo 8o Iy N7 A
£¥& Landsat/SPOT, MOS & ERS/JERS M ¥Eo2 1}rojach 2 AMzx
Hel #&ulolele HDDTERH A= ztzte) MM gaa I mah 37 5ol
AN AFHIZ (CCT) BEE F Y22 (OD)o] AZEL £8 AFD Ha), dAF 2
%7t B, FE: Al2de] dalse] itk 2% 2102 JERS-1 € ERS-1 44129
TAS Ve 29 2118 dE ATFSHEY AJAHL HAZT}

7h AT A2Y Fa A9

(1) Landsat / SPOT € <¢telu}

A7 10m, 7FA2H L He), X-Y mount (Y over X, X-axis east and west)
reflection tolerance : 0.5 mm (rms)

FA 4= HY : X-&F X 90°, Y-& * &°

AR X-5E T4 AR (F7 139° 217 4788 , 4] 36° 0° 1.089” )

(2) MOS/ERS/JERS & <¢FE|U}
27 10m, 7HM 28 He), X-Y mount (Y over X, X-axis east and west)
reflection tolerance : 0.5 mm (rms)

TR 4% 49 X-& 90°, Y-& * &°



AR X-&& FA 94X (F73 139° 217 71397, &9 36° 0° 2.279” )

(3) gEHY 4 A 2¥

single horn, mono-pulse type using multimode detector

4) F34 ¥l
2,200 - 2,300 MHz (S-th <)
8,025 - 8,400 MHz (X-ti¥)

(5) °I% (Gain)
44.4 dB °]4 (2,250 MHzo A 35 &4 %£3)
55.0 dB o] (82125 MHzollA F4X &4 X3

(6) Side-lobe level G(8) :
G@) = 32-251og 108, dBi (3° <8 < 48 )
Where -10dBi
8 : Angle from the main beam direction (~14dB for the first side-lobe
relative to the main beam)

(7) Polarization :
RHC. and LH.C. (%129 23] A&, Axial ratio : 1.5 dB ©]3})

(8) VSWR (for sum signal) :
15 °]8} (S, X-tlyg =5 LNA ¥

(9) Total noise
120 K (S-dl9), 200 K (X-t49) : g2 @, A 4 5°

(10) 47 IF Y=

30 MHz + 1 MHz (RBW and MSS)
5 MHz = 1 MHz (USB telemetry)
155 MHz °]4 (TM)

— 65 —
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SPOT, Landsat 41
eV 24 (10m)

I8 211 Y RPAEME
F2 A4
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U F8 A4

(1) MISSION 2&-#a4
A7 2 Ade A2 $AFLZRH AE AT 47E Lol 235, BE @
AR £4AGE B,

(2) 4 718 A 29

ATHE Y4oaRd A$d A¥E 37 1md g FHvdz £,
AN 2 3dE YA" He|Z(HDDDY 7|&%th. = QUICK LOOK A&
AHESt SAA Fez mUE R

(3) ot M2 AlxH

FAE 3 doleke 9 A 4 I3 4, d¥E FEE gL 3l
o ol& AFEE ol &3t ulEA R BPe] Fd 4 dHolehe AFH
ol &8 &4 7tEd Ho|Z(CCTE 7158 ¥9, Helxd 7&7gn gys
AAR A A= 7153

(4) AR Az =9
dolA W 718712 7158 WES WA olg £ o BE, A §
SR A FAu

(5) 7t A9
dolet Mg Al=d % AR A Axdeld AP wolg gol LFU
& Sol JEAE AT 2% 2R FUSE Wi,

6) BE H4 A2
dlolele] 7|&¥ HDDT, CCT 2 AR @< gadl o o 4¥ 4 Y=
HESA, o] gAZRH oo gt AFE A3 ARE HA3c)

(7) wlolete] AT
AFaSAHNA $4 AP BF do)eHCCT, ARDE WX 718¢ 3 d
g dutdl A A F g



3. tiwte] FA=

gty AL FPFIU ¢ 2 YFLAIAE (Center for Space and
Remote Sensing Research)sl 19933 Ax ¢} SPOT-2,3, Landsat-5, ERS-1 9143
& A8 e FF Radarsat, IRSI-C 59 94 AEE F4AE dAHLE 9]
o F8 VITeRE oJ4AREEH 4FAFA A5 83L& o} Holel YEAHS
4¢3t SPOT, Landsat ¥ ERS 142 2HH ey za AIE F48d o&
HDDTel 7|&%tt +A¥ ARE AHEAZE AFse 22 AP F 0Id
A g B3 ol &l A HE3T,

7b S F8 AY

¥ 25F FAF Faguld Ade vetdd,

E 25 A= Zd| M@

X-Band Tracking System

Type Corrugated horn with polarizer and mode coupler

Frequency Range 8025-8400 MHz

Polarization RHCP/LHCP selectable

System G/T > +34 dB/°K min at 5° elevation above local horizon
S-Band Tracking System (optional)

Type 5 element SCM autotrack

Frequency Range 2200~-2300 MHz

Polarization Selectable RHCP, LHCP

System G/T > +230 dB/°K min at 5° elevation above local horizon




bl

SAZ =] MY GIS)

r
0

Reflector/Subreflector
Main Reflector Type Parabola (solid surface)
Main Reflector Diameter 13 Meters
Main Reflector Surface 0.03 inch rms
Tolerance
Main Reflector Focal Length 4 Meters
Subreflector Type Hyperholic Surface
Subreflector Diameter 1.45 Meters

Operating Modes

MANUAL (Rate control in each axis)

LOCAL DESIGNATE (Thumb wheel numeric switches in each axis)
PROGRAM TRACK (Computer Control), IEEE-488 and RS-232
SEARCH

AUTO

ACQUISITION

AUTOTRACK

ZENITH PASS TILT

STANDBY

STOW

Environment Conditions

Outdoor Equipment : The
System will be capable of
with standing the following
environment without any
degradation of performance

Operating Conditions Antenna
Ambient Temperature -30TC to +40C
Relative Humidity 100%

Winds Gusts to 75 Km/Hr

Drive to stow at 120 Km/Hr
Max operation wind at 110 Km/Hr




SN2 B MY L)

Environment Conditions (Continued)

Non-Operating Conditions
Survival in stowed position
Relative Humidity
Temperature

Altitude

Indoor Equipment :
Operating Conditions
Temperature

Humidity

Non-Operating Conditions
Temperature

Humidity

Wind gusts to 250 Km/Hr
100%

-50C to +60C

13,000 Meters

+10C to +30C
From 20 to 80% non-condensation

-55T to +65°C
5 to 100% condensation

Antenna Positioner

Peak velocity
Azimuth
Elevation
Third axis

Peak acceleration
Azimuth
Elevation
Third axis

Azimuth axis tilt

Third axis relative positions

Primary electrical limits
Azimuth
Elevation
Third axis

Servo limits
Azimuth
Elevation
Third axis

Mechanical limits
Elevation
Third axis

Orthogonality error

Rated gear strength

Gear ratio
Azimuth
Elevation

AZ Delivered Torque

EL Delivered Torque

20° /sec Minimum
7° /sec Minimum
1°/sec Minimum

15° /sec Minimum

15° /sec Minimum

N/A

7" cone from vertical

Either +90° or -90° (east or west tilt)

+410°
-1°, +181°
+90°

+410°
-2°, +182°
+90°

-4°, +184°

+o0°

.02°, peak

130,000 ft b (in dual drive)

7471

1800:1
110,000 ft-1b
110,000 ft-1b
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XlE2X &4 (HDDT)

CH2te| Chung-Li FAI= F£2 AlM H=H)






H 3 & AdSa

e

A 1A 943 Ad=34 Link budget A A

BadA L EAM 2719 dF AAFH L ® 319 FYHUL o] I} o
Aol M AA3 = Aot

E 31 BIMA< BAH 2700 chEt oty

RS A% AYEFA
. HAA AR AYEH

|23 A I AHERAGE 3A)
1. & 339 Q7
A o
2. 4 HaAA A Fosoy A9
B. Wizl gAY
C. ¢telvizz), WE Z2H
D. di7l¢} Ze-4 34
E. $£A% &, 449 3
F. 4% Qe vol5d A4 1Y AL
3. B4 gAA MR A GALEYG 74 A
Al2=¥le] A7 B. ¢telv= 7] A4t
C. ¢eldzHF &3
D
E

Y2AAE o858y AsNE HolEE, YHY =2, ARAF=Ae] 2zhn A
$AYT FIUAS C "art U o FIVAS FIYH4A, BE PN
olg} sHEHl, ol FAA AW SNR HE FEEw ey mE Heluee du
a0, gAw wolet P29 IZvlel AHEEE SEUHAL e 2o

PL,G,L,L,G,

kTsR (3_1)

Eb/NO =




A7 E)/N, = HIER FAE duALE of ZLYUE Hleln, P& A%
Y, L & AF79 geluzte] HdEd, G & A4gEuels, L, & 37&4,
L, = AF32&4d, G, & FALEHUYOE, k= B2WYE, T, & A29%
2%, R & Holggolnt. AFrIsk $A72e] ARzt L, & AF

o owsl, L, € 2= 2L 949 Ffolrt, tiEe A E/N, 7} 5~
10 o} gold LR/ Eo| WA oA olele 4T + U daL =g MY

st FeAlzkel AR E AR, Al2d Aulel & nAE Fay Fads
€Y P G, G, 2831 R ¢ AR 10 GHz A9 FAFHFANME 24

ok

al
Q]
4 94 2% mE ol ok
a9 312 949 AY, A%7), A2 Fete A 2D dolg Yo o
oJEr&Zte] BAE UEhATh olF HANHEL sl4zde] F& AudA 200
MHz~20 GHz H91o14 As $8a =zolh.

FH B AFY ANGGL ZES WA Yk AHolH aTHE A5A
ge Adgez 949 2= BARG. % mEAAE 949 Aokt ]
mEol a7EE Ao FolgA Wrh

10,000 T T T T
i - Ground station
Ng:)s&gg_u;g.g 3&1 B Antenna diameter
L No atmospheric ipss
1000
% 0 dB Sateliite
2 ’ Antenna gain
g 100+ Synchronous
a Altitude
2
E
§ 10 }=
'% Earth Coverage Beam
= Synchronous
& Altitude
1
0.1 Spot Beam
380 km
Coverage-
Diameter
0.01 1 i 1
10 100 1K 10K 100K ™M 10M 100M 1G 10G

Data Rate (bps)
a8 31 A9 downlink E4



1. FadA4 f=

da AE71e HAE S A 79 FA4d A8k, isotropic A T E@d
#dsA AY PL, & BAO R stz 7o EHd £4AE AEEE W B
AHEEE 7o BAFOE UE Aotk &, PL/4xS" olth. EAAYL A4A
g P 7t AF7eh ezt AEd L o 98 ZAEE ol

THeF AEAH U {ZFo] Fod AYUTE AEUAHUNE G, o ddA F
Ztenh 9714 G, & AR 999 FA) BAIEE YY) isotropic HElU
(omnidirectionaell 2} FAlE= AP vojtt. F4E W= uir] ¥ FF
T 2L BREA L, o H3A #isA o gEld dgEEs o8y 2
o] vetd + Utk

PL,GL, _ (EIRPL,

eSS

(3-2)

g7 W o g@le W owmd <5].31, PL,G, = effective isotropic radiated

power =& EIRP (W)2 EAIZt 19 325 Z€ EIRP & £Ad8Wsr F
7FA ez AYHEE RE vt shue 2HE A0 AMSE Ao,

& stue AAY AFI1E AT Folth. olE T AelFE YR ATAYE
HEAY e TE53R] Rbe AFE AW FQo HAY, 105 gHY
g At FHold.

FAAY C = W, 9 effective receive antenna aperture area, A, 9 Fojth.
d71A A, & physical aperture area, 7D*/4 9 QU E& 7 9 Foltt. g

= 0~1 9 e 7HAE, Vel wAEW #al, FHEH a3 aperture
blockage §3 Z& oA 72 RARAYS solw AGFe] waEdy e
AYHA e 055 otk 4 32 W% A, & F¥ CE



Receiver

LINK Coverage

Transmitter

EIRP =25x0.8x5=100

P= 25W
C=W Ar
XMTA t
Ll =0.8
Racave
Antenng
Area, A
S
EIRP =1 x 0.8 x 125 = 100 \/
Gz 125
Pt OW /_ )
XMTR i
L, =08 Coversge
9=15° Area

8 3.2 oHE|Lo| Kot &M trade-off

PL,G.L, Dy

s (3-3)

C =
oltt. 7N D, & FA%4H e AFeln

ST L}o)| S effective aperture area A, T hypotential isotropic <QtE|vhel

2
effective area, —2—;‘; o] vl Aot 9r|A A & A$E Az BFelny. #



G, = (ﬂ&’—)(i’—f) _ D (3-9)

4 FU BT
olt}, (3-3)o] (3-4)E tYstm

2
C = PL,G.L,G ( A s) = PLGL,L,G, = (EIRPL,L,G, (3-5)

& deth. AU C & FAFGoln (A/4728)? & B4 L, ol
A" EAAM HEG FAE dux E, & $AAY7 vEZRe Folo}.

N

471N C o &9 W, R & dlolebg (bps) 232 E, & W-S e J

2 e,
TAQHTEY FFAYL F2 A3 FR4Ugd] T e FLS Fe
AHAE, N& ztent. 34 $48 3edy Ne N,-Bolth. o714 B =

TA7] 9 FEUGolth(B & dolebem} o] Mol FutolN 4yg Wz 9 =Yy
TR oF AFEnh). N o N & A2g@Lex T, 9 pagc

N, = kT, (3-7)
N = kT,B = N,B (3-8)
4714 N, o @9 W/ Hz, N& W 229 44 k= 1.380x10°3 J/K,

T, =K 2383 B+ Hzelth 4 (3-6) & (3-7) & (3-5)¢ AYsw ajo
FFFAA 4 G-1)& de.



2 #HaAdA

FIALE HARBE 8t U Hasit. o& dAAY) BEvHEL F
AU Wre dAld HEAY MEe Ag 5% AL sl @t Pamizl
AN &9 o83} 4L 2¥HY o JHAYY ¥z Jeidd.  gawe
10log 1n(Py/PY2 BBtk Q7AM P; & gau A44 2L 23 Yg=
Woli, By = o]€9 &YAelth. HAME Jed &4 F& S e 7
=0 HAEE d¥g FAs

P(dBW) = 10log 10 (P(W))
(3-9)
o},
4 @-De HAEE Bg3t 2ol vehd 4 Ut

Ey/Ny = P+L;+G,+L,+L,+G,+228.6—10log T.,—10logR  (3-10)

AZIM E/Ny, L, G, L, L, 2831 G, & dB, P dBW T, & K,
R 2 bps 28] 10logk = —228.6 dBW/(Hz - K) o]t} =3t

E,/N, = EIRP+L,+L,+G,/T,+228.6—10logR (3-11)

T A% 971N EIRP & dBW ada $AF9 uRE,
G,—10log T, = dB/K °ltk. 4 (3-11)& 53314 A4 ERP %
FA7] WR=rE Y Qe o HYPsich ol WHANM G, F T, = 7
< HANAM FHFolop e, F2 £417) GHY Tl 23}

E,/Nog vloleHd R 3 F8A Azoldd of LAy, C/NE 48 4
At

2 &
G/T, =

C/No = Eb/N0+1010gR

(3-12)
EIRP+L+L,+G,/ T,+228.6

A GB-8)lA AMIdY of F&AHu, C/N & C/N,—10logB o|t}. ol
(3-12)% Z#sd



C/N = EIRP+L+L,+G,+228.6—10log T;—10logB  (3-13)

€ dEv A9Vl B & FAY F2UYZeln  C/N YA
E,/Ny+10log (R/B) s} %t}

Received isotropic power, RIP & $AI¢HHL}o]E0) 0 dB ¥ o $4d Ago)
. 4 354 G, =1 (0 dB)E Wstd C = RIP olt}. olg 4 (3-1)3
AsH

RIP = E,/N,—G,/T,—228.6+10logR (3-14)

o] &t H7|A RIP ¢ ©@9= dBW o|th. FAA LYY A5 Fojz RIP
of g HEQHLEE B3 € 4 Utk IHAE AAXRE H4LRFWE RIP F3
€ BEeE AUl STH FELE (G/TYA i H=x7] AA(EHY HEH
& TFAFIEH 87HE E/Nyg ABEH trade off & §8HE /ME &
Ak,

o

A (3-0% dBE WBFT.  f = /B o484 LT gL AHUlS
Ge 4¢ 4 Utk

G = 20logr+20logD+20logf+10logn—20log C

fr

=
G = 20.40+20log D+20log f+10log 7 (3-15)

o714 GE dB,f £ Hz, D £ m& E@3}

LY ety whA Y W E (half-power beamwidth), & A¥Fo=z vhLa
#AE #Fer

6= 225,  6(deg) (3-16)

ANM  fon, © M AFERSE(GHz), D & "YU AE (m) old}.

4 (3-4) ¢ (3-16) & AFsL 7 = 0.552 AN D gyyelEL
27,000/ ¢ olt}. H¥¥ gElE F2L w2 ubAYWEo] 4, o), wEg
g2 A Eo] §, A B W& et u4dE g o5& gL &
o] ¥ 4 Ut



G =~ 4.3 — 10log(8,6,) (3-17)

A7\ 6, &+ 6, E =(deg), G £ dBE 8T dF BN 1 E X2 &
B e ZE gHUE 14 £o UZg ZE 4Y¢EUS o]Fe] 2. o &
& whjog AAE oE5L 150 & Rr} Fe HEF A guHez 25 %
(12dB) °o|W¢ AT¥=E et WE 9, 2= 4, & 4 3-16)4M D 7t F=
TE B2 AEY ZoE 2HeE FE F Sk

919l o1 Eug4e AolSe B Aotk v} FALEH U AE7] A
U el 40 ¢85 @€ 5 AU udEe) & F Utk oE Aoz F
fo|S9 FAAREE 23Y £ Utk L, & ¥ FHL2HE Y EAGFA 7]
L1~

L, = —12(e/6%) (3-18)

d714 6 & el wAdgHEZel1, ¢ © ETUHHo T  dE E9
e = 6/2 oA TJEI&AL 3 dB otk HAWAE AAY o qEue]FdAA
o] EUIYEAE wopth,
2 3-5)0M FREN L &
Lg = (A/478)* = (C/4xSf)? (3-19)
olt}, ol& dBE W¥stH |

L, = 20log(3x10%)—20log(47) —20log (S%10%) —201log f

(3-20)
=—92.44—20log S—201log f
ol o714 S A=Ao|(m) °lx, f & FH4(Hz) olth
N2UReeE T, & thgd 2hzte] 429 Folo, e 9L F O2§o=
vt gEluad e SREE(FY] FAA)dAM wsE Re Aty J L
T, 2 8k o& F& 4L ¢uHu ANE Agstns A2 gRd n

g3 Be AEL TP

« 23174 S (Galatic noise)
- AWARY FEolY o g3 BAEHE Fe
B R L (Qtelvre] Flol AU Aloj =R H oA 9])



AlelegHd AFEE (F2 290 K)

© QIZEe] wE FE (VY] FH EE AlOJERH)
oA B4, 49, dolF (AHVAM)F Z2 A 7198 F¥
rel v M BA| 28X booms W §3 ZL blockage item ¢ &%

29 338 Fu4ol BE e A YRaAzEEY FELES FHE Aol
. sAgdde WEc] F¢ U< 5E)el dEte Hokg T8 AAHME o
gch a%X gow HYL dHe FELEE F7MIYIA Aok

£, 1dB)
60
=0
\\\
\A\ ~\‘—-——
\\
8 ~ o o a
\‘\ :\.__E_(_o__l.__, Wz
- E ol
~o 4‘3’/" (90%)
>~
\\ /
{ !
1.0 10 100

FREQUENCY (GHz)

A: Estimated median business area man-made noise

B: Galactic noise

C: Atmospheric noise, value exceeded 0.5% of time

D: Quiet Sun (1/2 deg beamwidth directed at Sun)

E: Sky noise due to oxygen and water vapor (very narrow beam antenna),
upper curve, 0 deg elevation angle; lower curve, 90 deq elevation angle

F: Black body (cosmic background), 2.7 K

G: Heavy rain (50 mm/hr over 5 km)

T2 3.3 10~100 MHz oM Xjeixol Zim} olZio| BlE AARRE 7|0is(=
AR



eI £A7EYTY RE A4 FARLLE, T, o8 . $4
717 g J1Ag

Aeds g8 [(1-L)T], 9721 L = PyY/P; 28la T RE
Lxolt
+ LNA(low noise amplifier) [ (F—1)290K], 4714 F &= ¥&x4

A& e FH7Idd EAste FLo 93 E1HY FLe LNA o5 93
e =7 & muistn & 5 gl
FA719 FEASF F & g3 go] A3}
T,
F=1+ T (3-21)
A7 T, & FA7] AAY FLLEcln T, & 7|1FLE2H F2 290 K
oltt. FEAFE F2 dBZ Uit dE Bo AF2HNIE FAsE AL

Wztg A 7&%—3—5 290 Kol A &-&-A47}F 1.1(04 dB) o)t}
ALRZEFLE T, & Huges #4738 oz gy, 7.8 F

371 AEA AFAde Fea e 21719 LNAY 92€ "Ee Fee T
3l

Ty = Tau+t (3%12) +(—T°(%ll) (3-22)
oltt. «7IA L, & MQ} TAZIZEE] AEdoln HF¥ua vepdoh 4
(3-22)9] F WA ¥ AFMoMe Fgolm, M WA FL& £i7)e Feo|t}

A7) Teevt o 5 9o Folh. olF RELEE Ve WelHY Foe
L2 vhe Aot ¥Zd #4718 d& 89, AEdo] 05dB 3n 7MAHsHd,
L, = 0.89 olch. 32w gl gelxe] deds A $oe 36 K oz 4
NAREE BK oItk BN T, & T,,+69K olch

E 328 UZEA 48 $U718 ASSE 44299 A4 geese
BTk A4-ALe F& Yol ATE FY o uplink FHLELEE AT
£EZ o 200 K o)tk %o=& LNA 4Aes WEE QA 53 n2u
A 719 FEAFE A Fols Rt



E 32 SMSNI0l guiEel AAUNSSE (MW
Noise Frequency (GHz)
Temperature Downlink Crosslink Uplink

0.2 2-12 20 60 0.2-20 40
Antenna Noise (K) 150 25 100 20 290 290
Line Loss (dB) 05 05 05 05 05 05
Line Loss Noise (K) 35 35 35 35 35 35
Receiver Noise Figure (dB) 2.0 4.0 45 8.0 6.0 75
Receiver Noise (K) 190 492 592 1728 970 1504
System Noise (K) 375 h62 727 1783 1285 1830
System Noise (dB-K) 25.7 274 28.6 32.5 31.1 326

Yx g EE

3g¢ dmact d8

Bz37] A s
dE N, Bt BEA] Aokgitk, FAolEBAME F£417] E¥T LTFHE
error rate, BER & 47198l E,/N, & AH8-3ch. BER &
Eo| BER o] 107° o&

2w 232 FuES} JHHEYL nFT},

10 2 L 11 v
o
03T
BPSK
= REED-
g -] SOLOMON
w (255, 223)™~e
5 PLUS
- 10 R o R-1/2, K=7
; VITERBI
E R
< SHANNON
a. 10 -5 s Limit
108
U I . |
1073 0 2

* Noncoherent detecton

Eb/ No (dB)

14

a8 34 E,/N, of wE BER

A8 HENIAY, E, 7t A8 FA e

bit

duEZ} FAE
AL PYaxes 10° wESL $£4



3. W7l # A3

103 r—— . B S ) S s A o e :
0k 3
E 3
-
g J
§ 10! E E
i :
- E
- 9
.5 E
5 ]
4 E
T :
H ]
§ 107! 9
= ]
10-2% 9
10°3 s i} T TS P
1 2 ] 10 20 50 100 200 400
Fraquency (GHz}

22 35 HsiE HolofM Cf7| BIX|el o|EA ol SAYE 2

27 el g% AgAzed L, & 2y 359 B9 AMYE F95 I

ot} o] IYL 90 X9 elevaﬁon &, zenith A e FHE H Rolty, 5 &
o] ¢ elevation 2= A & AA3Y) AMA zenith ZHE sin § & 1T 1000
MHz ©|8t8] FyFoA AEFe] WP FAMEY AZT 4 & TS 7
Aot olEF %L EHF THEF & W 200 MHz oldtelA Mg A%,
AR o] BAFHAAY7A oF7|AZITk. 50 GHz ol AolA s AcFsudn g3
T FHFENA vig & A7t dojdrt. dAFo R AF-HHTY RE FA
& H|§ o= AYoAE 90 GHz Hg& AR, o5 FHAA F Fos



e Qe 9L AE3Itt. B3] 60 GHzAlME 4the FFudge] 7] Wi
Intersatellite ¥ 3T ATFEHANA HASE Aoy AWLzRE Rads U]
B AHE3A 60 GHzZ H =g

a3 362 AFAHRAAM FHRFFIld ©E &40 718 FEH} FrHHdE
UERd Zolth. o] Y- A E FHU] s ALE-E 7)FH g A
A HEolA Eol w49 Q) Crane RAEHE UL Aotk o] e 10
GHz °149 A4-A% F3a AAA v FasA 23 =3 a9 362 <
Bk elevation ZtE7F 20 £ ©]3t2 Folmol wat st FASA FtHE B
ol 3tk 20 GHz ©1/32 ZAdle 53 ZeFol B AFdAas A4 A&
elevation ZtEE 20 =7} Hojof gtk 221} elevation Zx9 F7te 49 A
g go] FolEthe AL HAlstoor &t

50 T T T T T T T 117117
! Elevation
- | Angle =
10°
404 Availability
99.5%
n 98.0%
8 a0
=
-9 ad
T
2
2 2
L3
£ L
[]
- 4
10}
0 [ I N |
1 2 I} 8 10 20 M)
Frequency (GHz)

J8l 36 20|x|efel 27|0) Bt Crane model25E J|CHEls 224



PgaAfAA BLFE o & slde] aFdEY. a9 369 #EAH AT AT
8 BEI|Fo w Aotk BAY FIrkAd U@ FAPL T HA R
WA FHFAM B, FEFAA Sk (elAE fFEHARAT Fdtd FA
PFNFZANN J& Aol &3 97t HEEG gAY A2 AL 1A
&sktt)

e 2 gy 2= T, =

T,= (1-L) T, (3-23)

olth. 7 L, £ FoA AHu|AA Y ZF3hafeln T E Azl

(F2 20 K) ©] F29 Fa4L B2 A2AFF LR e F7tdn. A&
Eo] wheF FAHY A2"Es} 727 K A $20A12"0] 10 dB 9] 7747} 3
e ol FLLTE 988 K& F7kstn N, £ 1.3 dB2 F713A Atk

4. Fd4 AH

Fusdy, A4UIE, JYLUEE Addde v B Ao gy A&
Eo] gAY Fus §Fde E 337 2L FAYPLo] 3l

o] ¥ International Telecommunication Union (ITU)% World
Administrative Radio Conference (WARC)dl w2 Hojtl. o|REL mTdA ¢
WAL E o] 84 E Federal Communication Commission®}, & AR&-Aref] o 8] A]
= Interdepartment Radio Advisory Committee 7} #a| 3ttt Alx¥ AARV} =
FALY} AN FHY Fusg AR € de $EA HFE 71BN
SAB7lE ool BTk WRE ol Yol WE AVE 2MEIIE Bk ol
3 B33 d5¢ AT st ¥ Morgan ¥ Gordon [1989] & F=3}al



E 33 ITUOA otst Foioint MMz (et

Frequency Frequency Range (GHz) Service Downlink
Band Power Flux
Density Limits
Uplink Downlink (dBW/m?
UHF 0.2-0.45 0.2-0.45 Military -
L 1.635-1.66 1.535-1.56 Maritime/Nav -144/4kHz
S 2.65-2.69 2.5-2.54 Broadcast -137/4kHz
C 5.9-6.4 3.7-42 Domestic -142/4kHz
Comsat
X 7.9-84 7.25-7.75 Military -142/4kHz
Comsat
Ku 14.0-145 12.5-12.75 Domestic -138/4kHz
Comsat
Ka 27.5-31.0 17.7-19.7 Domestic -105/1MHz
: Comsat
SHE/EHF 435-455 19.7-20.7 Military -
Comsat
A% ~60 Satellite -
Crosslink
FHLd g P 71EL Y AU 9E A L F F SleAY o

g 7HeEe Aot FHSd AZE A9 " nlojz2dolE J=z, AT
goltt 53 22 71EY Anj2d] THE FEA QEE PESASHA B4 stk
o}t 4~6GHz ¢t 12~14GHz W gellA F3she devie]l disid FCCe A
Alo|=g2Ho|E (32~B log¢ ) dBi, 1 °< ¢ <48 ° ( FL -10 dBj, 48 °< ¢
< 180 ).z AFstn . 74 dBiE isotropic radiator (0 dB ©] %)< At)
A Folth. 23 ¢ & F LU F3 o|Rd ZA=oln. EI E 332
Ao TR BAEE AWAYIHERE Holx ok o] AFL mlo]azd
olH A9t T AHru|2s}t AL ANEE ITUNA HE Aelth

2L AxE 1 2L AYd AMul2g = T AAAZ=HAAN g @
W& AHEe 22 FusddE 9 + QU

(1) FAAHES A4 MERY & oz 3. (dg 2%)

(2) A% ¢ 44 M E orthogonal 3+Al polarize AlZIth. o|FA A 2L



Foez 4374 flol F Jlgelg £4% 4 . RHCP (right hand

circular polarization)®} LHCP (left hand circular polarization)< horizontal

1:711

3}

-

vertical linear polarization & orthogonal &}% A& *]i‘.‘él A= o]F
FuyEgrieo] FHSASA AMEET U

5 ¥awA

AL AAANA A" A8 P30 I3 AFAYI gEHYe|E F
€ AAZT. uEkA ol YAALE AdAGA AAAAHL] AFS AAANE F
83 Algle] H3 gl

Downlinkell th3F A HAFL 983 2o

1.

2HEYGAAT FCC @l SASA solFosg Ad @),

2. 942719 AYATe ZANA 4] AFHEL A
3.
4. 9144 Ax, ¢ E(stabilization), AMPH F& LA A4LE L]

A% AGLH IS RF £4& £33 (F2 -1~-3 dB)

HEZ A3

A g, A4 stabilization o1&, station keeping accuracy & ¥
A4 Ao el XAHRSAE BT

A @-17F (3-18)& AMEHA Ad=TE Uste AF qH o
T3 e Eo] fAg HEFAE Q).

A (3-2002 AMEA FUEAE T ol JAAES A4
2o o3 AR Er '

23 35904 di7le] wE HAoFFEHAE 2FPT. Zenith THE
AgZA A geze HA elevation FEI0E)R etk (3474
= n#3th)  AA7)o) polarization HBYH W& &4 03 dBE I
k. #HolE& ASF Ffoe 1dB £48 © FE13c

AGZe) GEt AES AAST ALY HE SHRT. T AER

Bl
tlo



g AUt TAYAHE WFI 10 %hET 4 (-1 A
&34 ohAe WE PL?}E}

10, $14€ T8 $AQH oSS A,

1. ¥ 328 AHESIA A29 Fees(@ed)e 2380,

12. 4 (3-1D€ A$AN LTHE AolHE E/NE 780,

13. 29 348 AHSdA AdYE w\zod mgredi 93 BERE o
71 918 E,/N, ;& et

14. F4A o234 ol &£4L w3 #A 1~2dB & F713d.
15 Faety-& TG @ Alag E/N, 9 Jdgst 87EE E/N, 3o

16. 3% 36% 4 (-2} AN Aol g% YeAsE 2R
.
17. e AR Fe) ¥ Y5As FHFUC 3dB ol4o] HES

A8 metrieg =4

a8E Bd o= HEY fhle] Wadrt ? UF we e wAAH A
224 2% w22 S BER £4¢ 290 Intelsat® C-band P2 4
~5dB A=) mhAlg et 10GHz o449 FRedAE s FeEde 1
H8A hrlo] 6~20dB AEIF Sof Btk FHY ge ATHE JIAAAT B
$3o) mad,

A9 £ME AR deuEe A0 Bt dg S Yamd 3L A4
JRE ART $E Atk Uplink AAE AU WEo] 279 TULAR
Hobe AP-ANGGe] d2aE Ae AdsnEs 2e oz +9AT

29 37¢ FANEINHY downlink 4A7F M) Fose] Aol weh Ws
= A8 vehd ol



Satellite Antenna Satellite Antenna

e ———————. e —a———

It B@gamwndth > 6° L Beamwidth = 6° Ground
Olametar=2m (agAX] Diamafer <2 m s::on
Gt:Conmnt xt , Gy = Constant

160
Increase

Galactic
Noise

. Antenna

-
=3
1

Required Transmitter Power (W)

0.1
Frequency,! (GHz)

38 37 2FEE 4ol 447 MM FToSME e 312 Hol=
downlink 1A/ ofl

of A AU YELS A ATANGAE W3y AHM 6 ==
2R YT ANF 271 05 m 2 TASS Yok Fiks)l wepdsE A4
TS ABL AR WEQAD o1F) & AASY] M Av" Anz)
(175 GHz 914 2 m) 74X F7habA Bk Fu47h Re+s QultelSe &4
& BAss] g4 o 2 A4 WA o W Fa4t ge4s 4
Aghetel TAPEARA L FSANE 2R 00E ATs] d54 o B
& A4A¥ol a7UL. IPolA AR Fo4E 1~18 GHz 4 ¢ + AUtk



A24dwUx 2 my

BFIAAE suld A Az ZYrjeg AdsldoRditt WxE YY¥Ns
FAFHFAL (F2 ARISY) 5402 HBATE FHeltt. o] EHEL
Z A4, F3 <, polarization ©lt}. FA7|GA AT BxE £AH Flgole &
dztel AHAEE FE Aok, ATMzE wle & (2 guld) A$57
dosing ARG F AMESA gEth A 2E FoeEz Ve
AAdYgagoe] £7) dEd A49A 2 Aot

39 382 AARA LR AMEE M A dEed B Aot

) m[m

Time Function Fraguency Spectrum

’ A
Base- Pr) — | SR o >
Band "t 9 | 1] 0 l 0 | 1 ' 1] o0 0RR 2R '
2
1
In'" I
BPSK k ! —

F

" llBO‘ o 0‘[130"‘180"

QPSK— t A
180¢
(11}

(o1

R
FSK ‘—A—‘

|F1_| le Ft Fl
12345878

(010) (01 1)

8 38 AYSAoAM CIXEASE MEstsH dHHLE A== HEYE



Binary phase shift keying, BPSK & $14°] 0= o ¢]Adolg 0& A$si,
$7de] 1804 w) 1& M43t} Quadriphased phase shift keying(QPSK) & 3
Hell 20 EE AMEEA 4l F9 1 A9 HEE AT F HAEL 0, 90, 180
EE 2102 FAA shirt AMEle] o] "ok HEEL ¥ELY 120122 A9
EY Zo] 122 &9 L.

Frequency shift keying, FSK= 7i2le] F3<71 F1 ¢ w ol dH o} 0& A
3l F2 € W 18 A4 Fl 3 F2 o AL FEAA 9% &4& =
7] 9184 FHolx Holet&F Zolof 3t uwleld 2HEY Z& BPSK Rt 3
olx 2 u} o]A¢] ¥}, Multiple frequency shift keying, MFSK+= 7lglo] Fu4
2 M A FRAEFAAM shist ARt 8 So] M=8 9 w AL 3 HE,
010 9 A&Frr7 F5 o] thg9 3 HE, 011 € F6 Fu48 A$sA. Ak
AEEL HELS 1/3 olth. If|m A$2¥MEYH ZL of u|ELS 83 ojth
Zus7tde 4E&% Lo ol9e) MSK, OQPSK, 8PSK, BPSK/PM % 2&
HZ7NEE Qv °l§ ARI|EEL M2 U8 29y Zg ZEr) AA Al
HolEs A " EREHY trade-off2 © HS hd=Zo] @A g 4% 9|
t. o& Eo] FLTSATCOM Experimental packagedlA: ®Z7]&=2 8FSK7}
AHEEET, EEY EJXHE Fol7] A8 E FuSAD AAAHEY Zo]
I B A o F ujt =tk FSK9 MFSKE ¥xd A3EL F2 7158
FaFoA FAE AL 2ANA B2t 83 A4 R oM A &
YL Ze Fousg A9t o3 Jled FHE AEAEL 3 M
A7 AAAGRE (HFEE 2L A) IS5 2 9L vAR geoh
ol ¥ olffZ A o] WRIV|EEL TEEAUYAN A2¥ (MFSK AMS) 3 A&
3 (3180l & FSK Rz A Alg)d F2 AMgg. wide BPSKe QPSK
o Bxe £AE Aol A45Hol aT7dY uwd AFADAN 42 AF
< 45E& A dAA. olzd g Fe] JEL Differential PSK (DPSK)E Al
S84 Fd & Atk o] 7l&L 0 7 180 = wkHE 1 o] 4P w gAuss)
flojok B, FA7IAA Z4 HEFIG FA" sl J4E oA vEFIF



d FAE AT vasA A4Est dAREAE € F U5 o] WEIES
&7t gE HEFIIEA HAEIt HE H¢ (<05 dB dF Ui < 20 =)
o dF¢ ZFEF 4 k. EYI S BPSKY QPSK HEE HE ZANA #F
28 4dgs AA frh. olyF Hele 4z F 2¥EF FH Apol=w
=2 AAANINA o FHe FaeAdd TS 7IAA "o 28y 2 A
ol gate]l HP Aoz HIAY Alolmuize AP FolgA "ol od 7le
o] Minimum shift keying (MSK) olt}. o2& tIdZE& A& Ho 2 ALE5HA 3§
HZIEEL AAReE Fup2gEYC] FAF oA thFALTH] &
BAYAH AN 2" Fol #8484 ALSED. e fAERE st1, AEA=
£ BPSKE #H43}:, BPSK/PM ¥z7|e8 BE& TT&C 3 AMEEG. ¢f
et boletgitt FH & MusEe] Fud EEE FHsE e ol ol
BE A £ A7 dRoitt. o3 FusRIe sMEolE 5L FHIte
L& &0t str2 HW3F range rate SH L 7HESHA . <lE ¥ ey &
2 FjFeld BErHAQ) AYe] gasty ggEe] sojuA "oke Holoh(dEk
B2gole Ful) oF §°], SGLS TT&C downlinkel Hle|el-&& 128 kbps 7t
Zo] &8 A 1.024 MHz ¢ BPSK ¥zd® AMEsgoig AMg3tt 18 o
BigdE Aels Hz AT 10 rad 9 AR WA HeA
2 gl (60%)9F MBI (40%) Zz UHAT E 34 AA4TAAE
o) 2 AlgEHE UXgdz Y& vERE Aol

o] oA ThE UR" Al2"oME BERel FIAHFE vehlsd AHEEHIAU
T} HbHe) olgdza FAYIE dutAoz A3 o FEH, S/NE Uebdth
S/N & /N, dz8y a8z od 4o2 S/N o FEHJE 5o =e o=
o 48 9 FM TV 4139 S/N & W2 Fe C/Nol| #7148 A7 7134
Fo) &t Ag A FIIGL E/NE A FLAZIT ol /T HE

fir

2

A$AYT HEY ZVE FAAIAY Fa2uAE FAIAA Eo. Parity bit
g 23 df HEE A$719 dojerdd AYE



E 34 YMEMAAHO AIRSlE HXel ITWHo ba

Wz w4 By / Np for]  Spectrum 2 A @ &
BER =10 AHE-E(bps/Hz)
BPSK 96 1.0 BER 4%¢] 9% A4 mdol Hek
Spectrum AME ¥4

DPSK 103 1.0 A e A #8 | & E/No &7

QPSK 9.6 2.0 Spectrum?] A8 %% Aaagdd WL Ho

FSK 133 0.5 A4 meo] FHefatA #E | B& E/No &7
Spectrum AHS-o| £

8FSK 9.2 0.375 BER 4%°] %% Spectrum AHg-ol 8-

A4 g JAgsA ¥

BPSK and QPSK Plus 44 05 and 1.0 | BER A%o] %4 B34

R-1/2 Viterbi F4H spectrum AHE-

Decoding

BPSK Plus RS and 27 0.44 BER 4ol H$%¢ 7+ 23

Viterbi Decoding AW spectrum AME-

8FSK Plus R-1/2 40 0.188 BER 450 9% Spectrum ARg-o} E-3F

Viterbi Decoding A4 meko HpstA 48 | B4

MSK 9.6 15 AAAGIT Wt A 23y

BPSK/PM 138 ~ R/(2fe) | EEE 2AL A% v | 32719 power R Y

(A ¢=10rad sinewave) g Fo] 874

g MESL FASZF FLolt B A8 AE Fol LAY £ U= A
39 £o HEHEL W5 ARE £ AA Bk oY sleEL iy
dEe] dides Be ugos FHE 4 U ol ¥y aYds v
ol itk AEel JHFAYUNESL HMESE Z/AYT wed FeUEEE &
U "ok =¥ R E/N, & 274359 5& 6 @A BED

—

AP 71ee AHQ Fehe Viterbi 2P & 3te TEFAH 2tk 12
€& TEFH Z=E 7 delghuEntt} 2 N EE A4St A4t T2z b
oJeHE2 AFHIELY 12 o, FAVIe AD2EE EFdu AFHT. (9w
A deole 62 HIE) AZte] o wet FIHAHQL HIEFC] AT AR
g ANd2EL A4H ZEAD2Y vzt £A8 Ad2s) b A A
A&7t A48 AL AgEn. S FEE Fol7] A ol F Ao wEd
o ¥ 349 2 AXNY viterbi TEZYL 539 BER & d&d aFHE



E,/N,& aA 2N o8& 5o BERe] 107° € | E,/N; & 44dB °lth

ol= =Yslx| & BPSK (96 dB7t ©ath Br 52 dBY ZH|5L €4 ©
.

Shannon limit ¢ E,/N; &€ ¥€A&A -16 dBE etk o] olgtedAe o

®W FREE ZE FHMoFAE JEs ggss A& G £ A €9 o
Shannon-Hatley theoremellA RE® A, o3 A Holekg Rt

4% B 9o A$AdE B8 48 Af g gl EHIAR

R, = Blogz(l-{——%) (3-24)

7] C/N & Adolxe B Mol A48 Ul FgAFu|ot},

AAHSZ Shannon limit 4¥E AFYGEH =249 BHAE F72 U8 &
bt 23y 2R7IHe T JHA i—?-?_ A& oz AEHAM of limitell H
T & gl Pioneer & A INME vl$ & FUEAL FH37] AsA o
71eS AFg ¥t ojAlEE 32 HIEHIEE ZE 255 H|E Reed-solomon TE
E AMEAM A EYe] Jdzegr. dz=d EHUEE 12 SESH FEES
AR EA Qlzego, dlolgle £Al7]dlA Reed-solomon Y RUS viterbi Y&
o) 98 EFEeh 27 340 B uhet Fo] A¥E =9 BER 452 BER
o] 10™° ¢ © Shannon limit Bt A¢ 42dB ¢4t o Zdx B¢ I=§ A
&3] Shannon limite] 2HE E4& d& + stk o] 71 dloletgo] 1
bps °14Y HE tEYHH o] EFstn vigo] FUrE 7 i dATNA F A
H1 gAE grh a3y deze mE 2v=9 Aty gz EAY d29
TR ol E A Atk zeolth

a9 34914 BER EA4o| E/N, #del "Asicte A& ¢ ¢ Aok BER



°]107* ¢ ), 1dB ¢ E,/N, ¢ &4’} BERS =ZAl £7M Itk oakd AAA
(Futo] Ag) A yanAL 2E RHol W$ Fasitk FA E/N,

e FEE QAFE I AFAETF o)FFHA FAVE JPEEAAM AR Rl
o AAARezE HQATLT, FRL7Y AFFHEH o dift, AT AFF
FTY e 23 ¥E A2yl F& Tydcl i, IE= ol&F
A E/Npoll o]213 &4% 1dB ¥ 2dB =& H7bsfol dot

Bz agrled B4, BIE, A5y5 o, AFUAF A 281 B
AT el i UHEE & nHHA Adgsof gt dHHFo] {7t Jdx
Aol AFE A2 A TP B 7kA] Ae ¥o] dvh. 259 HHEH 3
=99 £x7F £4% ERY A& Holelgo]l £ W Mbps Bt =] &
£ 3 AFAYE Fo17] A8l FEC (forward error correction) W& AR&-3irt,

® 34% BERe] 107° 4 o, ®& E,/N, %2 28EH 3 go] my] mio

AEUAEe 2718 ALt oWe A3E Wzsy] o] FEC A2 wES
el AEae FANL 4 A 2 H2e JEe WAEE FHAAA
FTE AF ZYol5E 4 4 YA @tk RPA M5 2EAsel AEe 4
B3] 9% 293 WA AP AR cleltels 7 WY n HE Y9t
AAFE Aotk £ArE JHs¥ AAURES 2T AT ¥ 2HD AL
M. d& Bl 44, 23 €9 d=usl sPSK Wz AYHW Be Y=
& AHg8= QPSK Wz Eo ZYol5e] 3dB Wrh. 2@ wyel 949 na
olebEAS] Atslo] 3 e AHALHAE AR RolTh
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A3Ad s 8

A4 A4S AL FA H2E 8o olF3. 21 39 g3
24 B4 #39 oE RAEo 49 4353 R8I 949 dHolEAR Alx
¥ (On-Board Data Handling system)olA 914 M 2& 538t o8 Jan (error
encoder)& 3 ¥ ubdmio] Mz dd 1402 dolehg AAdsle BAAG AA
g HdiAE Exe PAes WEE|E g o3 FRE FHF 4 U €93
23 teyaz A4Et 93534 9L 983 Fog fuR F£AEHO Exd
T W3 Ayriz Mgk solel ool dde] #HAAY E (ranging tones)o] A
Az A FAEHT A4 AAFET $AE EF FAE E9 @AANA 94
Aokl AYE AT 4 JA "ok ol A4 AT FA AR AR
¥ oF3 ¥4 (time division multiplexing)# A F4l W4 o] AFEEHIL Itk A
2 o) 4L o7 Ady HEE NS tFE zH e do FRE A
$3lE wraoz da AMLEY $uh Y 3108 ol E AEE W 947323
ZHY P E RAET HAAFTA AL ARG o] uE diFez ol
NgE Aoz A4 HAFN JIHH fASE AEE diolElE B Aol
o dee HALE o] AR (source)dt FA1A} (destination) B o8 A=
=g Xste dpste wgeldh o] WY s & AL fdAdd ok A4
Ay g4 dAZ0 H4A gl lestn SHE AdY dolgt A4 WE
E =29 F Utk £3 o] JAFA ZREFZL FAFoE FAHE A4E
T2 % 7|93l glvh. (CCDSS packet telemetry, telecommand) 2@ 3.11& ©]
3 A FA g 4H4FF NI BAFT o,
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i e
w PSK
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¥z9Yujoep  Ranging 4223 o}t
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8 39 4T xdzte| S4 g3 e
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M 4 & M= 2=

A1A BAF 71 98

BA=L A=E €1 e A4S FAsY 9J4doziE ABE FAHAY
HWHE $5Ast 49 dHE 7 x2E Aol "tk FAFez RIS
A2 MY A8& FH33, AR 4, FHEA 5P FURE YR
AAES BAFTY GE& aosid oed 2o
1 BAFAA Aosde deveE FAstn MMM A4 AR
telemetry & #A) 3o},

2. 3429 (A=A, AXMA FA), ¥l EP(safe-hold BE), 27|29, g%
879 e 944 SAEHLE AT YA Jddte Aol

3. A= 233 4F, dey 34, vlolgl A4, A= /KA BF A4, A4 AA
AdAT A, A YFaT WmE A4 ZAl AolFI 2L A H Y
o (Flight Dynamics) A¥]|2~& A|F3dl,

4. el AW dHloje} YAo) e ofF U7 AMu|=E AT,

5. 7] &4 AMH|2g AF3.

BA=Y 74 8as A U] Y Ao RED A REoz UE 5 9l
o A Ao FEL QRAe] ME(Mission Control Center), 92 3 XAz
(Remote Tracking Station), ®#JAl &% AlE(Payload Operations Center), 183
Hjg) &3 AlE#HolH (Flight Dynamics Simulator)® FA4EU. 4 BEEL 94
Aol 9 L4058 dA3E AP §4 YEYIE FI3e FRor FAHHEL.
2 74 8o dF FAE e g FdA &k

E 418 FH|EA, 2 2 AR &9, vd &9, 2832 &9 Ht F wA
AR gdAE 5L Ve Aol
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41 YR THY BT AH

g 5

T g A

.l

2 Ak AE % %7}

Al 2% #3 dA, 71]%, % 2 A¥
Z2ay 24 A4 4T Alzk AY A
}Zlﬁa}él*gél AA Hg ZA

7

E S
o
N
i
o
" o

% o oz
ey St
W, r,

re

N

WA 8 AR Y

O |00000000
E | Lol

>
>
Ho

JIRRY:-15: 4

PR
! AAZA HFPA g
end-to-end system testing
‘ii*}%} A RF AlE
- B]’a“l v Q8 Z)@ae] =3
- A8/83] 4 (GO-NO GO) é@—% A% WA H4&
- 914 \"%—?-a‘ﬂ -«:‘Z‘!%’MME} = 2
« AL A1 2 E9] Wy 74
- AF QA 74
- ‘%ﬁ}—r"é
< AR ZA
L A= 2
- e oA B
. 2q] wE A
c AR 5 gr 9=
- Hlolg} AF BA
O 4z g5

T ol
;:oYz‘,

Py
2ol Proll o
=L ol Ml ol

- 27] -ﬂlE z4 A¥ =A%

- FAdolgl 3 2 #r}

- 9)A] A4 (ephemeris) A4

- vjg AY AN

O &719A= 44N

- 94 AN #PL A=

- A= Alg Az +d
» YA MBA2E AY R AF
 ABAIAHESY A R oA A o]
c GAA TF 2 AR
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=3 A ) F
-AE 23 ¢ g5 8%
- FAdolg 3, ¥UF L WiE
c9AFAY Y4 2 AN
R e
- % AEE 9% =4 AH
- 'AA A
O A4A A=Y 9
- 44 A4 *9
- 45 deolge] &3, A, Wi
- o]4} ®A (anomaly detection)
- 5 2 AYAI2F boletu o] A {3
- Hg AxEGO A
- 43 $8 A 2 AE
O 494 tA
A & 9 e
(Contingency O dlolet 45 A ¥
Operations) O el¥ 42
O +3d B38AY, d3AE 2 4
O MBAI2" 9 &4
O AZ Alg BiA
O A" *9 AA
O MAH v Azt
+ 997 O 2ZEed 3

(Operations Evaluation)

O dioletw o] A
O #53% o¥

O dolegt A% #el
O 89 2§ A%
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A2Ad 3AFTY T4

ol HoAe #AF FA dI d&dd AA BAFTE T4t ¥ L 4
T AESE Fold gotiu FAFE FASE AMEALHC ity TEG.

1. dFAEE

BATE T3 d9E 4F A3 metd 2R3 oeat 2.

Ala®l 2232 (program office)

- 914 71€ AHE (technical advisor)

~ 4% A (mission director)

- 4% 2AA (mission controller)

- A% AYA (mission planner)

- H48A MBA&"] 43 (subsystem analyst)
- &2 A4 (payload analyst)

- A= AR (ground controller)

- 937 33 A= AR (remote tracking station controller)
- A= B43 (orbit analyst)

- A2 EY Ao (Software engineer)

- =499 A=Y (Hardware engineer)

- A4 AR (resource scheduler)

- &R Al ©]€A (payload user)

39 41 BAFANA 4F AL o2 Y] MAZE e Relth
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Thge 7 4% £9As 4TE YEd Aol

7}. System Program Office
-4 Z2aRe T #EEe 9EE 29T
- A28 Zo|AEE EOL (End of Life)7txl A=Al 9] tig Ant3y
A HYL A},
AR ALY A w9 AYL FHT

. Spacecraft Technical Advisor
cAE AE AYY Ao U BEE AAFT
cZ27] AE A9 VTEA HEA2"EY A5 Wk
- 9149 o)A (anomaly)™ resolutionol]l thdt & F},
AL A8 BY £4E FAEEC
CAE €9 A=) W ANHRE AT
A4 AFAE dFEST HEA2Y FH S tE FER 9L F3
Ll

t}. Mission Director
- A A" i AwAHA BAF FE Bk
- A1 €4 ™ (Test Operations Order: TOO)& 4431 g},
AN & B YF A 2E B,
- A2 A4¥ AY (Contact Support Plans: CSP)@ A7 El Y5, o4 A
o W gEgdel g HJL ot

2}. Mission Controller
-2 AAHESEL AAT FHI £ Ao i YL Ao,
- 53} A (prepass), A% 2832 F3 ¥ (postpass)dlH FFEAo ge @y
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2A4 083 2L 48 £33,
-AEAY AY (CSP)E +Usta HAMRH
-HEEFE A
-3 A BIPL 3.
-CSPg #33%it).
-Hlg Bl g 23, ¢ 2 £9E o
"0 ¥ XY HtE F9dd
- 43 A Y3} Mission Director] WA E A& =33}

ak, Mission Planner
AR 8 TANRE A" ZHEA T YEYZ 4 wA 23
-@&zl%_l 2% AYd B B¢ Ak |
CAFLHE Nwstn QA
-CSPE A3t W3 AFe] A4A Fre HAALLE HEo
- AAIZF A9F < Mission Controller® A gt}
C T F oS BACIT Ul AL g

¥}, Spacecraft Subsystem Analyst
A AEAI2E Y AAHA Aol de AYL A
Y 29 AAS R #AA .
- AAZ A% A BoME Ao
AT A MEALY 4L BAE £
- 1A4A ol A W HYg ot
A= X4 AY JF5E A4
- AHA G 4hg el d
* Telemetry 9} B ©loje} A8 & & 3ot
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A}, Payload Analyst
CHAA NEAZE H5E BUEstn A
-3 299 diE A gAA diolel AL&Ae} Mission PlannerAtol& =
A g
CHAA Y RS ANEEh
- EAA diolel 53 Ao td FHgEe} AAL T,

o}, Ground Controller
AN AP oid AA A A AFH A" 24, FEHd A A
& At
CAAT A FBg BZE AMEANA HolE EE-E FUR
- 53 ¥ glolgl A4 HF MEYIS YA dHE Hh

kY

At Remote Tracking Station Controller
-9 &9 AL gl EE RTS o] #4de] dig Fde Ao,
* RTS Personnel®] Eu)oll 3k Auta < A9le It}
- A= 3¢ FA)7]7t) thF Resource Schedulerg 2334
- BE FAREE A3

X}, Orbit Analyst
- A% AR AR 348 (ephemeris) AZ) W3 HY& o)
943 AE AT ke A9dd.
- AA T 33 dlolgt HrHE FYIT.
AR T AY, AA 2FD AE FA BE Agd i YL Ao
c ol HAE A @it

7}. Software Engineer
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- A AQ AN2d AZE Y FA i3 HYL A

c AR A2 AZE Y ARSI

- HlolEl AlAY AZES O o)L AL, AAT AQ HEAEE HAR
t}. | ‘

- Mission-unique &ZEgojo] )3t ALGT ATALGE FA T

cAZEYY AN AL &P LT

cAZE S YA4E BT

El. Hardware Engineer
- A 2" FtEgol A&7l
- HlolEr Al2¥ st=Holg] o) Fe 2AEIL AAR FHEAE BUBT
- Mission-unique 3t=ojo] th3t AlFT &FALS-E FATH
=g Al e gE AdTo
-BlEdo] A4S BT

3. Resource Scheduler
T 2 9 Al U VENZ Ad aFAEE 40,
-4F AY
A A B
-Al&" ol
A AT AEL A A5ty EYI AHERAES =AY

3, Payload Users
CEAA R TE A
- GAA dlolgt WrtE 3T
AR AEALH Y JHE 8T8
-BAA A% dE BUHE 0
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2. BA= 74

o] M BAFTE TS AEAN2Hd Usle & HEAZHS Ay
Hoz AJAS FE} A Rz FAHIL, J4 Ao UEYAY 4AL &
T 2Z-2Q) AUE e AZES o] REL IFFT BAFTANAN A4 REL
AT Ao AE, €4 3 A=, @AM &9 AH, 22z vg g3 A g o)
g Fddn

AFA S AEE G 2 9L £y

YT AfH Ad 9B E Y3
c 914 G g ARE Alo¥i)
COET 22 AAIT A4 HET AolE B3
-HE A4
-Telemetry &
-3 dlojel A&
- A AHE AR ex-glor FEJiv,
CHAA ALS-As} T E R Bl QE o AE HFr),
- B3 djolel ol a3l
cBE A4 diojet A FulE T3

AT Aol AEt A n3Horg Ale thgw) 2ot

Y Fxe TT&CAHAE g g,
* 493 (commercial-off-the-shelf) =019} AZE oo ALEL AT
3}3} '

A EE SlEd ol AZEH o] ERES A

A E AZEH O] Y& SR,

rok

.
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c A OF A4 ZRIYE AYSEE AP

AR AEF JleE Y

- d dlojEl o] & 7HEA9] o]F & o] 8F}

c B4 olF8 AAYE A

- Holgt A2} T N GFE YL AMEF

- 2-Ele -2l Hlolet AT Huf Al2wlg A

- B3Ry A29E AY3

-4 AEdol s Ry FEE JINES 3o

‘4F A8 =FE Ak g

CAZE AR LT Al diE Y o] 4R JINESE Fo.

Al AFFE YFAAEL AN AL HEF Y7 Ao] A Y
< 78357 S8 8z dhe Rolch

44 F3 AlH= RF delv MEA2R3 9445, 33 93 BEoz 34
FHI Ao RE, B FEE TP RF QU MEANAYHL SR S8
2 TH4EY. €454, 4, 9% 5FEL Ranging® A533A7 Ax AL sin
Aol AE2 dolgt Ag WP A E In, 2 4oz 8T7FQ B u
olEtE FAlstR A Hrh Ao} HEL A AYE BT et L B/AY

(configuration) A1€]-& 3§ 3ic},

- QFEIV AA T EAE
-3E AA
- Equipment string designation®] &

T4 B&-L Control Center2te] ¥4l In-house B4, 281 Hojg} A4 =
E 4480
HAA &9 A8Es g3 22 75e £33



-EAA AYT dFPHE R

-HAA diolet My Au|E w3},

‘EE YF a7 E 27)3Ed.

* MCC#] Mission Planners}e] UE|glo]A8 A2},
‘2E EAA dlolelg Astn #33o.

- Hlojg} A& Fh},

« & Investigatorell ©o]ElE Euj3ic},

BAANLIAELE 4AY @ 13E AL gen 2o

2 AAAY #AA HolelE: MY 5 A AA
2 AA AN Mg FAAA HolelE o)Ll A o).
Remote Readout Station(RSS)E E3le MCCZYE ®xA dole}

* MCCU RSSE Fatod @AM W3g Azdo.

FEE HAA AF A i3 2W L g

©F ARG AL e g@AA wolel Bl slgAe @R

* MCC, POC$t RSSALel9] §4] dZA4& 7230

CEHAA A AzEd LA NP ALEr) AT A oleAe 2
i},

- g4E B

HA 93 A gHolEE A4 oAl @Al AZEQE AL =& vl
&9 HE BEE A7) A3t gastn o ge J)Ee

c 28 A2FogA Ze FEdojo AXEY ] §AL A
CAEE YA #YARAMY 98
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T4 AZEJOE FYI=F T

g1 ZL sedolg AZEQO Test Bed2A 9 715& §Hot.
-+94 #3 @A
-2z Efolgt =49 7§ (upgrades) HA

c A AEAILE S A EH AT

- 1A &g AlEE ol g,

- A4 U G dlolElW o] & F HAMR.

- Software Development Laboratory2A41¢] AMu| A& A|FFc},

- Personnel Readinessol W3t Training Tool® 7)%& $33ch

2% 425 94 ANEdCHY s5d EYEE Jshd Rolm ¥ 43&
AOCSS] AEHOA 7153 BUEE Uehd Aol 1d 44 914 AHHol~
s 97 AEdH T2E Uehd Aolth X 428 BAZ 74 84 F A4 A
olREE res UEhd Aolth BAIZ THaL F EA REE doE, g4
Video® 14 Aol% ass ddstz, B4 YEQIE 49 A4 F29 B9
(Wide Area Network), X 9% (Local Area Network)€ X #3ch m# 9 Ao
ATEOE AN A4edel BAA 23, AA2HY, o] ¥ FpH o
Bl AQez AE 4% 2 23 AY, 9% AY =7, Y4 BY, 9% 14 &
ZEdolg Tyt TP vy I8 AEHolde Ads FAd us Aeiw

o]28 ATV 1Y 455 BAF FAT A4 AoiRe ¥ dlE Ehd RolT
Oy 46L BAF FA AL (POC, MCC, RTS)7He] 9F ¥9 dlolel &L UE
@ Aol
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SCC

SATELLITE SIMULATOR

TC
On-board
N TTC sim computer
CT™
Payload sim ADCS sim PSS sim
[

=

ENVIRONMENT Simulation

Simu,
Control

18 42 Y AE0|Ee] 7|5 E#3E

SATELLITE SIMULATOR

On-boord
control laws

L

T7

Sensors dynamic Actuators
behaviour Configuration
simula tion simulation

Simu,
Sensors Actuators dynamic Control
Configuration behaviour
simula tion simula tion

j!

ENVIRONMENT Simulation

a8 43 ACCS AlEZ0lYd 7|5 @3x

- 118 —




SATELLITE INTERFACE &
ENVIRONMENT SIMULATOR

sSccC

Simuator
operator
console

Xas I/F

l—irn——i

- ]

ScC

TM/TC I/F

Ground Interfoce Simulotion

Spacecroft Simulation

TTC On-board

Sim SWibreadboard)

Payload sim| |AOCS sim | | PSS sim
-

[

ENVIRONMENT Simulation

Simulation Control

Control
—» Interoctive facilities
Controt ; » Mimic
Task display

CXey

MmMa>»we>—->0

T8 44 Y QlE{H[o|Ae} BH AlZB0[E 7=
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B 42 BNF 7Y 24 K(4R £2)

7) 5

A A o] Al E]
(Mission Control
Center)

O dF A ¢ Adad
O 4L AF AH
O dAzE sj-A10l & HH 3§
- B8 A4
- €333 elet A
- &3 dlojel A
O 94 A% 971
- AN E 9 2aql
O BAA o] 8a & 457 aRe A&
Q ulg dlolet wjolx #3
O =& A4volet A FAE B+

LAFHAN=
(Remote Tracking
Station)

O RF ¢tk AuA 29
- &gl
O 97424, 33 2 33 1§
- ranging, A&534 € Az 734
- Ao = dolel HES A% A=
- 879 wat A4 Yo E £N-A T
O Ao 3-g
- timing source
- 749 A9
< grelut de F A
- B A AH
- Ay Fx AA
O &
- Ale] AE
- 79 A
- Hloe} M4 H=A

gAA &9 e
(Payload Operations

O ¥AA AY 9 2 4% A9
O A Helet Aal A

O & 9% £79) A%

O MCCe} 9= A Aeso)x

Center) O =& gAA HolEte A3 2 1%
O wlolet A%
O Tl wjoe}

wa ws | O 97 £9 29 ¥ A4y

Al B o8] AlA
(Flight Dynamics
Simulator Facilities)

O B3 A8 83 2 A%

O HY AXEO] HF 38§

O ¢4 o kg A&l

O ol AL & 3 d2 AF Ag=T
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ol

g

OH

lelrE~h
falela B & K
£l B =240 > talela > Alela >R
falola Y Bk falelr kixh falolr
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A3 A @A Gl

1. Qtei} 51 RF 3|

3 H]

High Power Amplifier
HPA
Switches
Redundancy Combiner
Phase Attenuator
Power Supply Unit

Antenna Drive Control
Drive Control Equipment
Power Dist. Unit -

Frequency Changing and Switching
LNA Switch Control
IF Amplifier
Upconverter
Downconverter
Switch Unit
Atennuators
Interface
Power Dist. Unit

Antenna Tracking
LNA Switch Control
Test Loop Translator
Control Unit 1
Antenna 1
Control Unit 2
Antenna 2
Downconverter
Receiver
Test Patch Panel
Dehydrator
Power Dist. Unit
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2. IF 2 BASEBAND #H]

3 Ll

IF Switching
Power Dist. Unit
FM/PM Converter
IF Uplink Switch Matrix
IF Downlink Switch Matrix

IF Downlink - Receive
Power Dist, Unit
Beacon Receiver
Unit Mainframe
RF Tuner
IF Filter
Demodulator
Access Panel
Test and Diagnostics

IF Uplink - Transmit
Frequency Modulator
Access Panel
Test and Diagnostics

CR&T Module -~ Double Bay
Power Dist. Unit
Tone Generator
Command & Range Discriminator
Subcarrier Demodulator
Channel Selector
Filter
Status Panel
Time Code Generator
Telemetry processor
CR&T Module Controller
Software and License
Phase Meter
Range Tone processor
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IF 2 BASEBAND AH|(A %)

3 H]

Switching - Baseband
Power Dist. Unit
Baseband Uplink Switch Matrix
Baseband Downlink Switch Matrix
Baseband Uplink Patch Panel
Baseband Downlink Patch Panel

Timing and Frequency Reference
Power Dist. Unit
TRAK System
GPS Receiver
Crystal Slaved Oscillator
IRIG-B Dist, Amplifier
5MHz Reference

Spacecraft Simulator
Power Dist. Unit
Simulator Electronic
Simulator Controller
Software and License
Access Panel
Diagnostics and Test

Data Storage - Double Bay
X-Y Plotter
Chart Recorder 8 Channel
Magnetic Tape Recorder
Access Panel
Diagnostics and Test

Communications
Power Dist. Unit
LAN/X.25 Gateway Router 2000
Smartnet ACP10 Switch
Access Panel
Diagnostics and Test
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3. Holgt T4 FH|

3 .

COMPUTER SYSTEM
Computer

50 MPS CPU
64 MByte Main Memory
screen (19”,1280 % 1024)

+ Keyboard
1 GB HDD
LINE Printer
Laser Printer
tolgl 44 A
4. Ranging A3H|
=3 H]

ranging %X
range A2 FA]
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5. 14&8 Ao

& H]

VAX workstation
multi~user System
Additional:
16 MB memory
296 MB Cartridge Tape
TK70 Q BUS CONT for BA430
381 MB System Disc
1 GB Disk (x1)
1.2 GB Digital Audio Tape (x2)
TLZ04 ADAPTER for BA430
Ethernet Interface
Ethernet Transceiver Cable
8 lines asynchronous RS 232 Interface (X1)

Peripherals
DEC/VT420
Data cables for VT420
DEC LA324 Printer
Adaptor for
LA324/VAX400-200
Laser printer Model 2150(x2)
Adaptor for LN05/VAX400-200

Power cables
VAX4000-200
TLZ04

Non~-DEC products
Recorder & IRIG Translator
Audio alarms MICROSYSTEM
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A28 AR (A)

i .

Workstation Equipment
VAXstation 3100 model 38 (12MB)
4 MB Memory Upgrade
Including:

209 MB disc

19-IN COLOR monitor
1.44MB 35" floppy disk
plus

Country Kit

600 Mbyte CDROM in Exp. box
95 MB streaming tape
Color Printer

Ethernet interface ,
Ethernet Transceiver Cable
Power Cables

SZ12X storage hox
CDROM expansion box
Page display terminals
VT340 terminals

Data cables for VT340

Non-DEC products
Audio alarms MICROSYSTEM

ETHERNET EQUIPMENT
X.25router 2000
LAN Server 200
Country Kit for Server
Ethernet interface
Ethernet Transceiver ‘Cable
Ethernet Teminator
Ethernet Barrel Connectors
Ethernet Coaxial Cable
100 Meters
Installation Kit
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6. AXE o] Ao & 7]g} AH

% H]

Real time and near Real time processing & control S/W :
- CCSDS TM packets demultiplexing

TM packets storage and arrangement

RT/NRT TM processing & monitoring
- TC preparation
- TC transmission

OFF line processing :
- TM archiving and retrieving

TM trending analysis (X-~analyst)

~ Dump analysis

flight Dynamics

- On-board time - UTC correlation

- Mission planning

_~ Spacecraft TM & TC database

~ TM archive

- Satellite simulation software

- 129 —




A44d &9

PF 92 $FAFY APFou]E (life-cycle cost)& A FH$dn 93¢
T 717l 2 Ao AR A4 % sk AARE MEAY SARE AN
82 AFstn AHANE HAANE 9357 A3t 9 3 RApsidor ¥
o AFHLZ AEEL 4F 9€ A4AY A Al2" dARG @ AA ]
2t AZsigort A48 A2 (knowledge-based system)® TiAE# o] 7L
olZ 3 AT W& ulFo] ¥ Utk Y ALY 28y faZgels A4
T@A7}E ol% (anomalies)& HASL HAse FH& FFA I EH £ £
A4ANE Aojstn HF ALEANA GAA HlolElE wWEEe UdFE 9
Fogted ATE T Ado] o8 d 4-& FAsteH vk ALFHANLE 2
A3A ok ol 9ol $FUR MAC ARA HLHEANE sy Y3
HE $9847 ARY LT £G4 Tfo] nAE JFL golof ) ® 439
389 FEFH AFEFS v BT AAFY 33 FFo] Yk JF
39 H8H EFxe ATEHE UY FEY AF F£F ALY AZEHS ¥
o o8 =LA #eAch

1. 95 99 Ma

ARG 7o sk A4A W2d BANE Aojsln PP £9YD 2
FAYE AR ABE ARAE, A4S 22E FA}T Holgt o] &
AgY ATE BHAE dAY] AFolh 29 47¢ YEF 94, AYA,
Aol el 928 JEdD GAHCE 4ANEL 9TLPE 44 B A4
N2 4AY ol 42 BT,
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H* 43 oI} &2 ot

24

38 J15ES AR,

99 Yize} EFEE HrH3i,

TIYHY 7R BaF H4E A
WHEZY o] AQEE Q1YH]4-L ARSI
A3} #5373 Nud A2TEY S F& B3l
¥ WHEHQl AT E o9} AMu[E-E AP jI
HHE A A v 88 AP

NSO N

SFAF AAY AE AEDAANAY FHol £F HEFH A& EA F
F& vAEA AWED A7|A AAold LA M FAAE nEin B
@ gAAE At ursle FRE HEE e AMA H2E AR @
o

Iio Al o] _9_% Q 2L

AdA o) BHE B 7o) Ag A
MEA 2L A Zd & AF
gAAE #a AEHolH 2 AF
A AR (recorder) & ©-) OJT L& AT
HAA HeletE B3 g4 BE

o]4 AHl (anomalies)] 32 A 1% AF
A4 FF (trend) ¥4
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PERE] =
Holet o] &7 279 g
AT AL ARAY

B B 2y

54 27AY A4

Asfe thF tigke] AA 2 Ay
Ax 239 AYsH
ArA 2 B

A4 (ephemeris)d] 24 © E};“;‘Iz 3:
\ o |
AN ol el AZE

A gAst $YAY AR

A2E A49€ A% loading ¥4 gRLZES Y B

AgdolE we)
A A 2Y deleho] 2 f3)
A4 Y 24

a8 47 A5 2Y (Mission Operations)g] &2 24

A4 HA, A A2 dA, dF

YFEH F=F ol2F a4E HE WA A&EHor AT T3t
Roltk. A, A4d A2, A A3 vz EAsHRe=N tolg o] &Ae
NEA 7 g =8 4 Uk o AL £HE vEg a7 A
A4 (life-cycle cost)& A}sL $FUF7} AFete /5L EU HAR
T YFEAE o, A=A €FAFA ® B4, diolel 5 o AL, A4
ANE AF AL TS o8 4T RYSIER HAY AR ZEE A
&k UFE9 (Mission operations)L 1950dt) Futol] X A& LAY
olF A Wtk ©A B Y $jAgte] AT FHE F1 Y& AoE
o d dASHYH G UFAF7] A% Yo FHE FA HAUuD A o)
3 AN Fol g J1EAY FAL gD JU. AFL BRI @4
& HWad FFstn AAV|g dEE B3 HolgE rEse A44E AMATn
AT A AFAN2HLE AR OE B4¢ /MR 98 A4E€ AT F deH
T4 o HolES 94AZF dvoelg AT & Uk E 445 4L ©E EF
B3 Al 71A] oz FESS 2 4N Helg Fa a4 94

e $7Y=el 30 o Qo]

(‘-IO

o
-
mlm
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E 44 94 53
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g4 £ |1 1-5 6 olA
Sl ol o1 g9 7%
g2 715 | € JF o9 7% (S5 o)
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A9 24| g QAZAY e | ABE SRE
g4 7)% i 33 kA2
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'l.
A Aol | 98 BT e 3% QA
© | | 559 Ao
) R SEs oj=AEd
S R e AW A A=
W‘jﬂ’lg@ ez AT A | AT A% A A8
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& E3 gopaA FAA B HRAAE, 44
d Aol | 54 55 Ao 1x9 F5A
21 | ge 24 297 59 227
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FASERR | amznny 3 4A2 e
AAEA | e Bé (94 TP
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2. 914 &9

A4 9L A4AE Aofstn WYL WEle 958 £V 2IHY =&
BF5E X9 A4 B Az =dEstd YF-o $FEE| AFH 44
Ae 4 AAZ Ad HFe AXNA "ok 948 2713FH  (early orbit
check-out)o|2} £ o] AEIIT U ZIEAS FIAEL A4 Ha% BA
A7 AANZ FAG}=AE FUstY] A8 FF, AEALH, ALY F29 AY

s o] dAE A4 Bz Ad Mg we FAAM FAED A
£9 4 3k AGANE FA3) ANy ANPAFAE BYEe o4 dFEs A
ME 2ZE Foll AL FEEFE AFsAEn. $9882 A4 4A A
HellAl A4S &Pt okdich olg s $9a 9L AL A4 A=l AE
3tm] o] &Ate] g7 R-gEe gAA wHojekE FFstn 2Hi@c. AL &9
AE e 718 8% gk 29 4112 $9948 A4 4A o 2AEFd S8
7] 1% i E ATEA. o THNA 2FEF] FHL 44 A A PRYAA
671 Ad& & F AsH ol +F IFAX HF Fr e U Fo £8

7t BAZY F8 4F
O A4 AAYd
- 4AFRH Y Y £4 (WA § ARER)
- ol4 gl & #Z
- A4 MEALY AR E FH
- 94 HEALY B
- 29EXS ASH FE, B

O "AN A4
- AEAYE 4
- AR Y e

- Holgt $3 % By
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O vEfZ dAYy A¢
- A" 29 # #A
- AT¥d 2 4
- e g Y
U 29 ¥F
I 45 9 B2Y S

Mo
of

W 4

O f174e] Ha=d 93 7150l 41,
O %% A4

- A A}

- 94 AE A AR

- voJebulol 2 A7
O %3 x4

44999
(Commanding)

A% 3 A% ¥
| B AR 49
O Yazdol 21

O %% a4 ¢ 718

ro  ofy
29

O /1% 9= A=

- 9147 AAdele} (raw data)

- Wgd 9o (derived parameter)
O "aFE o] ¥4

- 299 =& £

- YR z2ad 9 g AR}

- AHd AgE WY 29

A&
(Telemetry Processing)
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O Ag gudF
- & ax+b A4
- 9 3=z
- By Ag
O 3r 9 34
- % 4
- A7 A 2F 7PEE o) 8R7 AFH

O 9Y 9494% 37}
O L=l Yo}
- &7 5% B4
- BAH £
O ©]4 (anomaly) 2AF AP A§ dolel AP
84 € €A A 7FA | O 94 MuA2d @
- 9l ElE) reconditioning
- ARE @Y
- Mz &Y
- A 2
O A4 A= /A

O 9433 Yoz volg 37
- ¢ty A3 A= (39, 4
- 973244 ole} (range & range rate)
O FAvujole}t A g
- Gross Editing
- Root Mean Square computation
- Manual Editing
O ux 23 (4 A=)
O A<l Ax AA (A 9E)
- 97 34 JFAl= 94 8d)
- vf Qv A =
- 9]&] 3449 (ephemeris) AFA
- 4 o|Z (Eclipse prediction)
- B 24

FAvolg 43
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A4 9454
%8 2o A% A72H A A3
%7} AR A} S
o2} A AR 23 A4 sl
AN e Au? AP L?
LER T

A4A7 BFAAN?
32 48 A ZZHaE It
A A2g &9 2z}l AR=A volet A3

O w9A%, ¥2 2Aole
>3

P

O AY 2 A& (range &
range rate) 43

O 94324 AA delg

O ZA Ao dlolel 3

4 F A &
O 48 g
O A9 #g
O 2% A8
O AN 24 &=
O Ax 4 2 37}

(O Filtering & averaging
O Least-Square fit

O Differentials

O 93434 dlolgr Az

A= g3 29

R
K1
£
il

A1
}7A (eclipse events)

q= ote

00000000
oo IN 2t

oy
Sy ey
D 2 pQrk,
2

2L ot ol

a8 49 Y Az ¥
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O 443
O =g 47 744
O A4 AsA 34
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g 7 A ¥
O %3a AY A
O %% AY ols
O w% #A
O 44 w3 7HA|

38 410 #Y 45 AN

AQedel UIN 73 NRAQ
FYshe AFES Tl ¥ FHE AANE 2L TeH 7
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N EEY 47 BRE
. %% g volg
- AAME BF 758 AT (visible time)
H4e & 52 2 AY
gay P 4z ug

- EES
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AL WA A=Y 27 H3 3% &9
(1-2) 6714 370¥ 170 29-6714 FF - 30d
YA AL AN A - T FEA AS - AN S
A - 94E 27 - MBALY HF - EAA dlolg
A A A=z Y - HEAEH J& - o729 9
A= K % Ws
- EEAY AL ALY HF ol 3 WA HE
A EHOIH 8TARE & ol #A R - A% A% DB
CAHA LY 7 R AE 4 4]

- T9H 23 CHAA 23 CHA AT ES

FAGALF SHES A e e I - B S )

- ANRALZES S HF CR FEE AT - 23R FE AL
AN g AR ZREEZ AT 94 59 # BF
LA A 8 -39 dFAE - 9] BY A4
- BN ZREZ demo KAl A&

- AL 2] Al gl ol
- FHALE ZE

a2 411 N Y JIsE

E 46 2 Fud 4L £9%] 98 nod £49 TAHE Aoz
SESETS

A4e BRAEE Wel 37 B ojua B4 758 7HA Y99 T4e 2F
Aok oz AHANE A We TEHY HEA2HL AFHRA. o] HHAA
& d8AE AAUCl EE 4UW Jledo]l AEoE WasAd Wk AAE
ARy A8 AAZHUolEE AAY B olld 4 HA sty R
229 A YHANE AYHE AAA FA sE FAAAS oS staiost
Ak o] AYL TY FANE A3 AW APo] 27 Wb AA = 3
Jozxy AHA] Aol FAHAIHA A4Me A 2HE ¥ A% HS
2sA.
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E 46 29" Py

A9 g8 8
3 9 g = 2 52|75, [CE[EE T
4|94 914
TENT ZAE Ta, 8 (23111
R AzA. RPN
. AEHE Ha)e A% £
L I A
L9 suze AN BAE | MY (810
5o Aeg
EASES A5 T 58/ 020 13
maag| AEAZES BF A2 oA}
et REFEEEL Y

cHEALgel WY MR |49 |35

3 %‘%91%—%’31 714 ]
3 | -=e 99 4% N

A7 | B 2y 29 el 20101

cHAAN B HF ZaAY |02 0| 1 | 2
gAA | - &AM s A o] &tA}
AR | - AA AEY HZA A 3-5

- Hlolel M 7]ete T4l 7led

AAA s B MBA 2ol 9 Vel FY FEL AFde T2
d7l gk o] BER% A4S MEAzHE o g $9Yel BadsAsn JdF
o] Ag&Aol LFHY )5 ¥ L7t o 4rh

AT A=Y 7FA-EZE (visual contact) 71T HIEE EJFRe) thLoz
Z %L viAe el S0l AT ARG AEe ANTE 139 FH
(pass) 7]t F +FHo| FHEAqo & FPYFE FAUTL. T (pass)@ A=
o] f4& #FE F A2 FAY F U= ARE guI (A= 49 108
ANA FANZNAHS 24 A7 A4AZ] @&l 2o|7t glg) 2d 412& 13
o F 990l FAsAo} se AAE JEHAT o] #F J1F Adde 94
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& AQYsy) g8 drlkgrge] AENF BagR] HEded =& 4 7%
24 A4 EAH s1g A+ BH $4 L diojet fAd EAVE Y&
A% WS oE@A B2k AAE 49 B¢ A4E& zzadd AU gAA F
Ag FRNE AP 2L dFAUE Al Axdted Al #5E F= U0
o] A% dule Y Aol glow YR HEA FYL v B45 = ¥
FYE& dAsed g AMRE & o FHoU AP aT wH F
AXNE WA g 5 Ut

£ GPS Zaays Zo] 8 4L A Adsior & Ao 98 W
% a7AE nEtodor Frk old FRY A2dY TE o, NOAA H
GOES 914L & 4 dcd 2709 Mz Fo|dt #1440 4T THJAENA Ao
g1 gtk old Z2aYPdMe e ZLAAL =3 A9 AT 7ML
(visibility period)oll Z-$-gc}. $149 AFol AstEwE EAAMl AT AT
L HIY £ UAEE A A FA 2o, I HF, dRIIEFdY A
S o B AHE 2nEA "ok o8 AA4E AHIsle dF HAAE EA A
Ao drit LAFT FIRALE FYL e BAASF @t dE W GPS 4
A AN Aeke] AS 2009 $14€ 671 Axdel AAMst o gt (18719 &F4
A3 370 dui4) GPS A4 FAANAYE Xl dis) 7 AV Tt
e 449 A% FA ol H4& Mulzsly] A ATE A AEE &89
of 3lm2 og e YAl 3 B3 dFAFe ATt of& €W GPS ¥
gle AN ME Aold Mul2E aFsle 6-10719 f14do] ALt A= 7}
ARl QA €t

Y T2E 72 A4, 9439 coverageE 3 E9AHY drlv B +99
< E AU/t AAstol Bk B 478 4-5 § (¢ REF HD) & o9A ¥
FeteEA BogFo o] B Z 9H s Qa3 50F, F 4048 EFE FAY
AZE ez Bk w4 oy A BXE A A8, & Jidd 2ad
AL ANET AN ALY ATEHE v &3 A Al2"Hd g vE dF
& 43 vz HESAF
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|2de o4 e $9% 2&d Ushid & £ o A4Y FFE A2ge
sqde AQsE HF Fu) Qe J1eo] 8 4 Aok ¢ ALEHR o FF
B A2de 948 Aolstn BFsed $3d 295 =8 AT 5 Y] &
qg 29%58¢ 2 AL F AT AFHeR $PRAE VIR YT
Hzsge Wi, FE8 B YEFHAE o A4 9¥P 228 ARY §
9lo] A4 Wy 4tk A A|2" (knowledge-based system)2 ©]4& &
Asted SAY $9A AP ARFOEN T AP E4E F & UL
M oold 8L 94 dxUdd UF d2HL FY £ o] AYAE o A
A SR 4+ U3 MEe) IPL AATET. AnHoz A4 A2Ye &9
Qo] B ATAIEE ZolT A4Y £9& dAsed £¢ 2ok ol#F 71
& EZH7t H5sn RE $32URE 9% 94898 $4NT F Jenz A
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$99e FRE AAHT ojPA 18 $VSFL YA EHE Loruk
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& AFgate] H2E $aH WAA Holgs BTstn olgxte] 278 BEA
O AR ZedA £9A7 9e EE BE P3P ANE By A4 A
Ade o2 gAd Huth RAUY YL A4 45 AA8 AsAIZE F
Hol FARA, AP Tyt FERA AFedo #) wI AYY BEY A4
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o 98 YAk J4 SHAel YA} I AE/E 9H B AYEsy
gl A4EEE WY A% ATe AT Yo YHAY FHL 54 $U5
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Hzdz 4ANE JWsE WHE BY £ YES Aol Bt (T B,
HAAABE PO 2RE 180° HAAVE BY) mEA olT FHE A% A
29| dolghol2d £1 £3AI o|EL A2 Rl 9% 284 $A&
A= § oo} ¥} 914 WAE AT FAL BY FolE I ohg wL
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A2 MEA2ELE gAAelt $924= A 1A BEE AR FANE 9
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SFE 2 4A5A dolelE Bristn ol §AZHE dolg FA Wy ug-d
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AN BE TAZ olF3A "ot B& ¥ dHolele AR dite AFEANA
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st EAFAS A @ AdE AN
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3. 2989 &

A 4097 9489 AP 2909 FH =& v4L H8 Fh A
e ¥X T Ag gElZch uE ug oy o]de EAL AFHE i
%ol G AL, uF AYRAME £GAF aTHE YFE ¥ &£ god
HEE £ Qe AL gAgoz JFEHT gtk E 488 9aqdA e
A EAART o5 HAT W A4LY B4 w¥E2 Yehd Aot ol
# e $2 ZzaUe 93 9% 53 Fdd WA e o8 £ 3l
th o] BE BL 94 REH ABA2HAM dojF A4L YA doF o
NAoli A= B3 9429 EANSY U4iEE =g420E A4E e
o} o] AelME FA L 24BAH, 94 Aol 2L AL AY BE A A2
2HL T2o] YAHE BT LYt ATEL RATE W detd Lo}
B},

A WA SMARAE 293 T8 2P AT} BHAR =@
€ u $9%o] Sasldol & EHY o] WA Bk FA oot 94 2
A A EFHME BF 2%e B3t Fde BFE A Hoh EEE E9RA
g Alg L&AFIE Aot

. 94 AAZRH ol

-8 Fga

BN ZRES

cug Ay

- AT ARA 29 Szt B

- 27) 914 AA AY

AAASAE W2 gRAA) tF A% SAe HE NP A4L AFs
2928 FAANL F USE FEO A2 IS wj$E ol g4 27
z4dolelE AFse Wol ¥ FI £9AEH £ % @I AL A%
TREZL Adg
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H 48 Oly o wun

sl (of])

A A3 Sakil A4 iy
OAO-A2 | E4AAAM 2] &4 Bay/gyoew A% FAAE AMEEA g1 JANE
7ol A A 3}
OAO-C | Ao 71 s AAR | AA7ta dszie]l A | 2y PAo g3t 494 4
AE A=F AL Az F A= F zdl | dA 232 FilA 3 AAad
g A4 9 ¢t
Solar Max| yaw 2 pitch 28] | yaw % pitch &¢] fuse | $-Fu|8Atol 23 s’ w 72
Aol B% %} rollZe] gy o PAALE
#=3 AL L T A e A nladlg EAE olgdle ¥4 4
B2 wy zEgold AzzaWY
A4 Aol 38 A4 | gAATE wiwa Fo | PR Aol o3 AR
9 AFE ZaaPel A Tz
i)
ATS-6 | yaw ® Alxe] A4 | de EAZ 234 49 | 2342 98 fA58 =4
FA8 714 Al
roll Aole] A4 roll = Ho] AW | 2ARx2 AL
71%E A4
yaw & AlMe) ga | HFE F47 2% vaw AIE A8 Aolz g AHEH
NOAA-6 | §&3% latch valve®] AAIQHF | A ¢AHIAE A& gas jetE
of 2|3 FAA v & ALg-Elal AAMAolE 5oy A
g wneol HAA

THHL YA B, ¥ AA, dF AdE FY5] AT g8 ¢ 47
A A 2 RE BUZREE 244§ dfstder @t i 271A% 33 A
Y& 2o Algstn fAA et AN A"l deiek wAL AlEEH ol o4 dEE
Feygict, Gzt EH Qo] @AF A EH oM AUt AT YFTFAEHZE
B X4 A F -5 ALY 4L HFE F W =oED $FEFALE
(Space Transportation System)™ Z2 ™8 AJA¥e] 9= TAlL FHo %5‘
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39 dutelvt 37k A Holtt R B3} FHANLEY U =Y YEE X
FET olgd WA A 5L JlELEolE Bde dAAYY v syt
SAPE AT mlo] 22 olF F AIZLL EH & Aztez RET f4o] A=
EEsd 9ER 2U|AE FHAAYE Adstn AALY oL Ay K9
A8A AFAET 25 AFE BoA Aok EFL 4L JdFASd L F
I BEEG Eol7tr] Aol Algg FASE Aotk WAL Folx PR
TEE AL o]3E FAFL HAE + Ye FYL wFIEE o 94,
A4 A" 2 JF 29 MEde 3 2Py 2 gi0H o5 2 on 3}
849 HIE EA W Ansy AR ALHA FHL 0P 478
HHAFIH, o8 B A HELe AUl HAEZREH Jed 587 A4 2
AZALAE B3 29 71 AAdS g F Uk W Asstd $94
HE Adsl7] A3 @rht Be $9HE FAok stert 7 E 478 499 A
T+ 23 ZFAL F JdFE aTsm, 5HY B9 =FEY dos g
ok =k 5¥A Hel A4AQ] ¥FE Z2aRL JY3TH o =3¥e ad
Ao g2 Agste WHol @ & ok Zdd ms3 AEHolHY 2%e OJT =
§ OEor 374 B AFAAHQ Wyel 8 £ Utk dE W, J4AY &5
A3E RdFP s AlEHelE, & toluy AE#olE (dynamic simulator)sE &
A wEolele A AR AFE wFAAG, toluy AEHolHE FdnBO
2 3T Be A MEA 2 BEA tatd AAE 4¥E & QA R
o]RA Fo=zN FFATL ol AEol Uit WEHE Hristm s Yo
st 1ol oJgA wEstexd dEF F2HL F 5 Uk ol=2RE H$ F
B3 FFEAE A4 £ U dxEE FARHEL M5 3 AAY §A}EA
ke ZAUH toluy AlEdHelEE o EAd Rgdn. AFEHE o F1 B3
AL leuzg vE Fe Zz2aPdARE 944 AEHolHE AFses AL
A Hgo] € Utk 23y FAFEHE § MIPSS A5 Bfstd Aoz
A4 EFHAAE FAsled T ANFEL AT Yk SAAY
W AZEHOIE AMESIER TholuE] AEHoHY T3 fAd =& HE&L T
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A2AD & 9ok Z8ol9o) toltE AgHoHE theH B YL AQ
=

& Ho

- 93] L HFEO

- BN dFE £

CARE (FAA)Y 1EE ST

-9 R AGA 2" AZEOE NG, AP

-1 AR BAE, HAA AR AYS AEHIA Bk

- A 28 AT BHE ASTH

C @AY FAA B ALE ALEES NG AlxEe] wolEHo]2E AT U,

2718 944eddE A=A 949 dste 23 S44E AFste Zo) #HA
o o] 719 94L& ol&ste PR w{ BEIAUT AR AL olT
A2 Hele UR 3rleth HAAEHCEE MEss A 94 284S ¥
ANZ B olyz AU AE olF B4 (anomalies)E HAHAUIF7] AR
ZAYg =7 AFse Aol ¥

4, 9% A¥ (Mission Planning)

ARAYL E3ld, 4T 2UL $9¥Fes AsA o 94 IFE AY
37 AE 94 gAY T A4, dolg o] g 87E F Uolof ¥
t} olEl g XYL Hola FH FAEE MAAHA Ert. (AFE 2P mSA
= 94e ANE A= gdgE A o 28y A AzasE Ede
A A gasit £33, YZARE 2A 2 dHolek A @ HjEL EF 9
Yo AxeLE A% AAYsted & vAY) 2 dfde 4 FEAR
sl 94T AN A 24E L2 FAFsa b AdE AFR BFsd #
JAAE d7dch. vlolg o] §A 4TE HEHIH, FIHF A AV ALY
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% Q& 548 AAE A4HN ARe SYse Ao BXolth BE oo 4
FAGE WEA A} Bk,

.= B3 A B, Col U8, MU A4 FEE AriHAch

. Y5 F 5AZole] olgRel A HlolEh ujE

LSt A ANITH BBOIEATE AESe A4 A4F A4

- H5d 05 ohhe A4 GAN g

- A AFSAAE 98l GPSe TDRSSE ¥ §

ad F b ¢ B2 AR, YA AN RFZAIIEE U H4MNE
AN F Je HAE A ol277HA Hm HEE 3tk YF AHL +F ¢
& Nd3str] A8 AMgdte AR 99 A 4% shutelh. AYA} (planner)
= WA ZFFE g, 88 FF 2 Ax 9] Ao 4L /iRt 2JAH
A EFAE A4 FHES gz dAYEs 49 ARFHE FATT A
Yale AJRA/EHA g1 EYre s, EFAERG 2 977 stk A
A2 YJFE EFHLAAM A2 Agolt AN Wl AFE HEE BE
AAANA TFsitt. AR g AMAEe AT A EHolde, 94
of A= oJgA 23} (load)& vXerte AU A7 B3 (loads)@d 9
He e AU Ao LT7HE AMYE T3 (AT AFHe= A UL
A fYel &34 Bk, © A AT @ FElE AT @ oy Ad=

FFE AE o, dHe2REH Al B2 Aol JFHANE FAdAoF ¥
t}. o] E49, Falcon AFBY WEYa 2ddy @ ANEFolHAZL 29 4134
Ehd A3t o] A FE&4A0] wFEY FF o)EAFd RIAFHE & FAE ) o

# 23S JIt H3 d7E Fdsts Aol FFoIEAT L3e AL

L L A =Hez AYL ¢ 234 Ao 48 E49, W3 EE 1980
AER-E 1990 Alolo] A7 AAHALR wiF3 AT

Aol Axo e, 5 FEY AF7F AzEch AYRte] FHANA
4 29F MY FAL dof EXE AVED. AU AAANE A8 AAFAE
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(ephemeris)ob WAFE] 1Y (start file)2 FAsld A4E& Tzad 3k dd 9
2328 (ephemeris) 3L H49 HEE A7l whet veplH, @4E A
B AA (star sensor)¥l FOVE XU 7H% @& BEY FFolt. o4& &9, v
2o =2k 1A =EaWe A9 A% A WL 128 HY vector2
TAHE X297 o 80719 ¥E TAE EAE 3de 1A AsPd
AN 0] FAE HAFEHE AHNTAEE A3t A =B E F3H7] AT £2
AL B} o) J1¥L AFEHE GAZ RPE A B2 AHE W
Aot} $1x%48 (ephemeris)& A7) A3 HEHE 2ZEAO FH EF
Zzas5it odg 59, AAE A4 $FEAEE Astd e gedd F AT A
494 (general purturbation propagation)& ARE¥TE o] Bg& AFAA] R H
ok-g7te] 218 g drag EHE d&ste 4o o g,

olm g A4S, A4 AA AL AT o] dod FAA doe H5& 4
¥ 9y 39L IANY £ A AN AY R Aol A4AI NEHY
¥ (housekeeping)& FHEE M2 HWH (AR AAstook 0. FAFHeE,
AqEdAgoele MEAAHe] A58 AR, dAl A 5F& A oo, A
FHE AE FA3T AYAE ol ATAYE TRV F2E AP EAA
AYL H2AZRE & Aol7t Ut ol 54 A9 A dolel, E4 At
A, B Egsted ol gate] WMol mE aFe o Hedch AYAE ol
3} ATAYS BHAYge Hskd A4 2 & A ExlEteor gt o]
AY ZEL Y olgAE A vd FARAE /A deAdd ANERH
HE wdA (B4 NS AAn, IAFA olgA Mujz=g AF) Al
olzr7tAl Wt Wk ol&x gad g e tHE g@AANE b B
@ A4e B €AY A, HE FRA $FFRA (shuttle) T2IAHNA
g Fo] £33 gt AL Ytk FAY A aFFo| UF Bol 4 oj§Ae)
278 BE2Ad £ 9A Fo HE $eEe ER4E 13 NASAE 5%
AHRATALE Y3l HAedd BF9] AdH AY A A YFE 7Y
Ak ALAFZ o3 AFHE Y ALE A8 8F AL FAs= A
2 vy gesich
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AYAE 9ANA THA % AYA (soripty® FolA A% ALRE 74
L 9L FANEE Aok A3 A4old FFIEATE AfMe AS 4
BAYL A oA 2ot 48 €9, SA F2d AAF A= A9 2 9
Ao Fyrih & AAEY AEE BEFE 5 A "ot dI3A AHNE %
Al 2Fserte AN Alade Ao ZA Jg& FA "o Y €39 4
A3ZE ol &% AMH WYL FYsHA FEEAY H3e AYLL AASHA
HE2 dAAYL BF3A dth 100719 A14e Adsin] & Mol FAHor
O sdxe 3% 9 dHolet Mg a7sE gl ANTHE JPEH BA o]
At 4 EIHEE 25 AYLFAGE AFHES e Aol EEY 434
g AFgolrt. o] aFAYL 47H Y B FHF Holg AHE A¥ AY =
deolel A B F8 AIZHE TS "ok asE 2 YAEY 47E 1S4
7171 A& U] Aol g2t AGeA doh. 2d 4145 dHAY AR
ALLT FA FARFA WE FHL Aok FE BAFEH

B A9l iAol S HES] Aol AR AdE WAAEEE ZE &
T& WEAZ FE ok ¥ $FFIATY YA FES Fs}) A
AME DAE Y40 ALY ¢98 ¥ Goddard $-FHIEAH G AR T A
AE & NASA 548 33 4 dojeldte] g £F5AYs Fdcd AL
Bt oY (AT A4, MM EAFF HolgaRE AxaLE FAUS
7] & AYPE L& Gd T F U ] AELLE AHEEA A F
A dojelg AANIEZ $FYF HANA AE&AHY @2 FAIUGL. O ol
T AGFL F2 o1F% dHojE A5re: AT A FAY BBYF= A
8 AgeA et
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Ground Station Scheduling Board

Antenna
Direct Connect to

[Operations Center ] il

ﬁ +—— Down: Replace Autoirack Subsystem
2
R,
E& . [sicas|  [sicsts|
Scheduler ) is S/C 8 | Down: Preventive Maintenance
éssiggs
setlor | R

Support

Based on
gg?g:%;ﬁ 5&7 [s/c5 | ls/c 69 |
Ry [F]

0 15 30 45 oo Time-To-Go
{Minutes)

JO2 414 X4 X|@ dHAE

5. 71%3 A9 (Engineering Support)

Z1EN Y EH2 dlolg o] &A] &FE THAIY AT AHT A AL
Hel 29L& Adste Aotk dAUoe 4ASHHEE E43d FEAU A
BA2E Ay #3 7HEE A9 7le A4S #o AUl A4 AlEH ol
Bl & o838t TP FFolt MEALHNA B5E HFE AAFL2N ol
3 7HE AFE oEF =FE dAYCR ddFg nAE FEE HAYAIX
MBAIAH ] % € ARFY 1Z& 458 & QA AEH AL 2L &
EF AH-EL nZE AS 477t B HEER 53] Fadd. ode #A§
A& g, AU 7B BF EAFE Aotz HAY $AYLE FAS
o FF AAAE THUFEE IAE FEAolth 28 416€ olHE &5
BEEE2 Jeid ez dAYooA F7HA 7|& 458 4% Ao,
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D 4o T I 9 7HsseE 3 @ dolg o] &AY avE T
R EU=

dxole] AL 7|28 EJ”AA SA/sT EAHA ds BLstz, ¥4
Al RS &9 ARAE AYSA Bk drAE 71ed o) oEA JF &%
3 gAHEAS 2 ¥Rg Fole L AN SoA Zled 718 &Fol4
o] AEE $A32 uhE 8l S reconditioning 3= AT TL A 75 EAEY
of 3}, AAATAY BAAHEL o2 Eo] ¢4F Yo 71€F Adeo] A}
& Fa4¢ Jehit 48 Fo2oh 940 34T AN HelA sl AMAE
AL ol4EE F0)22 ook dtH A7} A HALEE YAAAL &
th. AAE olsh ol oA FHavHE BASH En i, gFd AN
A SI4A7 EFSE AL H4¥Th d%e FPol JAAE FHEHS He2 W
A 87l g2 (o, 9= 00 & FAHog fds ARE oFoy 027 AR
29AE A9 AE EA HHL 2o AEE AU o HHL A=RA
(orbit maintenance or stationkeeping)® 21, SIAHAY $HE¢ 8o 49
gt giAl m4F UA 65FT AR ASE FAHA A0

ol 71k old 97} thE ART o Ay YR H=A 9149 A
2o o] Z&Fhel,

2d 4160 e Ee], AESAE 37 AP (thrusting strategy)S Al-$-E0l
YA HFEE 2dg Aegsle nEe AgdE ol ok 44 =79 3
& ol4std AFEHZ AT ASRA W3 olde 2T vastd o ARE
AZ3ch 23 A5 T AYAE EAYHL T BHEL s A
3 A7) £9AE A FHE Hulo] £ 23 FAL 4E F
2 doletel WY 2248 Hlmsly 29HE AdsA = daA] ZE AA
| tEHA Bk AT AAAE 949 34, 949 43 A=E FAN) A
A BARTL 280 FAGE 387t H2 A KA AMe ¢
wake 235 AR A5 dAUiEe] dF-egql Y& AT WY
B3 s ot 9ok ol 1k £HVY $979 AHSE a2 P

Do

o

oo
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A4&

dlolere

T2y

i - 949
A AR o)A & Wb
(BaA) #1 A3 -

axs |
s A%
EFE A} :H}If:lw 2} H 2 A ¢ zizq
& AT ngqag T | AUISA Aqase|
R 87t
; & Ax 3]
34 F'T

SEE

Ag
EHEZH'% —?’]"6“% %)&. o} A [e)
a4 FRn= e
e S EE A} SN
s} 78 FAHTH THEER 33:3
AREE Skl o
A= 294 A °

zZa3y
Hole
&R 23 2
—éii jﬁ'z; j}’“ AgAENA| | HEAE A=
%og:}om A oAtz $1A 8t7] fisf AR
Az A g W5 Ase | AR 2HE 59
A o

O 415 YOS siEs| e EA
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A Aras

-4 AE 84 o -AE A A
—#E7] =4 ﬂi f:;f;if‘*“ - | -2 Az
—AEE A a4 =T ~A $X)3418 load
-A] ¥Ag] load
2gg 24 ol 2 o o o
o] 2dsAU ;4"0 B 3de | E9Ee BRsde
24 44
SEEES ERNE]
ZAZ Axas
d3le A=8LE
51 Bl
{
2% Azase)
AR A4 o4 b - |
23 41302 o)k ::_]_6]-'1—: AL/ AE 8
13
2 416 HYd AZRXE st 2Y =M

ZIeFQ AP AZA LD NG LZEYOAE o} Fasitt YNY
A LZEols A MAd EFo © A4RA FFEHE FHAUD. HFHY
4283, 7184 2 AR e ugd T Arl U] JANE ALE-
& 7HsEtAl vk BA HFE ABAZYL g MEA2HEE % A4 Mujx
Bt ol B33 gAA slojgte AF 71%E AT MEA2EH GAA
o BER=7L FUEA =t A48 AFEe BE AT B3 A44 84H
ol At H& HFEE FAGErlE 3T JUAT @A HAFEHY ALl 9
T AEHLE O ATy A4E AFRE F A & FH ole HAe] AAR Fl=E
7Fed Aot 27 ' W2 AE wAIL Wt wolel o8ty 8 F
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E ©FAIL A4S A /A5 st g4 AZEqo] Z=E £
F k. LE7EHA4-635 (Advanced Technology Satellite-6)o) A AU E
| A=de &9 43R0 AAAE 3 LT ES Y 80%E HASNUT 94
AFEH 2ZEHOE fAsled =ay T2a9 e JAAE J¥E + 4
222 @9 71eo] Easid

UF 99 Fa a9 X4 Al2Y dA= &9 ado] drht Z&Ho=
A4S AYsterte: AT A A2WE olgdto A" BT (A
AR AT VENIE T3t JRE Bz BEd) BYIE, A4 A2d
2 M UFol AAER EAAR S9F Add HEolA A2 95E $£33)
A StAY =8 A4 HY oA FHE AMEEHA de A4t gtk 388 &
FHEE oFE 7)exdL A% Jl=w4 (card based)d HFEES Argstn |
= A A2"dE Bfstn ok AN AlzE 9L =gl i 2y H
I EAHZEZE 9% B 49A AGETE ALY dEC 949 7€ A
L= 2ok gRrEY ¢F zaaPdie Y AA2H AL FHox =9
of, &ZE] F Folz vyl o/l £¥E 71€A% (technician team)o] Al
He g2 A REF F=HoE /A B JledE FAE FASFAY S
EAA AYE $UST LFG FBE ohjol 34 BAAES BFE F A
149 #A AL FPFHTE dF:Y ADE 913 Y Al2de] Fnjo) 447
T B AMTL IFEH 2ZEHold LI AP Ladch AZE Y T2
R Aed 88 FAEL RE SYAHAA FEH EAclt. fLAESAHu ogEs
ARsa AMste Z=E XSS gElY A AAHE TFEL, 94424 o
olelg ATt FHE AAsE A, Tol AY A2y 2ZTEF O oot A4
A2F] AZEole FESRT 5 2 fXd ¢ H 64T FqE a7
o E 482 AN A2de SR A7 £99) nAe 9% vehd

AZZANA A& EFse AL Hagd AH2E 7le A9 FA ot ¢3¢
I A4 Ao AdxRYoje Palapa B2, Westar-6 & Solar Maximum mission$] A&
A=A JFHoz FYstn EEsdc. $Fo £Y¥ ¥ Palapa B2 2

o]

g
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Westar ¢ gt F2E (upper stage)7t Ao} Aol &1 e AEAY H
FE2A HAoh +FFEA $7UL AL A3 olEE Afso AFE A}
A8kl 1990 499 ©] F 4L F WAz ¢332 LAE AT} Palapa B2E A
olZA M E 7|X o)A Delta I 2ol 23] WALE 3L, Westar-6€ Asiasate g
ABE ] MM FAH-2 276 o8] EALE AT, Solar Max 91432 1980:d 2¥
o EAE oY st=Eqo] g o8 UF sl ErbedtA HUATh 1984
NASAE FIANZE PAISIY 234 A4E 2, #stn AuASA. A=
9 Muls AEL A4E A AWSHA HAE A& 273 A8 Y, §
£9 Bddle 5ol wyste AL AWy A8 225 FES] dztd 31 YE
9] restraints & EFI vt MH|2 Jide] AFsEE 4 AA B 3G
¥ EME FAstdol B AEHoz, dAYels AP IE Tt 4L A
M 23, HEF Ao guEFL FAAFL, TG REL $AATH ATH
Foh. 44ZA HolehE B3 Mulae 949 83 £9E solA ¥k A
=3 Aok A o2 e A AT v E-& WA "o
ARFE OA AT HetE MBALHE AT N ¥E5F 4ol AT
7ol A 4% A4 tAEE ART HE dHiAN § fE & Ao &Y
F $+FYR AAE A4 98 F AR AT AAE 949 He, A4
AEE HFLEN AT d7|Ed A EY4st 371 983 dell o3 eYHe
A gt ATFAAYE 949 B9 AL EE7HAE (subsynchronous orbit)ol
AM&AY HH3 (geopotential stable point) H-ZL2 AMEE AL v s A
g ebo] gtk AFHAAE gL 2 EXF AAENSE ez qFed
of 3t} JEER A AR AFL AN E A% A= FHE AT AA
9 FL HEE 29 FE9 A¥E oM €k A49E& ATAAARNA 257
AL (supersynchronous orbit)22 Huj7] AsiAEs ¢ 10 m/s & &= W37}l &
TFEh o]l B|AEH EE9 49 B¢ 5-10kgd FAAZ Basiy 1-2g9
FHEAALE St 949 HEL A A FYd o FeEd BE
AAe JF YF7|HE F935H vjsd Jd8E AMSse W Ui denkE
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e #0. BEEe HFF HA44E HEFTAEE ARIAY FF2EHIE FI
71 918 &7 983 d& ol§3te Aoln.

E 48 T 290 ojxj= xla= AAHe &F

g AL 53 A= EHdel IF

BEEEE]
- A =T - A A4E 29
- B dlolE Wolx - BEAHY BEE =9
- A% Y - J4AE BT
- By By - BEAYY L =Y
A3 7HA
- CRT 39| 74 - AR #AE =¥
- BAA HA 2 - A dse &4

&% R Az &% Fn - HolE AT dEd)
- EW &Y g ady =7 - BAA %21%:— =%
- g g g - BAY gAE =4
L= 4
- BYEY =7 CBAR gA 2 A3 =
- 47423 A% & A4 - o)y A 7 A4
- =Y R 3y =7 - dAYld B =T AT
- gy 2= g - AAYY xgH FT
- AEHOH =7 - A
- AHAF ETF - A8 Y #A

71€3 AL AFHY dFF AEd vg Fast nx2 FEE dAY
o FE Pste AL W go] o] EAT o2 AT A £ AFL 1 ¥ &
233 J1E ALHY AFE 250 FoAXE AARY JEF I A
4R} EA9 A3 A A Fedo AY Al2dolu ¢ e EFES
EAS dAYA7L Aoz o]e] thgetA] Rl wEt gFe] AdAE FA
A71 ARF7) ¥E& EolA ok AAYole AFE A4A Ha & gAA
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g dioletst FYAYEHE 7ig UM £ AEAFA A dA H2E + A
of gt} dAA ozl AEAGL E T80 AAT FL, F £94E, AY Ex
AR AR Ag 22 T i FH9goh AL 2 ¥ §A duiy A
&3] 7l& AYAo] o4 (anomalies)sl w-§3h=r18 AR ole 3N
AL 9T o sl F F4 Aot

oA YT &Y 44E AMET, u]E A4 AR o] 44Tl A%
A Z&AQ 4% A st U YL AFSAY. AFE Aesr] A3
e ALAA Adg BAste Mdn A2dE Feolstn Hddgsiocl @t 29
B2 £94, AgA, AU 2 o2yt FLAJY dF e dFAARH
3007 o9 Aol o3 YT o slge A4 =R F4HEH TP
ol27 17X AE{HE. &9 Aol T gFo] Fo wa £94 BEL AL
A4 N2ge 4AE FEstdor ok APHA dANAH FHAINA HA v
o] Z7tE1 WA F 2o BFsA At 29 MES $4 dA ¢
oz ¥ ABFY] v4eE o 7 £59 A4& MLE & ok AA &L
Z gAY £3E€ A9e 7P FAaF a4t odE EXEn st &9
A9 FYoltk. MEA Yo T4 BF 1AL 437 HAME 9 JidE
< 94 AdA FFeleol gk o] A A4 A& 1 BA, A=Y A
vl Jlda @A 94 $AFHL FHAT 7] A AN EF £ AY, & 4
3 A "ol
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H s & wil= 7ls
S

Al1A FAS 7lsH 98

47 g &S EAdF AFASHY 844 dE FF9 Q4] Angd
mal o AAE B ATREA40l LAEo] FEHT ok oS 94
S 2REY £ BFHEHE £, MYy BEYE F U= YHER ARE UE
o] e Fo] FAFoIth 43 AFe FAAHLR o¥ ATUSFHYE B i3
o AT o] o]t glom Jig AFAME AAFA Ve /844 B
Z&Ago] dFH ATl AN FALE AXE FEAY, FIFEY FY, 4
HEX 9 Y #8, Y € FELE 2A F YL $E0k &8sty
Aok Ao g WALE BEFHALL A EoFy e e wE g 4} B
o g A, gt 29ERd f2E ZA 2 Rolmz A FAFA
Aesteiol & dlolete] o] A F/HE FALE o€t ol d tiystn W
g HloletE 441, Agste] A olde] Fad FRE N&HsA F&37) A
AME 2% AFFAAD FA7F BasA "t ool wel thydt PR R
B AEE $A59 delgg EFsed B34 FANE FrolsbAY +3E gav)
RS AxEdY =Zey EuE J|gel AHSE ATelx, HDDTY wig) th&F
o AHRE Aoz AMFstm MY F£ JdEe tazdye] 7E%R (Disk
Array Recorder) $9 F413 £okel AzE 7o) 43z stk o] FoAe
olg|q AT T4, Ba v R A4 FFVIsd dto rled

FANAES gAN FFS T ot FAANAL, HEHFA ] dFAA Hu 7]
A FAFL g Zo] 4dT. Id 512 $AF A2l 74& yE
A},

- A& 441 A4 (Data Acquisition)
- 712 2 QA A4 (Recording & Playback)
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- Hlole} 2] A4 (Data Processing)
- AF= #e (Station Management)

AA=Z 38

LAY BE B

A FE AT

R EEIOL R B
C 4N AHAY B

g~ k) )]
85 25 34
[
AgsA Al 718 2 FAAAA] gl o Z
c YA e 3 « HDDT 52 wjA 9l  Quick Look A& CCT,
+ RF &9 £4 |=»| 718 =« 94 A —> FILM
+ dlolg B + HDDT SollA] A A < AF AA A&
A ABAY 2 - dojg X9H - G AN
X2
- g5 35 93
ol o] e}
FVe}2 1 734l
------------------------- Al o Aw HaA

OB 51 Al2E 4T
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1. A8 FAAA (Data Acquisition)

AR FA AL dElvs £V MEALRHez FAER. dElY Al2EE
FANAT $x9 wet 271 £ FEvt ZAEH AR A 876 gE A&
W AdAsieolr 3tk dElU MEAXHL Yo IRE AATRez X-d9Y
(8025~8400 MHz)¢] RF A3 & A EE e AL A A A7
#E9A (SPOT, ERS, Landsat, JERS Radarsat, Polar platforms)2. 258 A& &
FA87A =22 by Alxde] ol AMezREH N3E FAY & WA 4A
ot gElY Alage HAA (zenith) & FHE W= dHoleld &4 Y= 44
sojof 3tk EE AE 4 AlHY £9L HIzHolHely PCAl o3 AT
2 Aolgr. F47] MEAAYLE ANFE BZEHIT (demodulate) HIE F713E
AA dHolgt 28& 715 # A4 A2 Hdo. o FA= 225 REF
Tz2 Ho, RES £F (o)l FAFozHN F7le A9 4AFE Ex, HE
718 & Ut o) Al2¥e 28L& E3 Moving Window Display Processor®
Bl A dlolel =41 Hal oA 4 FANE 5 A o

2. 7182 2 A AlxH

712 2 A2 JAH0AM el HolEE J&, A, Hole Ha
Nagoz Buly) 8 vlelelg Eul®T o] AAg diyf 2ol IRUE H)
ol 7]&8#4x (HDDR)¢ Holel 2 293 (Data Path Switch), 133
(Local Control Module), 594 AAAA (Multi-Satellite Preprocessor)2
Ak 4 dolete nYE HA" HelT (HDDD 7=, FF Quick
Look Bt ZAES AF AHE 93 AMYED) slojg §2 2HA= Y9
A FATE oA AdE & A AFH AT $4& A% FL FA .
A2 (Local Control Module)E HolE} B2 29X)¢] AZE PC ¥ Al
dog dlolete Ha ARE At o] J1E A Az Fa JT L A4
AA o2& YAl HoleE AANF FAE o83t o] 7t 44 Erlez ¥HE
ate Aolth,
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3. slolel Xa A=

dlolel AHele AdTe Aoz oA dste AFE AHse Fold,
Quick Look Al&®¥ CCT ¥ ¥UF A 2dez FAHEY. FHZAE Zze
Z AEEHE 7FAth. Quick Look Al2¥L flasgoeldoez AT 71E 2 A
AA 2" AT FRNA L= Holetg 4233H AME AEFELE H3I Quick
Look 3}4-& gteEth JlEl2art EolAn, Y4 F vz A€t CCT
2 HE AY Al=dL ool Z2AA B dazdolHAE o]§3T. HILH o0
A& dolgt wolx BARA, 94 ITH A4 E 2 CCTel AFANL 5, o
o] T AME JAdoltt wAL 3 &Y AL S EF HFH A&
Hoz F HFHY FAPEL Bzt AA9 Ae A LZEY
(Geocoded Image Correction software)oll 93] ajgct Lt §x9 d3YZF

2 A 7eE s

4, AX=Z By Al2H

A4 g A& dZ3e 282 mE&Hoz #HYE ¢ WA X3}
E Aadoz gg#e] MHEA 2% (Operations Management Subsystem)®} 424l
A A% (Acquisition Planning Subsystem)2.2 FAETh LG AI2HL o]
478 FES B 3R 8FE Fol diolgr M A2%e] g IAYPF
Foz Agsin dolgt M AlLHAM A FE ¢85 BHIAE Wey. =3
Aol AZd diolgtd JlE2a% #fA8 o] FE AT £
AY MEALZHLE A7 v dolel £4AE A% AL Al AE3E
2o =& AA4@ch o] AT B A2¥E Yazgoldor FAH
M LANE 39 Holgt A7 AL/ JdFdEn
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A2 A AT 74

FAZL BEJHOTRY raw daa® FASA o8 Az, BAY el 7}
A FHY % AFE AHVT. AL 2A7BE 2E X-UY FHY A

A3 RF Al29, dlolel B33A Fo2 F4E A& $£4 A4 (data acquisition
facility), & RF $449 £A8 A8 Jgste dolg AHa Aladegs 3A 3
T8 T ey Fa 715e vgH 2o,

- $14 2% & F48+ raw image HoletE 44T

(Data acquisition facility)
- FAE 94 diojglg AR EEE FAsH FFE HrtEd
- ol AMERE 87Eke FEZA Aestd AEFL AHET

(Data processing facilities)

43 AR AFqMe AFAYY TEH o842 98 X 517 e oyd A
AME 1A BEAAEE N BAEt 982 A ol el Thekg P zR
F48te] doletg Bysied B33 A2 E FUEIAY £4E dLrt
UEE AZESo] Zaq o rPde] AHEE AWelx, HDDTH ¥l# dj&%
o ARE dAztez AFstmn AL £ Y= ©xAZ ool JIFFA (Disk
Array Recorder) §9 413 Fokg A2¢ 7[¥e] A o, v&d o
3 G%s AdozHeEe Bt B35 AEE sl Z&Holn A&FA A
&7 A% FAUF Foky Jle @Ro] ARPHO Fo w FAl3 A vAe
QgL RAFT g,
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E 51 M Z2eo| 4eiE Bael

g4® | 27 |WAEE| AN | SR [doludss| LT | AAE

(m) | Mbyte/sec) | (k) | (=)

Almaz-1B | #JA]o} 1994 SAR 15-30 125 330 73
Opt-MX 15

Almaz-2 g Ao} 1996 SAR 15-30 12,5 600 73
Opt-MX 15

CBERS =/ 1993 Opt-P 20 14 778 98
naA Opt-MX 20

IR 80-160

ERS-2 #4 1994 SAR 30 13.1 785 98

IRS-1C A 1994 Opt-P 10 15.6 817 98

JERS-1 SIRC 1992 SAR 18 75 568 98
Opt-MX 18

Landsat-5 o)== 1985 Opt-MX 30 10.6 705 98

Radarsat H4at = 1994 SAR 11+ 137 800 98

RESURS-02| #Ale} 1995 SAR 56 650 98
Opt-MX 27

SPOT-3 XFA 1992 Opt-P 10 31 832 98
Opt-MX | 20

SPOT-4 xPA 1995 Opt-P 10 31 832 98
Opt-MX 20

°of elde FATY TN # dH B FAZAR o]FojR ArFA
Al (data acquisition facility)® 715 2 A Al2¥ € dojg}l AT AJHE JF
of A9 FAE AErD
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O

2. el 5 AR

7t ML

e} & FAVE A8 F£AA LY (Data Acquisition System)& TASIL Q)
o AEU MBEAARE Aoz 944 te¥3 RF AE& XHH(8025~
8400MHz)2.2 #A%th, watd gHve Xtge AMe3te tiiie ATaEe
4 (SPOT, ERS-1, Landsat6, JERS-1, Radarsat, Polar Platform)22FE 23 E
FAZ = gloh. £A9 23E b AWE (down converter)& AH EWlFA=Z
AeEtt. F3 FRE EWAXNEZRE GEY AAFXR feedbacke A F 3=
FHFAZIZE FAADG. GHuE wolel &4fle] A (zenith)E A + U=
AAE TP FA7] MEALRLE A5 E B2 doled HE Fr& @
Fol 715 ¥ AAZAE Bd 2™-E YA | Z(HDDD) 7158 + A 3
. AEs E3 FAlY AAEFRE AFH Moving Windows Display Xg7]2 B
ol A=, ole A4 FAF FAuolete FHAE A + JUEE B
F7] Agelth. AR FAA 2" BE £9& PCo 71Z2F AFHFEA o)
Aot o|FA = et AT FAL A% FEA ALE AFEH Y
2¢ AL Ut e AsunE 9dU,

1, A8 $2A A% (Data Acquisition System)
Ag A Alade t=4do] Ao oY 550 VERY glen BHE thew g
o] T+AE

- 13-m ZhA 28 Q AE (X-band E= X/S-band)

- Elevation-over-Azimuth-over-Tilt pedestal

- X-99 9/ @ME (X-band Up/Down Converter)
- AWME AoJ7F=] (Converter Control Unit)

- Al¥ WZ7] (Test Modulator)
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X-t1 9 Bujx] (X-band Distribution Unit)

SUBREFLECTOR

(g-m REFLECTCR

X-BAND CONVERTER
S~HANQ CONVERTER

— TIME CODE
pr—— TA
g n RECENER TINE DA
FEE| = TILT MECHANISM
LO SIGNALS —— t
r 5-BAND 1 *
AZIMUTH SERVG P I
AR DRYER J— <t
X~BAND CTRUM
comenter H ANALYSER
CONTROL *
b4
: =
ELEVATION SERVO a g - e
21 = DATA TO RPS
a1 2F X
gl %
ER I t
(3] b4 *
¥
i2d
g2
a To TEST DATA
FROM RPS % CONNECTIONS
Hooron VIA IEEE-488
t
ANTENNA TRACKING
GONTROL RECENVER
umr
BORESIGHT } * f .
RF :;'rrs;ui IEEE~488
MONI —_—
CONTROL r ..;
) - OPTIONAL
CRYSTAL -
OSCILLATORS | S
ANTENNA
¢ Soumer
REMOTE QP TE|
= 12-8775-0208 7 (O

38| 55 KB FTAMAIAH F=0| 24
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- X-tlY 33 $417] (X-band Tracking Receiver)

- 975 YAg $AXAE (Multifunctional Digital)

- QPSK/UQPSK E-z7]

- OF HE §71317] 718 AR

HE %7137 A5z AA (Bit Synchronizer Signal Conditioner) &
AF F3 el A=A (Autotrack Antenna Controller)

AEA Y HFE (Automatic Control Computer)

Fg £ 7] (Spectrum Analyzer)

DEAY A HE Foe BHVE AR FANLEY B4 A Ldol

o oole A 9 A §A Ba Aol ¥4 E71Ad AA|oltt. ol& AME-3Y
T3 FAE B33 Az FAE AAET R dEe) T 48R 4=

AEE FASH, EAH LA 2 € ARG ALSFT o FX & 9 KHzH
Bl 22 GHz9 RF A%& AMY &+ glojof sk, MAZEEA 4417 (Universal
Time Coordinated receiver)® AA4=¢ A7 A ZAYPd FaF FF AT AR
(Standard time reference)& A|F3}™ F4AE AR 7|FE ALEHU

th A% Ao} HFE
A Aol HFEE AHE A FAE & A AF0 AAY FA U
M2 Al&RAe AFEH FIAE AFIL ole AT BE Al2He 242 A
{38 g J5L AFI.
- £27] 2 A AAE (acquisition chain)® 7|1 EF S AA 3}
- A FFARE Eol 4 AAZ olFA.
- 71% AAE TFAA wAY 71§ BROE o|FAL
- 4ol HolElE A43l7) 30 Ao HDDRE FFAZh
- AN ZREY AZE AE A, v AFH 33 R=E £y,
- 4o 2 RE dHolet dfol FHE F 30 Fo) HDDRE AR AR
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- GElUE AR A &3, BHolaE Ao

olg| g Ao FFE = i/l PC Fefe] HFEH7L ®Wol AHSEI Ut
A4F Aoe AFFH BE BFE dste N2 94439 pass, 7E
A4 FA 2 {AE A AYE T, Holx $49L SYZon HFHY,
A3 BUA (Station Manager)7t B3 F w3 89 £94% AGL A%
Avk M5 ofE= HDDRO A (Playback) & & U=EE ek X442 Al29
& ALgAN A HolE 4 AYE 522 AYA s AT deAr 93
AYL YYste UdEHNLEE AT EFAY VES(Activity Schedule
Window)& ARl Al 43 AgE Vepdh s PAZRE S golx Ao
v FHaFe FAHA /A 25 FTAAA AT AAFA AR BuyA
m, g2 ARz I/E AT EF Awe i AldE FAdd. A=
4% 2AEde FE H248 A 5% € AF FE HEVsE Avzdd. F
EL 5 A £4dA FAY 5US Ade 7Y o BT gk FAl
2 passE AZsAY, MR A1F £9& e R FES % = AT A
AFAE EE AT 859 AFHe A 43 2 A APE AF52E &9
e 75 & AT AF €49 715 2394 g AAE & Jew, e
e 4 & AEE A W F3A vk ST
~ AA AFFel 1 A EE 2 Ade ¥4 Holges FAESE dFEn.
delte AolEe FYo LEE HAEH, 3% 71&77F Bad AR 7E
oixw, 9] F4+8 (ephemeris) HolEL7} tHV Alo] FAZ 2 =H
Gelvt= gl o4 AF ez AT
- Qe AR R FAlal HE 98 AF(BER)e] & Aduitt AAEE A4
¥ Fa5E Aol £PdT. AT AFAE Holg 2XFA
4 HE gAY FAE EFslY BE FAE FIA AGslel Ao
BlE oAy ARE ALF Ao HFE HE ¥ Log el 7IS€rh
~ HE g AGAY FAIG AT F4E AMSst 2ol d4 doletrt =&
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A THEHZEE AF Hz72 EJAA gA] BER7]|2 loopback® o] Al¥
4ol moving window display (MWD)ol YeldAl ®ok Ald L
MWD Aol 183 dxFgolgrh AT Ao HFee Y d4dol EAE
m SFAA gale, B B2 Asid ARE U

- dlojel 291 AR, gy Ao AR & & AT A A4 Holg F
A g 715E A% ez FujdEn

- 4ol B JMEstd FA A FH o] AREH

- 71EFA e 85 AYd FAE AT wEl EPF oz AlFHL YE)

- 9149 AL &FAE B Aol FErh o] AL JEFAY AH
7 glEAl YA gae gloh o] HFE AT FRe oS 5L 9
& F£H AEHzE gAgn.

(1) #3715

AT AAE 949 B A Foe) AYR ol ANF AP E theol
ERES FHY & vk E 528 ¢ElY AFRe) 23 REE YR Aotk
A7 AAAE 9149 27
tolg} Hlolxo) wE] AAEH Qe 1HHE ERE
HY == ¥
nE] Folg A7t FH x| A4 Holgt

(2) X349 (ephemeris) BlolE} Wl o289} Z4E QYA

Ax FAYL o)7tA FE(NORAD tow-line, Keplerian and Cartesian
Coordinates)2 %22 AT Ao HFEd Y¥E 4 Utk == ASCLL H=
A YoM 2EE FE Yo, olgF YR FAEe WA, &9, 4A 75
Atk A= AFEHE 92 F4HE dolglz 53 AYE AAs, FEE 9453
o, A4AH-E¢ AEd) ey, 44 =g 9 & Uk ey AR
E A4 Al AFEHEZEEH 4= AMAEE LR Wl 94 oA Zaa
q FHE Y
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F 52 QHEL Mol X2 3 2= (o)

57 B2 Aol u g
Local |Remote

Z4] (standby) |Y Y A9 ON 48, naol=s}t Zd Heoln myze] Ana
o] Fdd 4.

4% (manual) Y [N |ZF (front panel) hMS} Lodatel @ % 2

24 (designate) )Y N ZAN) thumbwheel 291310 23l X9 gtoz y3F
2 AA
=gy Y Y 8 = 2= ¥ ephemeris® K 33
(program)

A5 F3 Y Y gAY AFE HHEglol 2R HElel wal Mg 7
(autotrack)

AE FA Y Y A% A=t 434 JAANE 2AE BT AFFH RER

EOU7HAl &9 o= & o3z HWold Ay AFFH =
(auto acquisition) ol ol

eal (scan) |Y Y 2% AR, = Ty poo] MH REZ IAEH A4
Aol olg 23

A=A (stow) |Y Y U7t stow $IRZ 7 MR FE7le] Aol AeH
o vgolzrl %4 49

(3) 9485 Bz
Fol7l 22 NORAD-2-line 91X 248 Holgz 43 Ao AFE 4
=29 ZARE F2to] B8 ALE THsel 94 A5E JEY FraAT

ks

rok

3. 718 & AAYA 2" (Recording and Playback)

A% % AGALEL Bhed F AR A5g £99
- AE fANL9ozRE B2HT HE 738 949 AAHolE (Taw
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satellite data)& Lol LWE A€ 7153 (HDDR)E |4 UL T
Ag H< (HDDT)d 7)& g}

- Heolgt M Alago] F&3la uFER HlolEE HIAY & JYEE 712w
Hloletel ¥ AA 2 (pre-processing) Y& 43 Fho}.

Holet M2 E& 913 7158 dolels HDDROIA AAHY 94 mEd AN
2|4 (Modular Multi-satellite Preprocessor)® Hijjold ¥mlel gt MMSPY)
A3 29"E fgdolels Holel Mg Aladloz BuAdck MMSPE #AH
¥zl 44& vte EUsH UehllE Moving Window Display® ¥ 33w,
o= Holg #4 BE AQ Al A $4¥ & Yok £F MMSPE T2y
7He % 914 AdEolE AEHCHE Xl olFAE AE FAA 2" )
B A2 Y R fAEHoE o 7HA] Hee AY HEHe Y49
ORI oo A4 AAYA f40] o ®ol LA wha ol F
A= Frdsfor stz &g @ S5 gAo] Lolstool Fo),

7h 71E 2 YA 2" st=de] 74

715 8 A4 st=dols 29 560 vl Jlew, tew e Az Fyg
=3

- 1= 7]15%x (HDDR)

Holet 42 291X ¢ Ao33] (DPS)
- 2EY o9l AXNFR (MMSP)
- HE 98] A]¥7] (BER tester)
AlZ+ &718 A (Clock synchronizer)

I
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RAW

SERIAL

DATA

(FROM DAS)

AMPEX DCRS;

O

HOTR

RS—~232
(TO SMS)

DATA
AND CLOCK

O [

AMPEX DCRS;

Q)
O

HOTR

RS-232
(TO SMS)

DATA
AND CLOCK

| BIT ERROR

RATE ettt [EEF - 488

TESTER
IEEE-488
CLOCK
SYNTHESIZER
DATA jpm [EEE - 488
PATH
SWITCH
MWD
MONITOR
|
DATA
MMSP - T()
RS-232
(TO SMS)
RS-232
LOCAL
CONTROL
MODULE
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(1) 2= 23R

Z18ZAE A%, 7H4, A=A 2 /A9 gol=e wel {AFE 2L dY

stedof 3tk & 53& o8 JtA HEl IRUE Ho|Z JEFRE e,

E 53 Ho|= 7|EFX|Q BF

Pegﬁgs& Ampex Sony/Tri-Plex Pe&rgs& Metrum

Pegasus DCRSI Dir-1000 Sirius HD%e
Max Continuous Rec.
R 100 Mbps 107 Mbps 256 Mbps 166 Mhps 173 Mbps

ate L
Type of Tape Cassette Cassette Cassette Cassette Cassette
Time/Tape @ 100 mbps| 40 minutes 64 minutes 128 minutes | 15 minutes 14 minutes
Number of Passes 3 5 10 1 1
Maximum Storage 240 Ghits 384 Ghits 770 Gbits 85 Ghits 85 Ghits
gobe Cost 2 100 mbes | 4375 $156 $1.49 $12,50 $12.50
" pe . Note 1 $6.25 : $1957 $19.57
Certified TapeCapacity
Rewind Time 1.8 minutes | 4.8 minutes | 3 minutes 6 minutes 6 minutes
Sources of Tape Multiple Ampex Only | Multiple Multiple Multiple
Bite Error Rate 1in 10° 1in 10° 1 in 10° 1 in 10" 5 in 10°
Reverse Playback Yes No No Yes Yes
8000 hours
MTBF Sandby | 2500 hours 2000 hours | 1400 hours
tape time
MTTR 15 minutes 30 minutes 15 miﬁubes 30 minutes
Head Life warranty 5000 hours 2000 hours 1000 hours? 2000 hours 5000 hours
Overwrite or Bulk Er.
Erase Bulk Erase Dur Write Bulk Erase Bulk Erase
Height in 18”-Rack 22.6 inches 12.25 inches | 17.2+TriPlex | Full Rack Full Rack
. 67

Weight 52 kg 40 kg kg+TriPlex 341 kg 330 kg
Power Consumption 650 watts 410 watts 550+TriPlex 1600 watts 1500 watts
Product Maturity 1yr 5 yrs 10 vrs I;rz%_ll

Note 1 : This type of tape is not pre-certified. BER is guaranteed with standard tape,
however a "dropout analyzer” can be provided as an option.
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(2) Y=z o# o] 71&%A] (Disk Array Recorder)

23 odeo] 71&§FA (DAR)L A%, fraA, vl FHAA & A dH Y
AAA A Zlgolth. F#9 HDDR 7ledl vmsty, o8 7}A F4% o]F& A
T3k FAFAAM M Fasta w7kl ARE A4 GeHa A3e JEs ¥
A% FRoltt. o|FA= AAZL Holelgd AT ATE RYAAFH, FF9 A
ZAE 9% dojg AF 9L AT JAdE < Fe nHEE fAg
Holx 71§32 (HDDR)7} tii-E oo, o|FX&= 14 %ol aFH A3d
A1 dj&e] mrlola AA WA ol olo) wE) goerE IY 579 #
2 Y3 offe] 7&FAr $Fs 4%, A=A, ¥4 WA HDDRE& F7Fst
A &8 Aol

————=»{ Serial to Parallel = E

Converter

System
D Display

— =

-y
RAID

Archive
fope

gl 57 cjAa30{8o| 7|BFk]
(3) "Hiolel A& 29X (Data path switch)
233 7H53 AAH 29922 oy 1R JYgeziE uSgd FHE AF

3k, tholube AT A7)E, W (broadcasting) 715 E Qo] A& 49L& A &3F
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L2 493,
- #4171 £¥& HDDR £+ MMSPS d8o2 dZdsAY A0 25 a7
- HDDR®] £38& MMSPY dgoz o4
- HolEt B2 2919 28 wAly] £¥¢ HDDRoY H|Eda AA4r]e
Y Yoz A7
- MMSP A1d " 24719 288 el A28 Ay Wzr)e o] 9
- HEdH A7 €& Ay Wzy] 9o d4F
- ¥ Ede A7), 47] E= HDDRY 28g HEdzy £A479 ¢
a4
HDDRY] £8& & HDDRPJ YYor AA
3% 582 ol g Hojgl A2 A9Ae TAL Jehd

INPUTS OUTPUTS
DATA & CLOCK o[ —=° | DATA & CLOCK
HDDR #1 0, FRAME FORMATTER
OATA & CLOCK :ffa§s§}___ DATA & CLOCK
—0n O L HDDR #1
HDDR #2 ?_0 ‘
¢ =N\ DATA & CLOCK
06 b HDDR #2
DATA & CLOCK —o
DEMOD/BS #1 | * ;
2 DATA & CLOCK
<q§ﬁ*$;x>—-- TEST MODULATOR
DATA & CLOCK o :
DEMOD/BS #2 :
DATA & CLOCK Tx o DATA & CLOCK Rx
DIGIT YBACK s v‘$:x>———- DIGITAL TRANSMISSION
GITAL PLA : ANALYZER
TRANSMISSION i
ANALYZER —O°® ;
CONTROL
HDDR #1 IRIG /,/;Zﬂ =m0 L]
HDDR #2 IRIG //?3’
TRIG-A INPUT
IEEE-488
OUTPUT FRONT PANEL FROM GSC
INPUT
8 58 CHIO|Et HE AR Ex
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(4) Ao} A (Local Control Module)

o|FAE dHlolet A2 24AE A% Ao F4o] HH, PC2 FAHHY}. 9
sl adgez veld FA2E nhe22 A o8 ddsiAg, dd
o =3 oAE] AAHY dole wlol2E fX3d HolE A2 A9XE A%

fr

_;1

6 2E8 94 A8 FX (Modular Multi-satellite Pre~processor)

o= TFF AAAM L= 4l HolEE TrlYilY Holel XNa Al
L2 Byy g9 75§ Y3
=z &713 (frame synchronization) ¥ HDDTOIA AMA=E A dlolet
(raw data)®] serial-to-parallel H3
g /Hl ol el decommutation
Rz dlolety & B AXY

- 34 Holel FAA £ ¢ A=

- @94 dlolet € REzulolete] Xul® 2 dHolel HPr Aoz A

- Z4E A= dolelz He) MWD Aol g4 A

- Quick Look 94€ A% GAvloletes HENEY 2 A& Agr2den

o A%

e o83t MAE FAY 75l 2ZE Y (Software Universal Frame
Formatter)2 F# =] ¥4 Holu} fAAA sl=do] AFd vsf 43 4%
< LHHAE dFolth AZE = TuHE TASY Yazg oA A
Ao 37k MAT FAZ e AP Uy + Ao

(6) v]E 2 Al¥AA (Bit Error Rate Tester)

A" AE EAFAR $-5A712 FAE 44715 A9 150Mbits/sec7}
A pseudo-random A1¥ HHE AASH FAE HHe g4 A} vmsiA €
o HE o2& jitter levelel] o3 2 o|FAE A4 Ao HEESG A
deo] 94 ==, Loopback Aol o] &} HECZ A¥AAE AZAA
7] (signal generator)d| A 8 438 AFde=t)
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(7) A7t B71%A (Clock synchronizer)

A=Y A A gl gley d7iAE Holg F£41 Al2Y R JIEA~
o] A7t ARE AT Eol] A2¥ (timming system)S @oldtl. ol
GPS 44171 & At 2= AN 7%5E 7t AP UTC AIE AT B
A= AYA7E GPS FA7I28E UTC A7+ ol RIG-A FEHj2 HEgdr. 1
4 59 Eold Al2¥e 4L BoFch GPS FAVE bAdR thEe 7Ed
FeP gt

- 383 g9 dolety YE (HE, A%, 1E)

- J8g A7 AR HE 9 (AT Ao A2 A

- IRIG-A 98¢ #% UTC &7 A&

- 25m, 0.25m/sec A= AlF

FOLDED
DIPOLE
ANTENNA

TIME CODE 1 PPS
RECEIVER
FROM SYSTEM
CONTROL AND
TEST COMPUTER
“u 5 Mz | TiME copE 488
5 MH DISTRIBUTION
REFERENCE AMPLIFIER | ™| GENERATOR
<'
§ MHz )
@
STATION
DISTRIBUTION
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4. Holet Mg A&

AolA Y53 44 PA AB2RE 448 ARE 3337 YsAE Am
& A8, E#33 CCT, ¥, A, AE 5 AF AFL A% £ 9= e
A B 88 ABAzdo] HWasit, FAFL JHOTHE FAEE d
T el FAARE AL B A AY A what A&eA M sol stm
2 34T AP Alzde] aTd dHlolg XNy AAdHe Fa s5e oo
2.

- ANE &ZEJole F HFY A s HDDRo|U EulE = e

raw data® Tol Melste tiaze) AR,

- OE AYFo2REY EE CCT Bt FEIYA ¥e9) raw datad o}

S kia=

- Sl e A} EFE RAL P (LTWG 4% 1~10, CNES ES
FE)

- L2 RE 49 raw datad 32 Aolg 8 3o,

- olE¥ AE AY AFL ABFEHY gloew AFAHA AFY 48 AR

o3k 2tk (24 MFLOPSS] #HFE A 5329 d)

Landsat ETM/PAN (132 MByte, simulated data) 70%
SPOT (level 1A~2A) 208
NOAA/AVHRR (full scene) 108
ERS-1 (full 'scene, 100 km x 100 km) o8
JERS/SAR (full scene, 75 km x 75 km) 65%
JERS/OPS (full scene) 25%
MOS (full scene) 20%
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¥ 54% Holet A A2 -E2YHL Yepdn.

# 54 C|o|E} Xa| A|AHS 2 - &3

T o S

- HDDRZ #-E ¢ raw data
- XMEE RE 9 raw data

d
-CCT, 7}E&A ®£¥ CD-ROM #Hel¢ SPOT, Landsat, ERS
949 level 0 Ex= level 1A Hlo)E}

. - B& wlAl (CCT, cartridge, CD)

Z 9

- hard copy (AHA, H¥)

7b st T4

dlolel g Al2’le] s=gole shte] F HFE R oy e faxgeld
oz F4®. 2¥ 5102 dolg My A2y T4 & o Y,

AlEE TRL oj§A aF 3 aFEHE A2 4ed we 2HAA HyY
F2 o Iz AER TAEHY & tlolg M AlxHd daF =4
of 749 dHE HAET.

- One Silicon Graphics Challenge X1/150 MHz/Dual CPU

- Disk drives (9.2 GB)

= One X-terminal for production manager

- The Silicon Graphics Indigo XS/24/100 MHz workstation with local disks

(1GB) and large color displays
- One size A0 digitizing table (Calcomp 9000)

Ethemet network, cables, adapters

Two 8mm Exabyte drives
One %" CCT drive
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IS Image Assessment C - Station
IVAS Management
o MV 3400

20MmB :___
STX T i

Model 501

Frame Sync D
g -
N 28G8B
E
T

Image DECServer '
s Generalion 1 a0 LG31 Line
WAS STAR ] Printer
VAXB000 || VP !

Model 420
M ET!XW Bl Optical
Vede! 5 38ls pucal
Frame Sync 1 Disk (2)

Film
Generation .
Cirrus
. tnée;w?ém Film Recorder

@  HSC70

02l 510 ojole Xl Al2R TAQl of (LANDSAT)
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One CD-ROM drive

One CD recorder
One 650 MB optical disk drive
One B/W laser printer

One colour hardcopy printer

- One screen dump printer

One PC hardcopy preview station
- One X-terminal for customer order module

- CDs, optical disks, 9 track tapes, 8mm tapes, printer paper for Kodak

One Ethernet bridge

One X.25 gateway card

(1) = FAFH
%7I1XE Silicon Graphics Challenge XL& o2 =tk o] Al2"e AT 4000
Dhrystone MIPS¢} 504 GFLOPS®] 4%& 7tx9 t}g¢ £3& 7170,
- Dual 64-bit address and data path
~ Dual 64-bit RISC CPU, R4400 series 150 MHz
Dual PSP chip
— Peak 250 Dhrystone MIPS and 48 MFLOPS
256 MB memory
- 32 KB onboard cache and 2 MB of secondary cache RS-422
Ethernet
Parallel Port
3 RS-232C ports & 1 RS-422 port
5 VME slots
9.2 GB total dBk space
- X.25 H/W and S/W for communication
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(2) X-terminal

AF 4B 9 Al SR ARHA tgd JFE FEER.
- HY FE R A2 R ALY 258 AT AF Y

- € 39 47 Y A

- 29 4F 7Y

- 94 Z2aHd 87 9 o 879 AT

(3) HazdHoelA

9] Indigo XS/24 YasHejdez FAHET
100 MHz RISC CPU

8K data/8K instruction cache

32 MB DRAM

1280 x 1024 resolution/24-bit full calor

I

8 graphic overlay planes

1

1 geometry engine

19" color monitor
1 Ethernet port with TCP/IP
1 Ethernet SCSI T connector / 2 internal fase SCSI II

Centronics Parallel port

- Diagnostic software

- Operation System, C & FORTRAN compiler, debugger

2}7+e] Workstation® #lolth 94 dlolet %3 944 dlojele AsA 5o
B EAE 9% BE 2 % JIFER o dasdolddA AFEG.

(4) =golH
5 GB 239 tapes A U3t: 29 8mm Exabytest #thel 1/2° HolZ &
glolH  (6520/1600)+ 3dtthe) CD-ROM EdelB7t F HFEH dddH,
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CD-recorder® H<&® T},

(5) Hardcopy (<)

Kodak XL7700 color hardcopy’} A QE&d 85"x117 & 117x11” A3 A & A9
3, PC preview systemoll FEEHW, 9 =& 24-bit B2 AL 28 5
ot 4 AHE 2ZEHY (4 : Aldus ProtoStyler)& ©]-88to &83l7] Ao 44
ol vt thH] o 2FAL T £ lom 400 dpid] AFER 3.72x4006 27| AL
85"x11" UstAel 4096x4096 F4-& 11"x11" 1A &8 753l

. dlojet A Alad AZLE |
Heoltt Mz Alxgel £2ZEo= Hlolgl o] &xte] 8T, A7 AlA®e A
Tl we gAY, diEe AS Adzyez Ag®E AFE  (Commercialy
off-the-shelf products)& A}-8-8t1 It} tfRE 9 AZEg ol Holgt A7 Al
He] F AFH A T A3 £4E& A% SFE 94HA AZEHoE
HazgelddA AT F AFEANN FFHsE 2ZEHY] dE tdeF g
o 37 5112 Holel M ALY AT EYo0le EEEE velid,
- AF Aol 2E (Production Control Module)
- 718183 BA RE (Geometric Correction Module)
» Landsat 9148
« SPOT $14&
« 7IEl 9143&
- #oltk %3] 2F (Radar Processing Module)
+ ERS-1
+ JERS-1
* Radarsat
- 94 =239 RE (Satellite Programming Module)

- 17 —’r‘—f‘f'r: B2E (Customer Order Module)
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gEEe] AZEJE UNXE 7lEo2 & $49MA AdA Szsin,
X-windows/MOTIF interfaceg X 93} 4288 MS Window AdlA FA sl
PC £ZE{ A= FFstd o F/Y oju|A Tul& AHsix Ut

- Generic binary file

- JPEG
TIFF
XWD, XBM
ERDAS
Sun Raster

Silicon Graphics

Encapsulated Post Script
SPOT image file

------- A4 &9

[%@zgzwg 2E

HEH 28 | > AFHLE EFA/ ALY Bajx

Z,’E'?"fl*]@ }/ [_7‘}'51'_‘_'}.1 Ay o

[ww nA 2

i

AGFAA QA [aﬂold A9 25 |

02 511 GO|EL M| A|AH 83T
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(1) A|E Aol 2E (Production Control Module)
AF Ao REL XN4F & 7%, AF Ao € vlolg we|~ BAE 35
o aY 5128 AFE Ao REY 29 MAE e

AA o)L=
ephemeris &8 A E A F
Ad AR
Al o /A A | BROWSE & Q/C AR
Formatter | <——> < > < Browse A} 4
A= WR e | AEFA Y 2 FA#%d
Al o]« > |2 E
Ao |AFE| AUER MWD il:rL
HDDTs |{—— < > > MWD
> JF AojHE] H&
ol g2k
olgz [<— &F
>|FE RE
AE BA —>o1 g7
I
A A} e
AA A4
= HDDTs Labels
9
Blole} %
ol Eat=) < —> | A FAA A A 0] 82}
dlojeluol 2| e 2 2A AEF
F}el 21
raw, browse
dolus
Ag

Browse AJ A}

38 512 HE Mo 2ZES 2Y e
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AFE Aol RES F4 7%e ved g

- AF Aol 2g9 Holehyol &
BAY Hole Wol2E 7|22 IA, UE dolel A, AdH € Y FE
e 2E 3tde W3 5L B3

- Hlole} Welx #e AFE g A
AR BY A2 2GR FF AHE YRS FYsied Yoy v
olet & R A A, diolg Holx A R AF AYL AT Fy
eE ZoFE gAdclel # olya, A FAY, gainbias, AolF
(control points), A &, Mz e 2 F&A, 94 o8 & #d AR
E #Es, LA 334 2 AR AR g E sYEg.

- o]lgx o ¢ g7
¥ 5139 Flet2a 4 =& F4o| el gl

- ZA 31 4 #2 (Scheduling Workload)

- QA B A

(2) 718188 B3 RE (Geometric Correction Module)

SPOT ¥ Landsat 914 d|°|e}9] Geocoding ¥ Mosaicking 71%5& &34
e AE7E AQ ol gdED 1Y 514& 1Sy By 2y 72
WERdTh o] Al=%1& SPOT level 0 % level 1A HlolEst Landsat ETM level 0

HolElE Ydyog 3ty M3 T RE EF A £322 Y 4 Y. ¥ 55
© SPOT ¥ Landsat "l°lEgle] Ha] 4£2& Jeldr}

(1) Radiometric correction

Level 094 Level 1 £ 29] radiometric correction® SPOT A °]v} Landsat

A4 Holg 2% FYH Ae) Bl

o] raw data®l gain®} biasE HE3 Rz Z4zte] MM 2 detectorol 3F

9] gain® bias #kol Utk o] ¥ A dlolele] radiometric correction®] ol
Landsat®] gain¥ biast coefficient & telemetry data@2HE| AArE]ojo} 31X
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..............................................................................

\". ‘,... ~‘.....A ' %ﬂl%z{]o} Hlolel H& }______9
%?ﬁ%—?%-’r‘-’ﬂ][ﬂ—ﬁﬂ;iiad [gﬁﬁ-gs_ o] &} ?,l';] [Zji:li%llg-?gﬂ }_9
Helet &4 {ﬁigg%ﬂ% >

...........................................................................

(. )
g
=
=
i
e [.
£
3
1)
f——

J8 513 FIERO HM 2E

gk SPOTS] gain ¥ bias coefficients T#2¢ CNESEZRH AF=He Holtt.

1) SPOT Level 02 %€ Level 1AZ9 BA

Detector®] normallization®] Y3 radiometric correction®]™ dark current gk
3} interdetector gain® Ab&-3+tl. ©] dark current ¥ interdetector gain® CNES
2RE d 23 AFHH Z SPOT A4 tistd AR 7135 FEST. Dark
currentd ¢JAdo] WL WA g 4 (eclipse)dl U2W Z detector?] current ¥3
2§ YELRH, interdetector gainol@ Wi Y WA=, A FAFH AL
ez 7Y% sourcedl W3 Z detectors ¥HEE U &yl A AT
detectorel]l AEEHE FdFHA 7IFAE Ve
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E 55 SPOT % Landsat H|0|E} Xa| $=&F

4 A R R A g B! £
0 Decommutated and Synchronized
1A Radiometric (gain and bias)
1B Radiometric and bulk geometric
Radiometric and systematic geometric
2A (Warping into output cartographic projection using
normal satellite model)
SPOT
Radiometric and systematic geometric
2B (Warping into output cartographic projection using
satellite model corrected using GCPs)
Radiometric and ortho geometric
3 (Warping into output cartographic projection using
satellite model corrected using GCPs and elevation
model)
0 Decommutated and Synchronized
1 Radiometric (gain and bias)
Radiometric and bulk geometric
4 (one dimensional resampling along scan,
pseudo-cartographic space)
Landsat Radiometric and systematic geometric
ETM 5/8 (two dimensional resampling, cartographic output, level
8 outputs aligned to cartographic axes)
6/0 Same as level 5/8 with spacecraft orbit model improved
using GCPs
Radiometric and ortho geometric
7/10 (Same as levels 6/9 with terrain correction using an

elevation model)
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Level 0% Level 1A pixel g9 $EAY FAE Via=(Vo-c)/gel® H71A4 Via
£ level 1A9] pixel #ko1™ Vo level 02 pixel Zkolil, c= dark current Zk, g&
interdetector gain®|tt.

2) Landsat ETM Level 02 2% E Level 1 229 RA Landsat®] 7%, SPOT
B} B33 radiometric correction FFE AX9 2gtA 2 FAAE.

7} lamp image preprocessing

1}) determination of the absolute calibration coefficients

Lamp image §4< EZ 923 dolg}t Fo Eolglen, Hoel Ho|22 ]
B At 194 23¢E $9L2 g A

- A8 49 AAE

- W Fyulelere AAE

- Az A ZA

Detector®] equalization (calibration) coefficient g &9& g3}

- Pz Zp Fefol s detectorel &3t lamp ¥/39 mean radiance® #A
raw image®ll Al detectore] €3 mean radiance®] 273
detectorell 2]3+ equalization coefficients®] 23

- equalization coefficients®] normalization
az8A Vi=(Ve-b)/g7} HE&EHW, A7A Ve level 09 pixel ZkolT, be
detector bias, g= detector gain®|™. 2} scene B & detectoroll W3] stte] gain

9 bias X7} ZA 3},

(1}) Geometric Correction

Landsat ETM 3 SPOT c®lo]eldl] th3t 713133 HAL oWy EF levelZx=
B3 71%ss XA Aold (Grand Control Point)e] ¥5& AlYstis HAHH
o] =% AE3Eol QUtt. RE H$dl cartographic projection, datum and
associated ellipsoid, 223 resampling method® A"gg 4+ Aot AL 73
projection 7'M L.2%E RSO, UTM, SOM, Mercator, Lambert Conformal Conic %
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o] 91t} Reference datume WGS84/GRS80 Al&¥olH, A8 7153 resampling
¥H 2 nearest neighbor, bilinear, bicubic and 16-point convolution &) 129,
Y Az e AY JMEditt. 29 514e 713y Ry REY FRE JEY
ot

1) Ao}x YE (Control Point Acquisition)

Terrain EA & & AL Ao 28 AFL A AAE o83 AlojH JHL
dag ot A FEE HolE UXEAG ALE ol &3tAY, ¢ A4 &
g JlHER dYsle deth. A geometric Rl AAEA A 7HF
8}1, least-square refinement Y12 && A4},

'2) Geometric Correction

3} dlojelol HLEE 718183 BAHL ortho-correctiond A3t 3714
B flen ¥ 563 2t

#* 56 7lotEy HHY

. ALS LTWG Level SPOT Level

Bulk 4 1B (and S1)
Systematic 5 8 2A (and S2A)
B Precision 6, 9 2B (and S2B)

34 dolgtl EASE EAYD 5% g2e 94 2 AMd mat e,
thgel RTe Tstm Qo

S ERE
Ao A

- Mirror Scanning

Mirror jitter

- Panoramic distortion

Sensor offset

Bow tie
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[ABAAZE B Je-eon] 00 us
ﬁmw O]
LR
. ERE CE
|m o } /;:—X

HolZ &9

stesly) £9

» v

.
3

7188 niy

Radiometric
Corrections

[ HDDREZ H-&le] AHxe| |

-
.
-
P
-

[cmzs-em CrE

A Ao Y B A

YA 2l

a8 514 7|5tEN HEY REQ X

3) Relief displacement correction
ortho-correction® F&td|oleld] h3 F7l9] AHIAF L FHAdck aH(AY
ortho-image= DEM& Al-&3le A=t}

4) Mosaicking , ,

georeferenced =& geocoded ¥/Fe] AF mosaicking 715& AFsH HY
mosaic2 258l mapsheets® F&3c}t MosaicE AL FYF HAFAIAH ¢l
ofok 3tm, FHFEA oA FUF Wololof 3t FUY spectral Y HAE
o]ofof 7} 3ttt
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(3) #eoltk A8 2E (Radar Processing Module)

SAR 94 Ay Az Egol& ERS-1, JERS-1 949 dHlolels {3 3=
o] AlaY AL ¥ 5159, £AZESIO AL 29 5169 el Qo AE
Aol g 2 Holel wol2= SAR (ERS ¥ JERS) X3 AZEY Y§ F4
H&Foim 94 2 A7 Helveet ¥y g A8 HJRE AFstn HAsE A&
9E& g o] Al2¥e Holel A7 EE client/server TEEZE LA 5 o
Aem, golHz g Frlo] AFHO AT thE L2ZEHO REC] SAR A
LZEYolE HolgH o]AE T3y A AT 5 JYEE )

- ol & e H ol =
MOTIF/X-window ZLE#{¥ AHgAF ABEHolAg o] &
TF EE W3y 9L AL

SILICON GRAPHCS W4D 3108
- LAN
GPIB
[1CONTROLLER PROCESSOR | [ MEMORY | | ErERNET
CACHE
~— HDDR T
L1 I
FRAME | |pata 1npu SCS! CESAR=3 _
SYNCH |INTERF lﬁgf} Nt CONTROLLER INTERFACE

l
l [
CESAR-
cor | | EXABYTE PROCESSOR

DATA STORAGE  SY$

18 515 SAR XE[A|AR St=EH0 T (ol)
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DATA INPUT SAR IMAGE SAR IMAGE INTERACTIVE | | PRODUCTION
GENERATION DISTRIBUTION OPERATOR CONTROL MODULE

|

SAR DATABASE
DEAMON

DATABASE:

COMMAND | SATELLITE & 1} sTATUS &

PROCESSING
QUEVE | PROCESSING | EvENTS

12l 516 Radar Xz ZE 74 (o)

- dlolgt Y
zZY Y Er3A 42y A2dozREY Helelg UYLz A
(ingest) UNIX 3¢z A%}

- SAR ogig- /g)s-]
goltk X7 REY F REZ, SAR ¢= % dolg 2UH, vy A4

2 SAR ¢ FE EFE

- SAR ¥/ &l
ERS/JERS CEOS Eul# o] §F SAR AFozA HAF IUHE S35
™ CCT/Exabyte Blgo29 W 2 g A2y Eg29 vojg % AR



A5e FRU.
th&-¢ ERS-19 M3 $£2& Uit
- 71¥ ERS-1 SAR #7]X
- #3¥ ERS-1 SAR
- 914 HZE ERS-1 ¢4& 418F
- Geocoded ERS-1 SAR

(7} Geocoded Levels
Ellipsoid Geocoded Product FA& A&3l7] §8 2 EF o7} A|FHo)

1) Ellipsoid Geocoded Product
% @AE AM ERS-1 SAR 94-& ERS-1 SAR Ellipsoid Geocoded 342
2 AgdE
- A= seleg FH ¥
World Data Base (WDB) II, Vol. 48 Y822 39 &4 A 9E& map data
fileol A ¢} A= ¥ map projectiono] WA ZITH
- A= dolgg FHFH. '
Equidistant azimuth time® A% el JE(HA], $T)ZFE A3
- AXE geometryE 4|3t}
- EF AR gy dee 44T
- FE A A2HE %0
- Mapping function®] A4
- Warping 2
2) Geocoding with GCP and DTM
A4 Ao]H (Ground Control Points)¥ UYA® A¥ EW (Digital Terrain
Model)& AHE-3te HHE AF 753t
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() SAR A3 ¢323E 2@ Y
ERS-1¢ 7|22% Ay 4ndF 2 71¥€ 7€ dog A &ZES)
o9 t& nEFY FA= 29 51789 A

[11]%-11101_‘?.% chd } g W
tlolel 7=

(HDDRE—‘?'—EI Ay e }
ghajul & MJ

CD-ROM 29

A

[%Jil’ei I’MJ [.c,ng;'dl =R }\{z]/gzﬂﬂ’ﬁ Z A ]

8 517 CiolEl Mez|2ED El ZEDe] 2HA

1) dlelet ¢

Holel 9 715 F AFH A& Hasoh Tol FrI3r|oke] E2lF A2,
SAR HolElE F HAFEHY f2zd dAHoz AFse £ZEH ¥ SAR U
olelg Tz UM YolEolEe eolHEd Fdez FAHHG EF CCTH
AR raw SAR data® gz wol Y4 Ul
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2) & A gA
194 @ sehulg A4t
- EHIE EE ¥y FR &
- SAR dle]el #ol2zRE Hag Az Ax ¢ A veleyg 33
- =& g E ALt
- intermediate annotation A4t
29A ¢ vulE By 9 =
- SAR HIolE}E A EulolA 32-bit A3 EHog Eo
- SAR Hlo|Elg HUAA-=&Y gdnEoz ¢}
- SAR H°lElE 914 EE ETF 43na&oz ¢=3it) (MdgAreh
- AA dHelg2RE Y & FFsA ALd =&Y HEvEHE £3
Eid=d
- 4&dE F SAR 948 AA%IT)
3gA - 2EE
- skew correction slant to ground mapping, re-sizing of range and
azimuth pixel size 5 ¥A 3 resampling FEE A AH3},
- 97%& map projection®® HF3}7) 943 warping function® AL
F8 o). (AL
- ¥ 4F SAR Y4 =2HE resampling/geocoding functionol] uwhal 2}
3} resample 3t}
- Detection of looks, calibrations and look summing <3

- 3 annotation®& AAMsY AF J4 33U Trlo) A3

(4) 14 Z2a9Yd EE (Satellite Programming Module)

dlolel 48 2 WA AP AEFE Aol REAA FYED tlee AEd oy
& a7AE dAHAYE FAgsEty] A% vlolel Holae XNAF Alo] HFEHAA
g0l AF Aol REE AT A4 Z2aY REL o Favit 49
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AT Aol AE Adulel AL ks 94E A% FEET 94 zzaHw
< F AFH el EA5H AF Aol REL AZEJ 9 AE FIAEG.
T8 (Scene acquisition request)= AE Aol &9 W{FE T o|F9
o T AEel Ui sojE HolxE T A AY I LZESAE
AA don, o] ZZESolE AT Ao HFEHA Atk "WYY, oF Az o
# AR F HAFEE ASEH AF A 2§ & A4 z2aH BEAA A}
43k AT Aol AFE Fgdole 94 el U g siHo] vEhdoh
SPOT 14el gk =28 a7E X256 F4A%e 539 A4HA v R
2 A

- ARl FR/ (AN, A 2e UF e

- EE} ZE (& EW &, EAAY B

- ZAZE gLz, B4 1%

- A2ME"® ®E : Pan, XS BEE °oh7<]- LR

~ ZAMY 43, oblique, 2HH L

- Multi~coverage17t, obd7}

- TS5 Aq9 ALY 943

omg FH FEE AF A RE TL AT Ao FFEHAA gAH.
Landsat 144l t3 875 FAXE o|&3ld olfo{att. nig, g B¢ &
A 3Hg AA FF A2" (World Reference System)d] A3 W&oz A3
o AF Aol MEE BuA €rt old g §EL A FAXE F3to o|Fod
23

o
(2

e

JFE
EN
1o
k.

%

(6) 7 FE EE (Customer Order Module)

a3 AF BALY &S A8, 5 HFed dEE X-terminalo] AFE
o 58T Aol o= AFH HNA Al ZF HEo HE JUg
HosA dd 14 FE Zg9 94T viaE Holg WolAF XS Qe
F AFEE 23 3k uAge] did diolel Ho]Ax uliE dolEl W o]z
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ZAET. Fletza AN A2 eb@7AE A= Ftet2a vlelg wojx
od Wi HAY 8F 717 EF AFE ATE O Holg &FE ¥ 1A o
gAY FE HI7L FoHE, 249 o]Folvt &% JHeE AQYHIE ¢ F
Jen, ol& ol& AF Ao HE Estd A FE Ui FuHE I +
ATt
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A3 A A Fl

1. RF Subsystem

- mainreflector
- subreflector

- X-band feed

- X-band block converter

- channelized down converter

- demodulator / bit-synchronizer

H 57 RF AMEA|AH|Q X&

X-band feed
3 2] Corrugated horn with mode coupler and polarizer
Fup4 ¥4 8025 ~ 8400 MHz
b ] u} RHCP/LHCP 41#, 105dB axial ratio
A 2" G/T > +35dB/K (6 ° 42

S-band feed
3 2] 5 element dipole : SCM coupler
Fu4 H4l 2200 ~ 2500 MHz
¥ i LH %%+ RH circular polarization
Al2¥ G/T 230 dB/K (5 ° 42)

Block converter (¢Hel vl $1A1%H
A Fh4= WS 8025 ~ 8400 MHz
28 F4 WY 2370 ~ 2745 MHz

Spurious signal level Hd| -45dB

Channelized Downconverter (A]oJAule] $X))

A48 F4 ¥4
29 Fu4 99

2370 ~ 2745 MHz
620 ~ 820 MHz

Spurious signal level Hd -45dB

Demodulator/Bit-Synchronizer

AT
29T
tlojel ¥e)
v E o2&

720 MHz, 700 KHz =&%] ¥4
~-10 ~ -50 dBm

BPSK, QPSK, UQPSK

25 dBeld] (BPSK, UQPSK)

2.0 dBojl (QPSK)
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7F X-tY A= (X-band feed)

FY AF3E feede UHIY reflector, LANT ©l 8o} 8025~8400 MHz th ¥
AAAGA G/T 35 dB/kE AF3}. Mode couplers RHCPS} LHCP 428 RF
4218t Rho-theta 7422 MA o FAHAHEL A AM #zxd &8&
t}. Corrugated horn, tracking mode coupler, hybrid polarizer/OMT, track channel
hybrid2 T4

1}, S-tY F= (S-band feed)

QL] AHA (apex)dl AX31H 5 element single channel monopulse 4]
2 AAEHY th. 33 AMI AGCE Ao4dd e HEY Alojgx] (ACU )2
B A S-thY 4139 AF FH o] LHr).

t}. E& #AWE (Block converter)

X-dyg A5E Y¥3ty S-ty Fas HHAZ HEdd. dele Adad 4
o2 AWd AdA Ex2 AlFdEdy. 3 Ad local oscillatorg ©l83tH X-
4y Fue A 998 @Y F3 47 RF U9 9922 Afsit. A HA

AL loop testE A3 upconversiong A F3Ho)

2}, Ald #AWE (channelized converter assembly)

Aoj Ao AT ANd AHEZRE 23 FoF Ho] ol MY AY
H7l AFHH, olF iz FAlY u¥HI Adeln uHzA sus AE
upconverter Mdeolth & AWEE P33 2HEYY Yits FEE 720 MHz
& FHeE & 29 AHEYCE WSt B2 dY doz BuA "o

n}, dolz2 e MHIAEHE (Dichroic Subreflector)
X-tg3 S-ty 9L FAlo AY3l™ hyperparabolic subreflectorf ol 43
Mol X-thY resonant dipoles® 7}Ae Fu< AHAH XA (frequency selective
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surface)2 FA €T}

v 33 $417]

S-tY F3 $Al7l= Microdyne 1400 MRA telemetry $417] 2 2185~2485
MHz S-t}9 $1 =& 1600~1750 MHz L-t19 Fuz FA"ch Plug-in %)
¢ 12 MHz, 33 MHz, 100 KHz tH9Z<] 23} IF filter® EF3}T 1o, 3¢
%1% PM demodulator @ AM demodulator® Al&3ch S-tY £4& 9% IF
filtere] A& wloje} & H|E AFo F3 a7o @3 Utk 33 MHz g
Landsat ¥ S-tH9 spectrume T 49 FHo| ALSEHH, 100 KHz Hj9Ze
SPOT A €9 9149 X-d9g v¥|E& FHst=d o]4d8h S-Uy FAE v
AWA flo] RF F35olA B3 2" 23 234 9 2200~230M 3
B Holn, feed filters] el o3 HAD =E S-tg FA7E 7SFRYG F
£3t7] 913 Y= AT F3 FAE £ WP PM E=E BPSK B2
€ 719 €454 tolgtg A% dHole F4lViz: 5AE ¢ Ik X-HY &9
€ M e F3 FAVE 2370~2745M thANA F2Foh Feed?] 8025~8400Mk
Fo¢ fge] X-thy &5 AMElo] o8] 2370~2745Mr o ¥R tLAWEHE
. 41719 AGCS EAE AM 39L& ACUS dZEH, ACUANA 323 a8
HAE AM 2352 B33n AMB Az o]&%th X-tY $9& ¥ IF ¥
B lge 2ude tojg A3 T& uae o= 28 2AHst=sle] g Mdg
o 12 S-S Hojet AEE 2XY o WsA e Holy Wz mRE A
A7l S8 AMgET gl FA) IF ggEZe] URE Fow Holg HRE
Spurious 3 AMR2 JelUA F3 AHed J%& & 5 k. 100 IF ¥H
© SPOT 947 o] H|E F37|5& 71A 49 HE FHAd AlgHT}

% 5182 ¢HY FF FAY & HAFH, 1Y 519 X-UYy HE Aa
qe J5EE BoF) |
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13 METER

REFLECTOR
: WR 430

WAVEGUIDE
X—-BAND FEED

DICHROIC QLV
SUBREFLECTOR

BASIC 8450 B
3 AXIS PEDESTAL

PO0027 revA
2-13-91-89/DS

E' RISER BASE

" P

WAVEGUIDE
INPUT

38 518 oL ARSI of
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38
NCILISNYL
JvINIB0 N=0H
oL 1 307200
m BYIndEid —\ Hoet
* — 43MT

jad
T1avoUt =371viod
ni=r @ QIZEAH

1z _ el

8P 9=3 \

tZ  ¥30A10 ZZ ¥30KId
¥IM0d ¥3IM0d
L83 AVm ¥N04 AVM EN0 4
N NP
o

J_vwx%.
Pty LAH
2_5 u..A Vﬂ z”_u., m w m w avol D_uﬂﬂ.wr
: T BLdd " M _vea®
¥ALYOY E2LAKS ANV

LsoreY 3SVHI
Z57rd LEg-xXS

ST of
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2. 718 @ AAA2" (Recording and Playback)

- 2UE 7|§%A (HDDR)

- dloe} B2 292 5 A=A (DPS)
- 288 U9 AAZZX (MMSP)

- W)E 2] A7) (BER tester)

- A& F 717 (Clock synchronizer)

3. Hlelgt A2

- One Silicon Graphics Challenge XL/150 MHz/Dual CPU

- Disk drives (9.2 GB)

- One X-terminal for production manager

- The Silicon Graphics Indigo XS/24/100 MHz workstation with local disks
(1GB) and large color displays

- One size A0 digitizing table (Calcomp 9000)

- Ethernet network, cables, adapters

- Two 8mm Exabyte drives

- One %" CCT drive

- One CD-ROM drive

= One CD recorder

- One 650 MB optical disk drive

~ One B/W laser printer

- One colour hardcopy printer

- One screen dump printer

One PC hardcopy preview station
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One X-terminal for customer order module

CDs, optical disks, 9 track tapes, 8mm tapes, printer paper for Kodak

One color film recorder

One Ethernet bridge

One X.25 gateway card

28 95 glolAE ¢ AW F S A4 SAx4Le rk
AR a7sE BEAGY B A4 ARE ATA € AS, 2 AR A%
23 a8 1 Aol Btk $3 ddke A n2e AW AN
NOAASH Q&S AR 7494 GMS-42%E JIAAEE £48kn gich. whe
A S8 el £402& AAY A4 NOAA 94 2 GMS 71494 4 A4e
gtaojo} @ Rolth,

- NOAA ¥ GMS Antenna ¥ RF equipments
¢HElL} Al2% W bit synchronizer, demodulators
~ Meterological Data Front End

frame synchronizers, support equipments, interfaces, softwares

Micro VAX and peripherals
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A48 8

1 A&" &9 HEA

FATY AYY $94AE b gon oY 5208 ol#3 A 94 A
A& Jehid
- o] gA a7
- A% A5 A4
- A 8T
- Quick look X
- AF A

7} o] &2 87

EEY 9 AAe ol4AT}t AFolv 94L aTFIIAA AFHY. Jelza
HAo] olfojAR, F T2z 7NEE HolElE JAAH M TAEZg oA
quick look g4z HASA "t @d a7E JAo]l AAH e 47
= HEY &Y wiAd olF EA &0 o4 FEo] $AHTE LYAE o4
A FEE JEsheY Arlde A4 TEeE &, 944, AA, 9A, 54
Z, A7t &F 2, Zﬂw%"ﬁﬂ, YA Fo] HAE 2 raw data’}t 3
o &Y FEAZ FAgE dole My Alagez HURA "ok %A @

& A, AYFES £ dosA 2o AAFEL $AET Bose] g
o g 87" AF] AFid glod FIAE 27H AEE A, A
A8 HAY raw datav} YA et E HFASA Ao

1}, 4187 (Acquisition Request)
T o8] 8T uh} raw data® FAYE Fast Yo, AT gL
AR AT % FE A0 EHE BAT FA ATAHE S, FAAY A HA
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29E o)§ £NaTE ne Wole £ AT A=e) g =4 a7
¥e e Axd yitd, £94E 25 EAE $UNES AL 380
golET AT, Y 4o R AAEE oot % z2agy aTE BE
of Buld BTk rA £A GRAC UeA HE ok sAGH U UHA
o) ol g-E.

t}. Quick Look &

Quick Look A7} &=, Quick Look A3 &7} dHolet ] A2 e
Rk, HDDTERH 944 o2 dHolel 22 full passd dHlolei7t ¢
i, M gEso] tiaze] AZE LHRE AZAHo)HdA 3E GH=
FE X AEE FrEA 59 g8 F A% 9 #E Azdez BuyoA
A4z stetzad ARHD =S YHET. Quick Look 94 #F tl==
ol A=Y LANE 3o td MEAZHAgA FAY &

2. CCT % #2229 AE A

E29 Y H4xEe AFol aTHH FANY 2TEHS] 2T A7 HolE
A2 Axdes el Atk AY FEY AYsh SEEW EE A A F
BA7 £9 BRAcdon soleth ol8Ae FRo| ga=HW HTA s #4
BuUiAl gtk RE Y FEL HDDT =& CCTEHRE S dHlolet dgge 275
o, AF AA st olAel FAyt PasA "ok oy AAE YL Fs
A AU, 9ge TS 3 57 2o £9xY MYe BeE I,
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External

A

orbits reservation

users protocol and
Images Acq. orders
Other mission |
Acq. Image Acq.
Rules Ordering
Catalogue
l—> consultation ,T No A
(multimission) v g
e
Multimission Images n
Catalogue acquisition HA Y f
N requesting acq. ?
yes © s
catalogued / s
image ? yes
YA gP/L

4

Product
Processing
Ordering

Archived raw
data retrieve
& calibration

-6

=

Multimission
Archive

Standard &

Value added
product

generation

\/

Q.o

Product Delivery

legend : == Image Data

availability activities &
GS Planning

Image segment

programming
confirmation
Y
YAbgl g P/L Ground acq.
activities plan Schedule
uplink

Z/{/ WAL
L | activities plan
Z///é execution

T

1 P/L activities
| plan execution

Space segment

Other mission

YA A image Other mission
: image data
data reception g reception
Raw data < Raw data
Inventory Inventory
& Archiving & Archiving
Multimission @
Catalogue
_—-)
Multimission
Archive
520 A= 29 A
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2. 43943 4=

7}. SPOT
D A8 429 2%

- d3}Y] (membership fee) FF 100,000+A& <

A& (HA FF 4,000,000)

- A& 448 : FF 100000 / 50& (7]& Au)x)
FF 300,000 / 50& ($-4 AH] &)
(] 1/4871Y 34 FF 1,000,000 &)

(2) AR o] & E (extraction fee)
- extraction fee FF 1500 + royalty

- royalty

CCT and other magnetic media :
For XS mode : 3,000 FF
For P mode :@ 3,900 FF

Colour film : 2500 FF

B/W film :
Per channel for XS mode
For PA mode

Paper Print : 220 FF

- 216 —~
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1}, Landsat
D A FA=9 B4
- a7k °]4-8 (annual fee) : $500,000 (Royalty X3})
- A8 °|4E (extraction fee)
MMS full scene("72-'88) : $200
TM scene('85-'89) : $1,500

Current CCT : $2,500 - $5,950
Photographic : $2,700

- 217 -



| X|&= AHA

o

040

-

Kl

Hr

H 6 & Ct
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H 6 & Cisd d482d Xd= A

A14d AL

g vtz 3 Ad949 $2d 1259 AggAEd 1258 HFHe=
WALSLR, 19953 749 FF3 T4l HEHAe dAME GFI Y +FAUA A
oEX Utk ol 3 AL Yolrt B3 Ay, 3hite #F F4 AYE FYse
THE-A AE94S 19949 119 1Y5E 19999 497X A, EALslr) 8 A
of YFFFUATAE T4 - 3. do] FFoz AYsta Yok ol WA
o EA d894E BAGT dEFH ALAH € ATy BESAYAM #3F
Heletg A - HEstr] A% A4 Algel FAHL Yok ArME B8 4
£A4¢ AT AA A ALY B4 FEE FIF NEE Jlesided, 9
A BE A 2 AR AR AL HAl9 olrt & £ S wHED

L AEe W&

A4 NS 8 A4 /W, S/W S0 wfo] sg=ojof gtk & x|
AT TEAR 44949 F Ao A BA, £AF £ JES AuEs 9=
o] AAE #F9A4Q SPOT, Landsat, ERSY 94 AEE 41, AT F Uolok
ot OEF A494e I FE HAFEMNL HHog Mg glon, Ay
ATNBLE FFFFATL, ARFAETE, A7 AFAHATAEL 8
I FUY JIdARE dEYE, T4, U533y, duvlend, d553d, 83,
Aol FAstn glon HAFFAE 71gez2E w39 TRW7F AAE=H ¢
o AGF AL AR HdFE Merlgd AFsS Adsor sy A4 B
2 HAAE WolFn A4E 5 e AT 4 g4 53 449949 3
AFF MLriBIAY Vg F2e ¥EA] Fasi.
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AT Ag GAL 9B A4 AE 4B R AYEE Fust] 48
4894 WA olAo] Algsidol sy 2R 48949 U7, WX TC&R, ¥
A Bo| B faol Mgyt

AR BASZH $AF02 UxE BAZL J4& FAST Adsiy 44
o A= AYE AT A4A ol@ HLHH, £ATL GEY gL
A8 B P 94 ARE A, 44, BHE A%E sAW SPOT,
Landsat, ERS 54 ARE AT ¢ gdofor ding.

BAZH AL B FHER USD BATS GE, A4 24, 9% A
g, o4 ABdolEE TR $Ae 44 A% 2L B, ¥ A4, 2R
g Qo PARD. AATL A @ 27) £8¢ Astd BA B F4 7
5% 27189 100 B A2 AZssAel o, 99 £4 2 A $Ee
GEH 4894 o AURE AYAAE AS FHEser Bk,

Ag2s HEfols WRE JUNOE AW FRY AL olfde] AL A
o e 2Y 4 9o, GER U444 1% JBE ms szl A
WAool g MY F2E M A29e FARY. dEUE IX M= FAE
2 glojor sim WA} B 214, WAA A, GAAE 2as TE 250~1000
km, ¥ 1500 km o1l $14& ALY $ lojor ¥k AZEd AL &
ZEgo] A&, ¢4 2ZEAC], 4T L Aol 2xEdC], Ay AEHA MY,
G4 Aa, G4 A4, BANMANE AR FEUY. ARTL B@] AP AR
728 7HAW 28 A2d, Teoud dol, LA B, AR &4, B HE
938 YA UNIX, C/C++, XWindows/Motif, SQL, DEC, TCP/IP and SNMP
5 AT A4TE AEdoz gdazyolie A4sE FR49 Nges
shiel gasdoldel e Azsdode AJ4e ¢ 4 WA Wk SW AR
& Coding, unit Mg, T% R M@= o] R oj Rt
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2. 449 A

ZhAN Y F T gEeRdTa

oA W oS AEA48 AT A4 4R ¢4 A
ok A g 7] 7E 1995 - 1998 (443

gAY W&

W oS54 deAMde i 34 5% 2 44 2 A8 § A
A A BAFT Al A=A |
- AHE Fobs 022 GHz / ¢V A3 1 4~8 m

B oEd 4894 2 78 AAS #2904 (SPOT, Landsat, ERS
$RRE GPRAEE FH 4 Adske JHIY A A=
A4 AR ‘

- AM& F3 1 83 GHz / ¢UHY AA & 11 m (13m &% 7H%)

ah AR AR AP YA FAHT oL E 5247
$392ATL WA BR

L AF Y R
W A4 3 A Qe 0 OO0 o4
H A E:00 94 (% 44

A AR 2R AY
B o= 2894 ATAGT st BA % £A2 A4 43,

29 A 23
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A '94 %5 %6 97 ‘08 '%9
FRUT 36/ 9123691336 9(123|6|9(123(6 |9 {12369 |12
AN~ %’?}léﬂl %kﬂ—‘?‘-ﬁlﬂ 2 A . Al =¥ %’ﬁt
7N
A
QA B A 7N oA H:t7“%
E R GRR o > EMZ FM 2
7N - — >
SRR
A8
A | FAA AL A EM Az
R EAL ) FM A%
< > HFA}
A
. [E ¥ AE 9F
TA=Y/ e — NM X R AR
AlE Al 9
AT AR
AA
Al gl
LS
-1 PR -
_3
Agz| BAF - -
Al 5
gx | =9 AA —
2 engineering
EEEXS
o523 48 A
44 "A} 9 A kAt
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of. 71th &}

o EA HEHAY A 2 AESFA A
° FRAAHA A4 F/BA 2 dolel FAANY ¢ ¢ k3¢ Fu= g
NG A= ALA 73EE 9 qarEg
° f4 3 FAN2W JleMds YA oo BAHE Fu|g Y
F2& 714
o I ARAFTADAY & £F Level UpH AZw #d A9 vFE
I 71
° W &L V1AT YA TAHEY AHREY YA FTEELMU6A Sw)
- T8 FYIgdTA
AL A4
AgATA
Al &¥] F3AE
YA
1EFE FYIG 5
- AAA A
HE AU Y F
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A &R 4894 AT AA=E

-Band

Other S/C g%

At41%8

_ *F 5“"’;;,;’*’ 5-Band S-8and
=3
\ Y
IMAGE DATA PSR T -
" A Tousek
RECEPTION fooianee O e
subsystem
d "AL914 TTC A TTC
IMAGE RECEPTION subsystem subsystem
SYSYEM .
P/t Data ™ & 'I'C’t r“""——
IMAGE DATA Y s/C ™ETCL 1 sicsiMu
SATELLITE |gmu subsystem
PROC. & ARCHIVING CONTROL >
subsystem subsystem. SATELLITE
Calalogue /n Standard CONTROL ,(_)1\
consult. W_Product subsystem
IMAGE MISSION PLANNING
EXPLO'TAT'ON subsystem
subsystem
IMAGE DATA PROC. MISSION & CONTROL REDUNDANT CONTROL
N SYSTEM . SYSTEM SYSTEM
T USERS é’

A A= F8 T4 W

o &2 A A (Command Control Chain)

o QB A(Mission Chain)

o GARFE 4417 (Image Chain)
o BEAAL(o]FY : TBD)
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Al 24 Ao W H Ha Yy

LAY &3 39

a4 A : Z A 7 9
1992. 12 g3+371e 27148 44
1003, 3. %5 | TEEFRAIIIE AW UIEW mIA TARASHE A A
EFAA
1993. 5 23 4494 NgAdy & F3971¢ Aol 43
1993. 7 r200080 3714 AA 1098 A, & EX2 A FA AL AYA 2P
1993. 10 GEA 4494 V1EAY 48 % FI2F ¥R AH
1994, 1 MEAY 23 A% BAT Yo g8
1994. 5. 9 giggﬂ T8 T2 e, oM TOERHALAA AEA,

2. At 8 EaA

O f4E ML F EAsiE IsFoez Aol oz BAL 4 AF
F3o e 842 EVHd

7t x4 M=l E24d

N ARG Yoy

CBlMel WAL F AENY ANE AHHD HYSYS THISE YA
27| U8 +¥ (WA B AVI2Y U HIAAY HHSYR s Ef

=712 Y BN AME 0[B517| I8t ANBZE AN ER)

o Mol MEjE ZITSID 4ol EXNE TESE & o] A=Y
oM HYXoZ 78 T8Y = UE 2
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Lt XY FA=e] ER2Y

H A4 dFrYo ME U

+ Y X|FEE BAFHAM HSE XY2UE JYRER= M=
Hrol ZRE St XA4eE MSH (M8 grel Fos R A

YA AIS, CHBYO| 25 YNNSE TS HE)

o FME dY oiolEle] xMa| ¥ MF, M, HME gl 2M=D

SOl AlMO| ERE

3. 87 A4 A4

7b A4 BgTo] Bigsor & A4 A4
o A BAF
- 93 &3, 3% $54 A4 (TT&C)
- A FA ] A (satellite control system)
- A 45 AY A4 (mission planning system)
A4 A AT
- A 43 AR 4 A4
- A Ay A4
- 4 A8 E4 £ 4P A4

. B3 A4 ol &
o S WAL F 27|39 R HIGA A9 AT & AAE ZA, Al
3t7] AAtiM = B57te 944 AZFE ol 8ok &
o wetd F7zke] WE AA A Ba
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A3 AZT 88
1 AFAHH 33

=& ¥4, RARR (Range And Range Rate)d4lell <3t 94 22 2 ¢z
44 A= Holed Uy HFE ?Ja?ﬂ-“] A4 Axe AP 2 9F A

& 9
2. AFH89 #A

AANA F41% YAZA dlole} (telemetry data)E HAFE 2 st 94
9] Zelg dAtez ZAElT, QA9 M5, A 59 HE Sy 248
Elol o Ao A, AEA] € LAEH AYL A4

3 AFHESFAYZRE Y5T HHY FA AY AF
HEY AEAY 9 Ve AAE AFBEIHo2HEHY ARE F45
A F 8o AF

4. |144A BUS & ®HAA AEE AF Test bed2 ¥§
ZF ASAEE AT Test bed2 B
" AN 2 Bus A5AE
- B/A A" HEAY
g i B e o
A4 AEE SANY
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5. &3 48949 &8 £k

- x g FY Y HGEA/EFES
-l RE, HY ALEA B AngE dYas
AN JE FE, HYLY B LEF B

- 23 Fx #A
c TA 23 FF2Y (SARSAT-COSPAS Program®)% 943 &&
- Ay, 3F7], FEE ARLA 1A #e}

- I3 A
-0l A F FH, +FYA B3 3
- AR, BEA 3873 Ay

- ZE e A=Az
- AYE, JA A¥= A F
‘ER, 34533 AF =4 24
- ZE NS A £4

- FAE A%, EF, AR A S

- O] FFA Auj9 AHY
- ol FBA AMulx (Ful8 R AF @A)
- WA 2] §A
-S4 AgEA
- Hiolg} &4
- Holg A&

- 59 B AN Auls
- ¥A} (Remote Sensing) ¥ &3 Ay

- &9] (Positioning) A¥]
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A 44 AHEHE R HIAH HE

L AMTHE

7F &Y 4848 £A/BAZTY 194 =

7 T o ola
“9A 9% s A A4
A4 94 4 - 94 9aRE AY A4 000
- e B4 9 A A4
97 2%, 99 544 A4
SNdaA = - 914 Aol A O00
- A4 9% AY N4
U AR W&
(1) #AF AAA
N e 7 4 72 7%
S-olel et A7 4~6m
- 360 A2 | OER AgAgeZIE A4 49 AR
AAZAYET 0" ~ 90" 4% (housekeeping telemetry) 44
4% HPA/LNA 27 By £4
F94- @7} (Converters) S Wil oA A4 54 (racking)
PSK/PM WE-z7] ‘
849 A
a298 49
AAZAE A A2Y S RETERE
SR R ER T EE RIS - A Aol
P EELECEE
QAzARITo 2 24T 24
QA v AR
IFA A2
Aol =
| - sazAola mw 4RY 4894 TAA 2848 24
= - AzEg)o]
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(@) $A2 43 A

Al Wg 7 A =8 7%
- X/ S-di9g e
- X/ S-d9 $£47]
- ¢t A X
A - 94 A% 23
~ s - S/X - Band®] RF A% 44 ¢ &=z
RF 414 - Base band #X:d|o]g} £
4% S M ;,,L}],? V- oxe geze mow we
- Time code generator - MY RF AT 9y
- A8 718% (HDDT)
- dloje} FAAm]
- A= Aol B/ ZAAA
- Raw data®] 715, A% L A4
- A AL 7@ AZEe A B 914
- dlojele] W¥E, FA <l
H o]e}l 52 - g 9 B - AY "Rl w4
9 B Aad | - zgiﬁg A é_;% - dlojete] ®A (radiometric, geometric
A X - AFRARE] AJAH correction)

- A)oH(ground control point) Hlo]ElH]o]2
WAy, @] 9 Al olelete] AHE A

- Quick Look A+2.8] WA

- Catalog 2t

. A8 A8 7R
o ABL B AYT ¥E 27 A9

o A4

A

Z 1,200%
o AldE
oA NS
FA AJ4dE
© % 15009
o AldE
A AAdE
T AAdE

350%
450%
400%

350%
4509
700%

¥ AU gl AYL AT AG B RO et ¥9F vk

— 230 —




227

ZAEAA
AEHA

¥3&

199545 ¢4

19964 19 ~ 1996 129
st AdA oA
A= 718 v E(Q)

o g o o o

=H

§ RrA _a L\
gn AN N
§ —\TAC WT W TW
s T | weEEG | ppew | mmme o
§ o
¢ 3
- MO
494
E e < 2= >
g1 |l AMRIER]
| eea
13,500 .L 13,500
D
< Hp12 >
40,000
6,000 | 8,0001{5,000| 5,000 {5,000| 5,0001 5,00015,000
§_ RPA %z SO KOMSAT x!ogd —
3 UL fl-.(‘7 M_L.r\__n._ n
3 o0 spoT
g § g 2l aree| ol
8| s 2 seal B | M s (E— | A
g > | D l
= WT VT VIV —\I WV v, \
g‘ EQEEN WK AP XAl ARSI N WNT
GarA 1) BEYAM2(28)
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2. AHY B384 HE

7h AR A F9A4 R 3(Qd) AR &9 AR
O d9E4 494708 2 84 =71 7|23 B
TENEE A= A3}

O

O
i)
8 O O 0 O

o
o

U
oot
:{2

s

L
_]
ko

i
o
I

&E A%, ¥4,

4 A BE, A5 AL A

vt 3 Y S AY BAL 83 B5

N

olF A Aul& AlY

g 1 &
o
e

ol
o

+

A AN A, AL &8 FEBE FRoln FYFE VB

A R FAFANLE €94, &4 7o FSRE i 9
ZA] UMM E A2 AL 27 RS
pElE, Aol Y, 48, T %

- = U, ", dRvAlel §
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2 A o} RKA A8 BAZ/4 58 (AR 3R BA)
o) CNES A4 &ﬂli‘/«“i‘ ITH (A 2R BA)
54 DLR A BAZ/ AT =4
dE NASDA A8 BAZ/5A0F Y (A 23 B
= CAST AN BAZ/FAF I8 (S 3% A
e ISRO A BAZ/FAF T ($AF 12 B4
Baa 3 A8 BAT/FAT FE (AT 13X B
o] 2~ gtd T A4 BAT/FA= 8 (A 13 2H)
A CYSA N3 BAZ/FAF FH (B 1E BH)
ole g A5 A BAT/ 4 Y (A 1R BH)
e TRSC LANDSAT,SPOT 4A1= Ex:
gt NSPO LANDSAT,SPOT,ERS A= ER:
| Q=viAlel | LAPAN LANDSATS21% =9
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U ARAY FdA EAA

0 ©EAH A%AN AL A FAF WP gow AN WA AL o
44 vAE U + Y

O A FAFY AMo] AAEHA ¢ AN BFARY S0 BIsH

O 979 AXFAZTE ol&3H P u| Lo HA4 NduEY gon FT
A A= AR Bt

O AF9 AFBAZT ol8A A4 AF AY £ P I EA/AL
o8&

b A4 BA R $4F Adol I AAHA Rew B2F g4
379 Tejol, 7} ¥

o OGEH Af 949 Ay FAF AA g

ThE A A4d4 AA4FES “Multi-purpose, Multi-mission” &8¢ 7/jgez 4
ARl A4Ze] L4 € FFAHE SolaA e FF 249 ook §AE
9 FAE 7MEstEs dASA

(1) SPOT AA4xE 4

HEH A4 A4l BAE AT BS EAAY 28 siees SPOT A4 &
A & el 2 W g AT Fol FAol FAY g £A §4d
JAME F4l Fo4 g9, Af 45, Az B4, dojgt R Fo BEsE A
8 FA AAE 72 Qo] thEH &4 g £ AANAM = Fv g
o] SPOT 4 A8 E F#AE 4+ Ut
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(2) Landsat-5 ¢ A& $4 (TM)

924 44945 44 £ Wz B4, dolel Toho] Aolsht $UB Fu4
Yeoe AHEST o B2, £AMY AZEsY 5 Have BWLH U

BEa 4894 AR FUMA) F7184H Landsat-5 FEE F4E 4 4o

(3) ERS-1 #t& 4

20A THEH d894q) HEE #Holtt ¥AESAR)L # EAETS & A
AFE AT BFe] 7Hesich. ERS-19] #Holtk HAE(SAR)Y AEE FAsE A
A FAAAE HEAH ALA4 AR A A gz 24N &S FAE

o AR 54 J1ee GRAT 2 WA DEH e HEg 5 3o

Ads gAY ¥

S HRC HRV T™
(High Resolution Camera)| (High Resolution Visible) | (Thematic Mapper)
9 A o gEA 4894 SPOT 123 Landsat 4,5
685 822 705
# ={lm) (98.0 ° ¥ 7)) (987 ° BFE7) (982° EFE)
% %F(kg) 42 250 245
7 8}H5-:320 % 275 X 760 o "
A 7)(mm) AAFELI250 X 260 X 350 (2 1.8m o)) 1100 x 700 x 2000
M) A (W) 104 750 345
FALZ (km) 40 60 %2 185
CCD &} 4000 6000 6000
A= 10 (&) 10 (Z-w) 15 (Z9-63%)
(m) 20 (#=h 20 (&b 30 (&
e 1:0.45-0.52
;jg'z(l)_g’gg Eg)) 1:0.50-0.59 (G) 2:0.52-0.60
240= | 3078-08 (Near IR) | 200 088 (R) 50.63-069
3:0.78-0.89 (Near IR) 4:0.76-0.90
(i) 4051-0.73 (PA) 4051-0.73 (PA) 5:1.55-1.75
(M 3AL8} 2 Phase-Boll Al R et
274) 6:10.40-12.50
7:2.08-2.35
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dolgt A% 45 | (I+Q I1+Q |15Mbit/s Q| (+Q | 15 Mbit/s (Q
SP-L
dolet 73 NRZ NRZ-M NRZ-M NRZ-M NRZ-M
AMS- Sl X iy X dy Xd9y X a9y X d9y9
(8253 MHz) | (8253 MHz) | (82125 MHz) | (8140 MHz) | (8040 MHz)
* AFZL W2 o] we g BYnor AAE HEne Wra 32w e

#492) dojg} 4=4le] 7hesdte), o ol9)e] BB FFHo R AMSE duh

IMAGE DATA RECEPTION

IMAGE
PROCESSING
AND ARCHIVING
SPOT SYSTEM ]
ERS 1 )
— ANTENNA  LANDSAT |__TME CODE GENERATOR
HDOR
MULTI-SATELLITE
G TEST HODULATOR
AMPLIRER
UP/00WN DISTR =L DEMODULATOR DISTRBUTION |
CONVERTER UNT. UNT
i
ANTENNA ANTENNA | TRACKING BER
CONTROL
ENGINES MR RECENER TEST UNT ST
COMPUTER
— BORESIGHT ANTENNA S OO
TEST COMPUTER
" [ - o
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4T AR BN AE AdsEy) A8 FES F3 A=A 94

- GARAR o] gAY WA Ho) AY

© 914 AR AYo] YYATER ) AF

-S4 BAS AR A AA 1

- ARE 42 FERAQeZE FAFRATL 4T FFEFATE G AR
# Age ANE TR Agoz MFY

- AR 91N AAA ;8 Alg

ot A Ar
- gad Al SEd v A2

- %Y FF (H4 50kW)
- AWk (360° ) AlA
- FALE 3% AYE 71440 ton, 25m Boom 2 telescopic crane)
- 7hed 3 AL AFE A g
- A §7o| ¥3T{X

B4 P FAF AL 4 A4
- g AR F2ok e B AHAY
- A 257 75 kW 84
- B fA7 gol@ 2
- #AsT A3 A
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3. Al FWAY HE
7h 18 9L

o AT AAe tEH 444 e A dAEe A%
(& A4 AdTTALrBT AT TFLA)

o FUTE $H AR AT AAE VHAYY ARE EH UgAY
P E DRI L IR T P ERIES
(1& FAA4e] DR A4 FAM FEFY AH FA)

o TATY HdAv A4 HFP B HEER EFFH HdE A4 AFHAN
SEHE MR 25

U &8 VA FERAY

(1) Fohg4
o 4 Aol g8 I AP F AG}E 4
- FlE A EE REF FA
- B AN EE REL V0] B FA REM] d¥ Ty 29
22
o #9 AEVITA NAA HA 7Y 93
- ZU 719 #F Jled B WY

(2) T 717k
o 1996 ~ 1997d (271d)
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~ 1995 : 1996 1997 : 1998 1999
NAE g RS ) \
: a3 g =29
: S8 NE

Ral= AK Y = N o =
85 UM a2 #8 , o HA dE R 28

=N )

A3 JH|
R JH =M s-19 2R= S/W -
SPOT. LANDSAT, ERS $A12 AW :
=N Yl
Tals 28 82 g S/W -
2 : 238 N AR 9
29| : (EHAAR). RSN ARD) W

A= NAE A % 22 - 220 U #AISHENR

SR 3 HAZSALNTNM N
S-(4oy 29 AR 2d 20N

HRC. LRC 2 BRee S190i 3 GRS NI e
SPOT. LANDSAT, ERS YMAIZ M X2l S/W = AN
HRC. LRC gt 82 & Nl (demodulator E)

SPOT. LANDSAT, ERS £Al M2l 222 5




o AT AR o4t v

A &3 FEE AP MOS)

¥ 2| 2384 o =A 94
000 44 3549191
FAy| 57394
BA= 407 | BAZ 2189 | £AF 1369
B 4w 539 ) 19HY R 1 3% 54
2% : 1860% A% : 15009 A% ¢ Hy
- h Y (11lm6m |+ 4~8m el 11~13m - okElvt - MOS4A18-
7271) C2ABAL | o c2APAE | oy
CAABANE |- 2BE2HSA |- BEdolel |- 2wy |(10m)
CEAY AN 2 B FAHN Y| 2N @S AR
CRAE AFE | AR . @&ulolel |- RARR 24 | $AME
. A A - @A FAFY CEED Aul 2 24|32 P
QgAY | A2E cdlolE A | BAAN EER-D
- A A R oR@AY |94 WY | aE AR
FaA4 KR CHAAEAA] S e | A AN
2 A A - AR EF | - Collimation
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cBEF AR
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RSELEE
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- A A
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BolAg | HEEANNA AT B2 AlE
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gt &4 B FAS A4 Fag

(D G54 4894 F45 F3

i % H 3 F
1 Al ¢telv 2 RF A 1 set
2 AAg FA 1 set
3 12% 7|2FAA 2 set

92 3 A FA 1 set
S Y A2d .
4 & Yaa AR A Lot
Landsat, SPOT, ERSZH4 A48 441 o lse
S/W set
5 F YA o AFH 1 set
6 TE 715 AT FA 1 set
7 47 &2 3 B4 AZEJ] 1 set
8 F4AY A AZELY 1 set
9 ARE A _
10 71494 £ M A 1 set
(2) Tt 53 AL FAT T3
H & % H] s} s %
¢ty & RF Ay 1 set
1 S-tio 441 Ay 1 set
S-tlg Al Ay 1 set
2 [F % Base Band #H] 1 set
3 Hlolel 54l ZH| 1 set
4 A4 &4 Ao Fy 1 set
5 Ranging 4dH] } 1 set
6 AZEJO], Au] @ 7]g} AA|H] 1 set
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M 7 & X Ald iket gt

AAE A48 AT e 439 B /5 71dEe] Ado AxL &
B AAARLR Adm v E Bt Joh Fa% AT A4 IF AR
Datron(¥l), MDA}, Scientific Atlanta(®]), NEC(¥), GDE(v]) 5 B2 A
7t Qlew AL 3f-o] AMFollel FdE AFE (commercial-off-the-shelf)& Wel
AMgstn ik dA FHY A 2 a0t AEHo FF FFEH FAUAH o
Lo}, o] FFANAYE BEAA, N RAE FAFA, SAINHE FALE F
o] #a7t SiE Yoz gl 4F Fuldd BIAAME FABe] FI o] HEH
of & Aoz Algg®th FUlg A 3. d g JBA AT Alde] dF o
F7F A Fof itk 84 AT FUE AZSE JU GAMZE stolALANA
GEHUE ARstn glon, FAHAPEFALE BF3E AL AXE @A A4
HAAE R GAANAM BLE 44 £F @2 ARE AFsn U0 4G
Ve EEL I =] Bof AZEde] Eol B 71& Bk, &9 g B
°f, 522 Yw 4 drh

O st=go} #of
AAE A48 AT N4F Ta by FSL2E dHU A2Ye uE
stef tixg Y%, AFH Sl A2, Fol NN St5Y ez v
Huok

O aXZEY o] Ro}
TS 2ZEdo] FEo BAHARS cet, A4 F3 £ A= 4%, €7
3%, 42574 A5 24, A £ZEHS, 5T FUAT Fobell 2A F
A8t 7bssie e 2o,
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O Nz¥ FF gok-
A%Z A2de Sedols AzEsols U AN~ See BaH,
of EokE oW B FHo] a7HE Eof2 AT FAsshed e o
Aol gledetn wo, -

A4 BHFAA 4L TASRT FANS e WA $9v1ed ¥
Aol $4E AR Mt dis FRE AMERCA ATsE &
A $9471%, 2an BEAYHE @ 2971 S22 UE 4 den, 2
el A4 @A BAT 29714 3FHYIeA IFANATAE A
28 8-1288 93T don, e B 233 J4BAL FAY
290 B0l dFez Y= F, okd 27 £F0lg ¥ & U AT &
971&2E NOAA, GMS-4914 59 71494 Ar FAFe] 8 7BelA
29Eo] o3 glon, AARVAIY FAFLY 71Ee obF mFH 4ol
th €9 7L Il AZol AXEHH AA £9& FHA o] oF
ARNAAT, 9= AT £ AR T 294 a9 Bd 24 53
o $EF & UL Aolth,
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HeE EE

28] vgs Bt AYA4e Sl 1259 AggAed 1258 4THes
watatd $3Age Agsigth. £33 94 A6l Fd 799 ALY o
Aolw, Fridium, Global Star, Project 21 §2 A o|FFAAAR Aujze] 4
BANBEC] FAE 24 o) glon, 3 5 4Y, FUE BS54 AY
& 95 BER A4l 100d UALE BEEZ FFIFATLE FHo=
N TEALNETH B A - @ FEOE swol AHD Uk oo wet
A4 WAL T 42 98 BEAY NFT Ropo] i A7 "aKe] A o
E53n e dFelrh

AR AP L83 22357 dHNE A4 A BAG AL &
317 9@ AT Mol Yol WAool ¥ BAANEL AR AN
o Re s Pyo=RE P4 Aol BY 4AZF doleky FAsT
47 BHe FAsd 94 APz 4se BATH, A4 FAMAA
FASH AHVE JANBE S50 B4 A 4R 4X 8 U
sleo] BHEHoz HrEolo aF, BEsldE AR P2 AAE FEe
A8 WA B 27 £G4 EE A0 94 Aot BAE Y & Uolok B
=3 |

2 d7NE AAE 94, B8 2S940 B A3} Y Ad R &
SAA Tl wae] BARY AT Fokz U] AT

19708 2ebiAle F2 gF7d o3 4AFAE dEEeed, 19723
Landsat 129 433 dalol3z BE94¢ o438 AR §440) A4
WAl AR ATelA BEA4E TAele RS A2 AT oo FEHT
gon NUEAZAAE AFhd) $448 AR {ST AAGA Holes
ALYS @ FE AY S A&EA g83T Yo 97 UyIBE 9FFA A
o Bg #a7t 25l mole W ARSI YFNA FUstd A o3
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A= AFelv 47 FAAL AR AT AR diF gae] Ay Hojgh
FATY 4AE B Aol 20, I &8 =¥ FE ML, 84 AN F =
714 2QeA Zasirz 27l 7BA AAs] ¢85 Ao TStk @
A FEFFATLRNM TEY 444 AT A Aol £ F gled
TAFY At EF &AM BFF TS5 ABEW ol JF P&é‘—.%
AL 2HEE HoElg FA8lY FUHY FF7EE N RS ARdAA FFoR
Y dAHLz Qi VAT AE AHERTO) BFHLR RO} & A
A2A 444 Aast st Qaysolof sin, Fefo FFAHE ud st AA
Holof & ot AAE A48 AT FHF F48 HeEFEL Hdsie 4
e FF3E Az Fo8H, 9 JlEd §5& A4 ¢98498 A A
=9 Ag=el HAshs AE nEoF ¥ Aotk B AFME g9 ARFE
AT 1 A UEF AEAY AT AR BFA A E4d A
B89 Ao, FF AT 4A L 44 LY Y J)&d HFd 7)o
¥ Aoz s

ot
N

L U8 A48 A= Al Z2AF 97
- W $EE AR, ASdTa A £AL € NOAA S £
A &H, §-33 BAL
- 79 dE AFASAE, 2Fu $FHE BAL, B3t Chung-Li $A1F

2. A% FHFAA AL 9 9 7lE9 2AF £4
- vt A]2% (Antenna System)
- YAl Al 2% (Satellite Control Subsystem)
- 94 45 AY A" (Mission Planning)
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- 944 A EHolE (Satellite Simulator)
3. AY FAANE B EY7IEY A Y
- g/ddlolet 4 A 2" (Image Acquisition System)
- 9A4A8 Ag Al2" (Image Data Processing and Archiving System)
- GAAR o]4 A" (Image Exploitation System)

4 AT FU AR B L8 BY AE 24}
- BEH 4894 A4T A4 AR BHEH ZAAT
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