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SUMMARY

I. Title

Research and Development of A Low Earth Orbit Microsatellite, STSAT-1 for Space Science

and Engineering Test
IT. Background and Objectives

STSAT-1, the first STSAT seriese satellite based on the Long-term space development plan is
a small satellite, whose main misstion is a celestial observation of ultraviolet spectrum. The
development of a low earth orbit microsatellite is recognized as a good means of enhancing the
technological capability, to widen experience, and to train engineers who have enough knowledge
and experience in space systems. Most developed countries in space technology do not allow the
transfer of critical space technologies such as attitude determination and control nor the export of
critical components and equipment such as high precision attitude sensors. Therefore it is
inevitable to independently acquire self-design and manufacturing capability to implement a

specific mission.

This project was aimed to verify the capability for designing and developing an indigenous
microsatellite system including such critical technologies and associated components and

equipment and operating it as well as to train engineers.

M. Scope

The system context of this project included the STSAT-1 satellite system, the groundstation
and the launch and operations. During the project, the team worked on the mission analysis and
design, system level design, requirements and specification generation, as well as mission
operations planning. Expecially for the satellite system, four consecutive steps: prototype model;
engineering mode; qualification model; and flight mode; have been undertaken to reduce the risk
from new designs.

The launch and initial operations has also been included which allows the project team to

verify all the functionalities and performance.



IV. Conclusion

STSAT-1 was successfully launched on September 27, 2003 using Russian launcher
COSMOS-3M. The operation team has performed all the functional checkout that were planned
and STSAT-1 is presently in the normal operation mode. The 100 kg class small satellite,
STSAT-1, shows excellent ultraviolet spectrograph images and space environment data, which
proves the unlimited possibilities of small satellites.

This verifies that the mission and operations has been adequately planned and all the
subsystems including attitude control system, electrical power system, telemetry and command
system as well as groundstations are functioning as designed. Therefore it is concluded that this
project has been successfully completed and it is also expected that the usefulness of the

STSAT-1 data can be extended throughout mission operations until the end of the mission life.

V. Future Applications

The success of the STSAT-1 development shows the wide possibility of various mission
applications using small satellites including celestial observation, high resolution earth observation
and has enhanced the capability of national space development. STSAT-1 has been marked as
one of the best among similar class satellites. It is expected that STSAT-1 can take part in the
international space science satellite area with the technological competence. The result of this
project will be applied to the next STSAT-2.

A database system based on the internet to provide the mission data from the operations of
STSAT-1 is planned so as to motivate the scientists in the field of remote sensing and space
science. Any problem which may be found from the operation will be fed back to the STSAT-2

program which is in the design stage for performance improvement.

_vi_
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7}. Micro-satellites

: 5 L aui Teaur Fon
Satellite: . | Ma?’. | gq‘nch"‘L‘aunch Count

Lodkgh e bates g - B i .
UoSAT-1 52 |06-Oct-81| Delta England | 538*541/97.46 |Technology Demonstration
RS-3/4/5/6/7/8 17-Dec-81| SL-8 Russia | 1689*709/82.55 [Experimental & Russian Radio Amateur
Iskra-2 28 |17-May-82 Russia 335*345/51.59 |Russian Amateur Radio Relay -
Iskra-3 28  |18-Nov-82 Russia 345*346/51.63 |Russian Amateur Radio Relay
Rohini-3 42 |17-Apr-83( SLV-3 India 388'852/46.6 [Camera Sensor, L-band Beacon
A0-10 40 |16-Jun-83|Adane-v| SE™ Molniya  |Amateur Satelite Communciation

AMSAT
UoSAT-2 60 |01-Mar-84| Delta England | 679*697/98.25 [S&F Communication, CCD Camera
UKS 74 {16-Aug-84| Delta England | 1002*113417/27 |Space Science
Fuji-1 50 |12-Aug-86] H-1 Japan 1479*1497/50 |Japanese Radio Amateur
NUSAT-1 54.5 Apr-85 USA 318*339/57 |Technology Demonstration
GLOMR 68  |26-Oct-85 USA 326/57 Message Relay
Maggion-2 03-Oct-89| SL-14 Czecho | 504'2494/82.5 |Research on the Earth’s magnetosphere and ionosphere
UoSAT-3 46  |22-Jan-90|Ariane-IV] England 780/98 S&F Communication
UoSAT+4 47 |22-Jan-90[Ariane-IV{ England 780/98 Scientific Payloads complement to UoSAT-3
OSCAR-16 13.34 |22-Jan-90|Ariane-IV | AMSAT-NA 780/98 S&F Communication
AMSAT-B
OSCAR-17 12.92 |22-Jan-90 |Ariane-IV il ra 780/98 Synthesized Voice Message of Telemetry
WeberSat 16.03 |22-Jan-90 |Ariane-IV | AMSAT-NA 780/98 CCD Camera, S&F Communication
LuSAT 13.76  {22-Jan-90 | Ariane-IV AM:{;AﬁI;Arg 780/98 S&F Communication
Fuji-2 07-Feb-90{ H-1 Japan LEO Analogue Communication Transponder
TERCEL/SECS| 68 |05-Apr-90 | Pegasus USA 489*668/94.1 |S&F Communication
STACKSAT,
POGS 68-72.6 | 11-Apr-90| Atlas E USA 741/90 Magnetometer
STACKSAT, . e
TEX 11-Apr-90| Atlas E USA 741/90 Study lonospheric Effects on Radio Signal
STACKSAT, . .
sce 11-Apr-90 | Atlas E USA 741/90 Study lonospheric Effects on Radio Signal
MACSAT-1/2 61  |09-May-90] Scout USA 608*766/89.9 [S&F Communication, Remote Control, Data Collection
BADR-A 16-Jul-90 | CZ-2E | Pakistan | 201*984/28.4 [S&F Communication
CRO-AM 85.3 |28-Apr-91 USA 260/57 Chemical Release Observation
CRO-BU 83.1 [ 28-Apr-91 USA 260/57 Chemical Release Observation
CRO-CO 735 |[28-Apr-91 USA 260/57 Chemical Release Observation
intillati th's At h RF
ISESREX | 8626 |294un91| Scout | USA | 770°w71/s0e [ooniiaton Effect of the Earths  Atomosphere on
Transmission
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osat-X 75 | 04-Jul-91 | Delta-ii USA 416*402/40 Remote Sensing (MS & WiFS)

UoSAT-5 484 | 17-Jul-91 |Ariane-lV{ England 761*773/98.5 |S&F Communciation, CCD camera

TUBSAT-1 36 [ 17-Jul-91 |Ariane-IV{ Gemmany | 763'773/98.5

ORBCOMM-X | 221 |17-Jul-91 |Ariane-lV| USA 766'773/98.5 [Mobile Communication Experiment, GPS

SARA 25.7 | 17-Jul-91 |Ariane~lV| France 762*770/98.5 |Radio Emissions of Jupiter and its Moons

?Qgg)s a 22 | 16-Jul91 | Pegasus Dii:\ 359'457/82 |7 Satelite Constellation, Communcation

Maggion-3 18-Dec-91 Czecho | 3080'440/82.5

KITSAT-1 48.6 [10-Aug-92|Ariane-lV| Korea 1328*1316/66 |S&F Communciation, CCD Camera, DSPE, CRE

S80/T 50  [{10-Aug-92|Ariane-IV| France 1328*1316/66 |VHF Transponder characterising Radio Environment

OXP-1 136 09-Feb-93| Pegasus| US-OSC | 722*787/24.97 |VHF Frequency Survey for ORBCOMM

OXP-2 13.6 |25-Apr-93|Pegasus| US-OSC | 737'841/69.9

RADCAL 87 |25.0un93! Scout USAF 765884895 Radar (.:alit?ralion, GPS based Attitude Determination, S&F
Communication

TemiSAT 42 [30-Aug-93{ SL-14 italia 080*945/82.5 |Data Collection and Envorinment Monitoring, Data Relay

STELLA 48  126-Sep-93|Ariane-lV}{ France 823'799/98.6 |Geodetic Measurement

KITSAT-2 48.7 |26-Sep-93|Ariane-lV| Korea 823*799/98.6 |S&F Communication, CCD Camera, Space Science

PoSAT-1 49.3 |26-Sep-93|Ariane-IV| Portugal | 823*799/98.6 [Earth Observation, GPS, DSP

HealthSat-2 43.8 {26-Sep-93|Ariane-IV | US-Satellife | 823'799/98.6 [S&F Communication

{TAMSAT 11.2  ]26-Sep-93)Ariane-IV ltatia 823'799/98.6 |S&F Communication

EyeSay 11.8  |26-Sep-93|Ariane-IV USA 823*799/98.6 |S&F Communication

TUBSAT-2 40 |25-Jan-94| SL-14 | Germany | 1221*1198/82.6 [CCD Camera, Meteorological and Radiation budget instrument

BREMSAT 63 Feb-94 Germany | 363*344/56.9 |Space Science

STRV-1alb 52/53 {17-Jun-94 |Ariane-IV| UK-DRA | 284*35831/7.1 [Space Technology Research

RS-15A 70 |16-Dec-94| SS-19 Russia | 2165*1885/64.6 [Communication Transponder

UNAMSAT 12 |28-Mar-95] Start Mexico failed 41MHz Radar for Micrometeorids and Debris

TechSat-1 55 [28-Mar-95] Start Israel 670 CCD Camera, Attitude Sensors, S&F communication

ASTRID 28 |24-Jan-95| SL-8 Sweden | 1023*968/82.9 |Technology Demonstration

ORBCOMM - . .

M 47  103-Apr-95| Pegasus | US-0SC 747*743/69.9 |Global Communications as a part of 26-Satellite Constellation

MICROLAB-1 75 |03-Apr-95} Pegasus | US-OSC | 747*743/69.9 |[Space Science

GFZ-1 20 | 19-Apr-95 Germany | 394*384/52.56 [Geodetic Measurement

Cerise 50 07-Jul-95 |Ariane-IV| France 666*675/98.1 |Measurement of High Frequency Signals from Targeted Regions

UPM-SAT 44 | 07-Juk95 |Ariane-v|  Spain 666675/98.1 Fluid Dynamics and Microgravity Payloads, Communication
Research

Maggion-4 50  [02-Aug-95| Plesetsk | Czecho 19200*766/63 |Plasma Measurement, E/B Waves, Energelic Particles/X-rays

FASAT-Alfa 50 [31-Aug-95| Plesetsk Chille 682*651/82.53 [Technology Demonstration

MUSAT-1 32 {29-Aug-96 Argentina | 239*1149/62.8 |CCD Camera, technology demonstration

MAGGION-5 58 Czecho 19204*744/63 {Study Auroral Region

UNAMSAT-2 17 |05-Sep-96 Mexico 1010*988/82.9 [41MHz Radar for Micrometeorids and Debris

JAS-2 50  |17-Aug-96 Japan 797*1317/98.6 [Amateur Radic Transponder

ZEYA 87  [04-Mar-97 Russia 424*467/97.3 |Navigation and Geodesy, GPS Receiver
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1}, Mini-Satellites

Mass

Launch

Country

 Mission / Payloat

Satellit . Launche orbit (kmideg)
atellite (k) Date auncher Orf(mfg) T i ‘
ECS-b 130 |22-Feb-80 N-i Japan-NASDA GEO Communication and Propagation Experiment
SME 417 | 06-Oct-81 | THOR Delta [USA 538*541/97.46 {Solar Mesospheric Explorer
ETS-I 385 [03-Sep-82 N-i Japan-NASDA 1000/45  [Technical Demonstration
/
AMPTE 7057/25” 16-Aug-84 Delta z:(rmany us Active Magnetosphere Particle Tracer Explorer
Polar BEAR 125 [14-Nov-86/ Scout |US 963*1019/89.55 |Beacon Experiment and Auroral Research
36*811/98.8
VIKING 286 [22-Feb-86] Arane |Sweden 13536 2 o Plasma Physics in the near Earth Magnetosphere
AO-13 139 }15-Jun-88| Ardane |US Molniya  |Amateur Satellite Communication
SAMPEX 158 Scout  JUSA-NASA 687'512/81.7 [Solar Anomalous and Magnetosphereic Particle Explorer
Freja 235 [06-Oct-92] LM 2C ISweden 601&1756/63
t ageos-2 400 122-0ct92] STS-52 Geodetic Measurement
MSTI-1 142 |21-Nov-92| Scout  |USA-BMDO MWIR Camera
A-DOE/
ALEXIS 113.5 |[25-Apr-93| Pegasus EASNL 747*836/69.9 [X-ray Imaging Telescope
ARSENE 154 |12-May-93| Ariane  |Frnace GTO Radio Amateur
SHI-JIAN-IV 400 08-Feb-94| LM illa |China GTO Space Environment Monitoring
STEP-0 TAOS| 476 [13-Mar94| Taurus (USA 537*555/105 |Autonomous Operational Survivability Experiment
DARPASAT 204 113-Mar94] Tauwrus [USA-DARPA 537555105 |Classified Military Mission
| heric Plasma Measurement and Gamma Ra
SROSS C2 | 113 |05-Apr-94| ASLV-D4 |ndia 17433 |orooPrere y
Detector
MSTI-2 117 |09-May-94] Scout  |USA-DOD 469*367/96.8 IR Cameras for Missile Detection and Tracking
STEP-2 19-May-94] Pegasus [USA 599*817/82
STEP-1 318  |27-Jun-94| Pegasus-XL USA 192*1518/90 [Technology Demonstration
APEX 261.5 ]03-Aug-94] Pegasus [USA-OSC 368*2555/70 |Solar Cell and Power System Technology
MOS-

FAISAT 115  j24-Jan-95 cos MOS 3 USA-FAI 1021*967/82.9 |Mobile Packet Communication
OFFEQ-3 189 [05-Apr-95| Shavit |Israel 729*367/143.3 |Surveillance purpose EO Camera
STEP-3 268 |22-Jun-95] Pegasus-XL [USA 833 Technology Demonstration
GEMStar-i 136 115-Aug-95} LLV-1(failed) JUSA 650 Amateur Packet Communication
Gonets
D1-1/213 231  |18-Feb-96] Tsyklon [Russia 1415/82.58 |Disaster Monitoring, LEO Data Communication
REX-II 110  |09-Mar-96| Pegasus-XL |USA-USAF 803*832/89.96 |Radiation Experiment
MSTI-3 175 |15-May-96| Pegasus |[USA-BMDO 361*296/97 [Technology Demonstration, Space Science
TOMS-EP 295 | 02-Jul-96 | Pegasus-XL [USA-NASA 500/97.36  [Total Ozone Mapping Spectrometer
FAST 187 121-Aug-96] Pegasus-XL [USA-NASA 351*4165/83 |Space Science - Particle Accelerartion Process

P =X
HETE 126 |04-Nov-96 e(gf::::) L lusa-nasa Gamma ray, X-ray, UV Observation

P -XL
SAC-B 181  |04-Nov-06 e?fz:::) USA-Argentine Plasma, Solar Flare, Gamma Ray, X-ray
Gonets . . - -
D1-4/5/6 231 {14-Feb-97{ Tsyklon |[Russia 1409/81.6 |Disaster Monitoring, LEQO Data Communication
MINISAT-01 195 |21-Apr-97 | Pegasus-XL [Spain-INTA 570*577/151 |UV, Low Energy Gamma ray, Microgravity
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AR el W2 ANadgoz T §AA A2Ee ARy, $FEARAA, @
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APy, BAR, a3 7)A F2A € 4 AoRE o]FoiA U

Ztzte] MB A28 62 YR YEYSAR Aozl o5 dAHP AB ALEZH
BN 9 9498, 4443 dolge A YEHAE B olF] Ao FHred
A 139 vadars A4HeE L3 Modular Command & Data Handling Network
(MCDH Net)2 ©]43t} ol5jgt BEg F2E o438ty 7|&9] $d HAdA HF
g Foigldl 9449 2 9444 71%5< 449 ENZ Aodriz 4 A & 3
o} 5l9 AIHAEE Eol7] Yot Fo ol Airle] gt FPHor F8o] THE
& 5 glojof gt

A=A FB71EA4 129 ZFeS FAAAE RelDe) FHRARANE FUFH
7} oggstel, wueE AAY Huld 24HES A6, AR B $FE

gAY &8-S A4 A4 =R V%S 231 Yok
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2. M =3 (Bus System)

of FlNE FHEIEAR 159 BAe] BE LTS setsm zzte) ARHQ A
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Req. ID Req. Title Description
The EPS shall be designed, manufactured and
PW00100 | EPS Function teste'd to meet the worst. (.:ase pow.er
requirements for all specified satellite modes
of operation
The maximum load of the satellite shall be
rted by th lar arrays & batte
PW00200 | EPS Operation supported by Hhe solar aTrays "
during sunlight operation and by the battery
during eclipse operation
. . The EPS subsystem shall be designed to
System Orbital Design . . . .
PWO00300 Lif support the orbital design life required for the
ife
K4 satellite of 3 years
PW00400 | Redundancy The EPS shall be designed to redundant
system
PWO00500 | Reliability The EPS shall be single point failure free
At the start of design the maximum load
PWO00600 | Power Budget Margins | power shall include a 5% margin allocation to
account for uncertainties in predicted loads
The primary electrical power source shall
PWQ00700 | Primary Power Source | consist of solar cells with reverse current
protection
The solar array shall operate in the
PW00800 Solar Array Operation environments specified in K4SE28100 taking
Environment into account radiation, contamination and other
relevant effects over the 3-year design life
Solar
PWO00900 > 134WIEOL] at sun tracking
array/Performance
The solar array voltage, current and
Solar Array ) .
PWO01000 L temperature shall be monitored to predict the
Monitoring
array status.
PW01100 | Battery type E.nergy stor?ge shall be provided by
nickel-cadmium battery
; : h
PW01200 | Grounding Tl.le battery shall be tied d‘lrectly to the
primary power bus at all times
The battery should be operated 17,000
PWO01400 | Battery Performance charge/discharge at minimum with the 25%
Depth-of-Discharge in 3 year mission life
PWO1500 | Battery Operation The battery shall automatically support the

satellite bus when the loads exceed the solar

_26_




array capability, such as transient sunlight

loads
Batt th of
Pwoie00 | Sotery/Depth o < 25%
discharge
Batt O ti
pwoi70p | Battery/Operation +0 oC ~ 40 oC
Temperature
The battery voltage, current, temperature
Battery/Battery i i
PWO01800 S should be monitored to predict the battery
Monitoring
status
The solar power regulator shall be consisted
PWO01900 | Redundancy

of redundant unit

PW02000

SPR/Automatic Switch
Over

The solar power regulator shall be switched
over to the redundant unit either by automatic
switching or by command when the anomaly

has happened

PW02100 | SPR/Performance Peak power tracking
SPR/Battery Ch
PW02200 ey Lharee Avoid overcharging the Battery
Control
PWO02300 | Pyro/Redundancy Redundant unit and command
PW02400 | Pyro Firing Pyro shall be consisted of hard connection
through relay
The power conditioning module shall be
PWO02500 | PSU/ Redundancy

consisted of redundant unit

PSU/ Primary Power

PW02600 22Vdc to 33V (for normal operation)
Voltage
PSU/ S d

pwozzoo | Lo/ Secondary +5Vdc and +12Vdc
Voltage
PSU/ P Rippl

PW02800 ower Hpple < 05% (@rated volts)
Voltage
PSU/ P Spik

PW02900 OWer opike < 1% (@rated volts)
Voltage

PWO03000 | PSU/Switchover Automatic or command
PSU/Secondary .

PW03100 over/under voltage protection

Voltage Protection

PW03200

PSU/ Shutdown and
Recovery

PSU shall provide method to be shut down
when the input voltage is less than 22V and
to be recovered when input voltage is greater
than 23V

PW03300 PDU/ Fault The Power distribution shall protect the main
Propagation bus by fusing the mission critical item control

PW03400 PDU/ Power The power distribution module shall provide
Distribution unregulated +28V to the Payload,
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RCU(Reaction Control Unit) and DCS at least
The subsystem power(unregulated +28V) shall

PWO03500 | PDU/Relay Switching .
be switched by relay

All primary power load paths shall include

PW03600 | PDU/Current Limiting o
current limiter or fuses

PWO03700 | PDU/ On/Off Switches | On/Off switches shall be provided as required
PWO03800 Grounding The EPS shall provide the single point ground

Requirements for the primary and secondary power.
The batt shall vide the singl int
PWO03900 | Reference Ground € ey provi € gle pom

reference ground
The EPS shall accept external power from

GSE and through the launch vehicle for the
satellite checkout and battery charging prior

PW04200 | GSE Power Input

to launch
The EPS shall have the capability to protect

against the application of reverse polarity

Protection from
PW04300 | External Power

voltages form power sources external to the
Sources

satellite
PW04400 | EMI/EMC MIL-STD-461D

E 3-1. 2" 2 FAE

@7l R FAE=E

5

Ha71e9d 13 APRE <39 3227 2L % A=H(TE WBS No)o 2 744
1=
L
31
Solar Solar Power Battery ?yrg;\gggmg Power
Array Battery Powser Supplving | | Monitoring Supporting Distribution]
Regulator || unit Electronic Unit
3.1.1 3.1.2 3.1.3 3.1.4 315 3.1.6 3.1.7

a9 3-2. AEF 74 R WBS
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Solar Array (SA) : SAYE ENYAAE oj&sta] HFe HAURE o] A8
F A& AU dFstd FE EEolth

Battery: Battery™ NiCd cell® o] 50w, $14do] Eclipseo] lolx siFfixE
dA] B3 AL ¢For 2 AEL 25T Ao A4 HEs FEI=
qeg g

Solar Power Regulator (SPR) : SPRZ Battery?l F3& A|ojsta $1& A3l SAd
A Solee EdAY AHE AFsY AHA TECH SPRE Battery?t 7
+28V unregulated primary busZ A I}

Power Supplying Unit (PSU) : PSUE SPRI} Battery’} T4 3t +28V unregulated
primary bus®] AEE AHFIA +5V, +12V, -12V, +26V regulated secondary busE
g0 |
Battery Monitoring (BM) : BM< SPR3} BatteryAko]9] A& pathE A|F517 Battery
o] ztzhe] 9] Ao At E Subsystem?] HFE MonitoringdtE H&E &

Pyro Technic Device Supporting Electronic (PDSE) : PDSEE HIY AX| & HME
9% NFTE Bt ANGE £ AT AEE FFshe F2oln A oF
qe A AH&sHA Feot

Power Distribution Unit (PDU) : PDUE PSU$} BMolA A

AgS T5€ AT

Lo

ttlo

Hkol Z} Subsystem©l]

oh 7%
AR ollA AFE 715EL FF5 2 Aol

(o]

O

0]

ALE 94489 FH9F5¢ 9449 R d5F oz kA AHE FHFIH-
A8E Aojstn AFstA HAo EHgith

Bd 1} Peak #3115 53] Y8 a7HE A¥9S TEUH

g Ala"el QF Apgte)] whel HA3 A4 Regulated A F AHE FHIC
Agro Ao A% AT £ 94 BA BFFE Z2aRd A4 AE
9 & command & telemetryS A}F 3o}

AHE Y failureZ2 5B 949 SubsystemS H I Tl

A4 9 Subsystemd] failure25-E AZFE-E BRI}
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h =

A#EE= FA Solar Array (SA), Battery, Solar Power Regulator (SPR), Power Supplying
Unit (PSU), Battery Monitoring (BM), Pyro Technic Device Supporting Electronic (PDSE),
Power Distribution Unit (PDU)E ©]Fojx glth <a¥3-3>2 ATrjed 159 AHR
o] FAxo|t)

LT

Solar +28V
Array
-2)

STE—

ST

Solar
Array
{Mount}

R

TN

Solar
Array
(+x)

+28Y  mowemomeow 12V

(4) +8§& 2=

AYEs HE &8 Z5E 23X Yeoh 9, HERAwY E37 AZRsA vehve
3%, PPT7F HAEA F&ste &E A9, Batteryd] %3 FH A 74 @0 &
A= A 5 AYgRo F 7% FUF ol o] dAFAY Lol fHHE A¢
o o] FE3}7] $3) software control modeZ +9E F At}

(7P Software control mode

Software control modeol A& FZHFEA OBCl T OBC2E ol &3td 94 FHFH BA
22393 o] &3ty SPRE AR Alojdth g§A T2aARL AYF 9 AEHE Ve
od8 714 44 AR ARE &3t AFYF ] AL} A E FYArh

A8F-2 AAE A3 A4 HAFH EA T=22WL software controlS A 3sl= BH
I AAE 9 dHlolEE SPRY| F7]d 02 A8 software controld 33}A A}
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6) A="d 74 2 w4

(V) Power Budget
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Narmal BT [Z¥] PLI FL4 PLS
. G$+PO) NAG+GS) (AG+GS}
Cont sations v ¢ (A0 58} {
erts var B aes| Unk Eclipse | Sunlight ' Eclipse |Sunlight! Eclipse |Sunlight: Eclipss [ Sunlight! Eclipse |Sunlight | Eclipss
Pod P | Pl P | Pl | P | Pl P | P Ped | P P
TotalSum 1Py PousPranons W | 4981 4745| 6743 88.00| 8281 5347 | 5583 88.00| 6813 61.76] 6813 6176
Consummption Margin (10%) P [P 01 W | 4498 474} 674 "BB0| @28 535| 558 880| 681 618 681 618
Total Input Power P, PP, W 5470 5218| 7447 96.80) 9108 56.82| 6142 96.80| 7494 &7.94| 7494 6794
BCR efficiency(90%) . . : 0% e N B I -
Total Powsr C: i Pon. P [P Paca Pr W 608 522 @24] 9680 1012, S882| 6824 9630) 8327 6794 8327 6794
Ecipse duration T 35 min/ 60rmin 058 e |
Ecipserato R 35%| %
Battery charge efficiency Ec 985%| %
Battery discharge efficiency E €N%| %
Battery Charge Power for eclipse P |PedBaclbay RIAR) W 32.87 6096 3704 60.98 42.70 2.7
Required total solar generating power P, Pt Pormmen. w 93.8 143.4 138.3 129.2 1261 126.1
EOL safar pow er generation degradation f. Fn 5 87%] %
Solar Generating Power at BOL [ Powm! Fo W [ 1078 164.8 158.9 148.5 1449 1449
| |
Energy for ecipse TTES lPE;rEfgm Whr 3383 6274 3842 274 4404 4404
Nominal discharge bus voliage(2cel) Voo 217V, (1.3V) 27301 V
Current capacty for eclpse [ E Ny, Ahr 12 23 14 23 1.6 16
Battery DOD Ron 20%] %
Battery Cy CIR o Ahr 8.2 11.5 7.0 11.5 8.1 8.1
“EOL solar pow er on factor= K-3 Datat=(EOL Power / BOL Power)
kU R o) S X =13 =1l =]
a9 35 79N 15 HE 24 € 2249 6

(1)) Solar Array (SA)

SAE HY AAE o] 83tq G LUAE Aol AHEE
Bt Fx ZEoth HY AXNBL FIT AA wWEE 2 A M HIEXSP,
-XSP, -ZSP)E o] Fo| At} F 719 Panel> Deployable Type ©]3, YA} 3}1}<] Panel
Body Mounted Type©]t}. SA2] £38& SPRE Eojztt) Z} Panel <I1q 3-4>¢ &2

2F ZReth

A A7AHA=Z A

Manufacturer Italy Alenia

Model Number

Length [mm] 40.95 (bare cell), 41.10 (solar cell assembly)
Width [mm)] 29.92 (bare cell), 30.10 (solar cell assembly)
Thickness [ m] 200

Weight [g] 1.30 (bare cell), 1.90 (solar cell assembly)

Bonding Material

CV2566 adhesive for cell and coverglass bonding

Contacts and Grids

Silver based metallization with a Gold outer layer
evaporated onto the p and n layers of the solar cells

Cover-glasses

Pilkington Space Technology CMG150 glass

Inter-connectors

AuwMo foil, stress-relived tabs

£ 32 w9l " Axe 72
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Substrate

Aluminum honeycomb (HEXCEL 5056) bonded to
aluminum alloy (L163) face sheets with (REDUX
312) adhesive. The filled with
STYCAST 1090 resin

exposed edges

Insulating Layer

Kapton over the Aluminum substrate

Cells per String 66
Strings per Panel |3
Total Panel |3

Number

Panel Dimension

Panel Weight [g]

2,719 g (-z), 2,587 g (%), 2,619 (+x)

Efficiency [%] 19.2
Panel Performance ;;C():C[IEX\]] 45 (7)‘558
@BOL (5 G, VMP [V] 427
AMO) IMP [mA] 4,290

PMP [W] 183
Telemetry A YSI type temperature telemetry per panel
Command None
Interface Power output connected to SPR

Telemetry output connected to NC

¥ 3-3. SAY 24

o

I{o

647.5

M- o 1+

19 3-6. Bl AA A wjd
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SPR +X -X wd 5PR
Solar Solar Solar
Fanel Panal Panal

a9 3-7. % AAB3 SPRY 44

(th Battery
Battery $14J©] Eclipseo] oA EBlFAUAE 4x £ A9 €3H ez Z AHS
258 3¢ AAd A8 & FF3e 9L I} 7} Battery Packel= 5Ahre] §%FE
= D-Size NiCd Cello] 11718 ALz AAs0] gt} F 719 Battery PackS SPRO &
Hol ¢k +25 ~ 30V W= AYS FAHsA drt

oo

Item Specifications Req. ID
Model name KR-10000MGSANYQO)

Battery type Nickel-Cadmium PWD1100
Capacity 10000mARL

Nominal Volts(cell) 1.2V

Internal Resistance 2.6mQ

Weight 400g

Operation Temperature range 0°C ~45'C(Charge), -20°C ~ 65°C (Discharge) PW01700
Extemal Dimensions(mm) 42.0(D) * 90.0(H)

¥ 3-4. Batterye] 24
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Celi Voltage, Temperature Sensor, £ T ¥ & Diode

N N\ | oem
X

]PD/SE

Battery 2

19 3-8. Battery module box®l| Abattery pack?] 91X 2 424

23 3-9. Battery pack® 7%
(2 Solar Power Regulator (SPR)

<I9g 3-10>0& SPR TZE& 7Fs] veldiz vt SPRE €S 4709 Buck type
switching regulator® T4 E Tt} Solar Panel®] WHE, 3l1}9] Battery Pack ¥ F 719
regulator’t 31t9] chaing FA T F 719 regulatore AL Y3 7HE A= £
% e AAlY cold standbyElo]t). Solar Panel3} Battery?] 2% W& 49 W
& RAS7] Y38 Temperature Compensation Network, ©]&]3 A9l W3lE MAsA A
ol3t7] 93 AT EYo]E XY= Software Control Circuitry, PWM chip?} FETE o] £
3lo] AH AE L 29 A= Switching Circuitry, 293 A¥-& DCE W3} LCE F
“J =& Output Filter, PWM Chipoll A& FF3F= PWM Chip Driver, Standby regulator=
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{_r\;
N Switching Hain +28Y
] J—-’ EMI Filter 1~ Regulator Inductor ad ey Filter Output
Solar Array FEY Switch
Temp.
Compensator t
SPR Select
Battery
- SPR Reset
Temp. PWM Digital Logic. ja——
Comm onal Leg SPA Enable
S/W Control peeemad Bllevel
T Commande—- SPR Slatus
Tetemety” """ """ SPROAGHtats |
Watch Dag

3 3-10. SPRY] F+x

Mass [g]

821.4 (box) + 225.6 (screen) + 1,048 (pcb)

Dimension [mm]

450x225%41

Regulator Topology

BUCK type switching regulator

Switching Freq. [kHz]

955

Input Voltage [V]

45~50 dependent on solar panel output voltage

Output Voltage [V]

25~30 dependent on battery charge status

Output Noise [mV]

Max 150 for ripple noise, Max 400 for spike noise

Capacity [W] 100 per regulator, 200 in total
Efficiency [%] > 90
Stability > 60 phase margin
Redundancy Tw'o regulator cold standby when two regulator
active
Relay DEUTSCH 2 pole latching type (10A), EL210117A
Six input currents from solar panels
Two input voltages from solar panels
Telemetry Two software control data
Two SPR select status
Four SPR software control mode enable status
Two SPR select commands
Four SPR software control mode enable commands
Command
Four SPR software control mode counter reset
commands
Power input from solar panels
Interface Power output to battery through BM

Telemetry/Command with NC

¥ 3-5. SPRY 74
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("h Power Supplying Unit (PSU)

PSUE SPR3} BatteryZ} 9HE0] W& 28V unregulated B AF/3tA +5v, +12V, -12V,
+20V regulated AHL RFET} PSUE <a¥ 3-11>9014 RAX= AAE +5V regulated
secondary bus& RH=E  PSU1 A9 +12V, -12V regulated secondary busE ¥r=3= PSUI B
2 FAE). 242 cold standby redundant 328 E 33}, o] Hho] PSUY F3E A
5}3 redundant 3 2E AlolatE 3 EEo] ¥EHo] Ut} PSUE Interpointrlell A A 2He
DC-DC converter?} EMI filterS o] &3}l &3t}

PSU1 A PSUI B
Al | A2 Bl | B2

Manufacturer Interpoint

MTR MTR TR TR
Model Number 28053 28058 2812D | 28012D
Input Voltage(V) 19~40 16~40 19~40 16~40
Qutput Voltage(V) 5 12
Output Capacity(W) 80 | 50 90 | 55
Efficiency(%) 80 . - 86
Operating Temperature(C) -55~85 L -55~125 -55~85 I -55~125

E 3-6. PSU DC-DC converter®] 72
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PSU

N, ey ‘__,j N Y
] —Q"ﬁm‘Ll AL . A
e Fiter i D((i;\%c N : Wheel +5V con:ros(A) -
: (+3V) TS
f sl EMI Fitter S%
el be-ne L Zal I
EMI Filter (i-12) —-—j-~'? —————— ! |wheet#sy.Gontigh®)...,, . TV '
V= comare =% ¢
i ’ - EMI Fiiter
+28Y
Whee! +5V Contro{A}
Wheel +8V ControlB).s v
Relay Cuntml{A;
Relay Control(8) -+
a9 3-11. PSUY &
Mass [g] 835.6 (box) + 224.3 (screen) + 651.0 (pcb)
Dimension [mm] 450%225%x41
Regulator topology Quasi-square wave, single ended forward converter
Switching freq. [kHz] 600
Input voltage [V] 25~29 dependent on battery charge status
Output voltage [V] 5, +12, -12, +20

Output ripple noise [mV] |< 25 @5V, < 50 @+12V, < 70 @-12V
Output spike noise [mV] < 150 @5V, < 200 @+12V, < 200 @-12V

Capacity [W] 50 @5V, 38.5 @12V, 16.5 @-12V
Efficiency [%] 80 @5V, 86 @12V
Stability >60 phase margin
Two DC-DC converter cold standby when two DC-DC
Redundancy

converter active

EMI filter Interpoint FMD28-461

DEUTSCH 2 pole latching type

EL215127A for PSU1 A, EL210127A for PSUI B
Two input currents (PSU1 A/B)

Four output voltages (5V, +12V, -12V, 28V)
Telemetry Four output currents (5V, +12V, -12V, 28V)

Two ambient temperature (PSU1 A1/Bl)

Two PSU1 A2/B2 on status

Relay

Command Two PSU1 A2/B2 on commands
Power input from battery through Pyro
Interface Power output to NC and other subsystems

Telemetry/Command with NC
¥ 3-7. PSUY 73
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(¥D Battery Monitoring (BM)

BM SPR¥} BatteryA}o]l2] A# pathE A58l wrelele] Zhzhe] o9 Ao A%

Qo wulFe $1 AUE BAFE 48 9IA <1y 312>& BMY T

HojFa o

Mass [g]

557.4

Power consumption

<20 mA @5V, <3 mA @12V, <10 mA @28V

Telemetry

Two battery charge/discharge currents
Two battery voltages
Two multiplexed cell voltages

Command

Two cell change commands

Interface

Power supplied from PSU through Pyro
Power input/output interface for Battery
Telemetry/Command with NC

BM/PDSE

¥ 3-8. BM9 w4

Cell Volts e, Cut
SRR o0y

sPR bp—

1

+28Y

Baltery

Voltage —
Sensing

o Battery

Current
Sensing

Battery

"I Temperature - < — — — —
Sensing Cell Temp.

Fire }, { Enable

28V - Cut +x
Main Pyro

Switch

i

77

Battery

a4 3-12. BMe &%

(*h Pyro Technic Device Supporting Electronic (PDSE)
Pyro= HY HXABe HAME 48] pyro deviceE: HEIE FFES FIhs7] AT =&
stz Qivh A2 HY AXfe AN FPD ol Foe AH AHEIHA Feth <2
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H 3-13>& Pyrod] FEE EAFI 3t Pyro 3B EE 327t FHE AAHNS

Manufacturer HOLEX

Model Number HOLEX 5801

Mass [g] 28.4

Dimension [mm)] 12.7 (diameter), 50.8 (length)
No-fire Current [A] 1 for 1 minute

All-fire Current [A] 4.5

Recommended All-fire Current [A]|5

Bridgewire Resistance [] 1.00.1

Temperature Range [C] -54~71

£ 3-9. Pyro device®] 4

Mass [g] 525.3

Power Consumption 21.8 A @28V for 20ms

Two pyro device cut status

Two solar panel deployment completion status
Two pyro enable commands

Two pyro device fire commands

Power supplied from Battery through BM
Interface Power output to Pyro devices
Telemetry/Command with NC

¥ 3-10. Pyro9 T34

Telemetry

Command

PZPW Con
D25F
Switch Pyro Module .
On/Off I
o o Main
SPR l
P Backup .~ o r 25M
T %
r——-——-l B1 Al A2 B2
NE
E ' EnableAt FireA & Main Pyro : Al, A2
>| |wm cag ' c® Eioe® Backup Pyro : Bl1, B2
NC1 Module

719 3-13. PDSEY 7%
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L. ZpA| A o] B

(1) A=d 27

A AN A2 HAdA 9
Ak AA ¥R & kst g 2 FANEGS LHAIAF
AHES AYFo=
93rg gt} 3% Reaction Wheel (RW) Alo|®]3} Fiber Optic
(STS), BlFAA(ASS, CSS)ell Wlet 71&5 =4l Aol &R S/w

A B5

=

il
=

Al T At &8ss
Gyro (FOG), Star Sensor
Awstn Agech

(o JP=X

2% 4A =7

@ A=d 2TAY 2 2y

AMA ] N2l g%

F7F aaolt

FoAA 7HE Aol He

g F QA AR AL

Req. ID Req. Title Description
Three-axis stabilization method with zero momentum bias
. closed loop system shall be used for attitude control of the
AC00100 ACS Design ] ) ) i
satellite. The attitude control system design shall be consistent
with this requirement.
A ttitud el TheACS shall provide attitude determination and control of
AC00200 |Determination and |the satellite during SSP operations for two years of mission
Conirol Function life.
AC00300 Sun Acquisition| The ACS shall provide sun acquisition capabilities to
Function support safety and recovery operations.
ACD0400 Automatic  Failure] The ACS shall support automatic failure detection and
Detection Function satellite safety for up to 30 days without ground intervention.
- The ACS shall maintain the solar arrays sun-pointed and
Sun Pointing .
AC00500 ] provide FIMS and star sensors (WIST and NAST) sun
Function ]
avoidance.
M omentum| The ACS shall provide automatic momentum management
ACO00600 .
Management Function | for the reaction wheels.
The ACS shall provide attitude control with respect to the
AC00700 Reference Frame local vertical and local horizontal reference frame for the SSP
operations.
AC00800 ACS Operating| The ACS shall provide operation modes sufficient to
Modes and Conditions |support the payload operation. (Section 3.3 in K4SE23100 for
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details)

x-axis < 1.2 deg.

Attitude Knowledge | y-axis <5°
z-axis < 5°
x-axis < 1.2 deg.
SE01200| Pointing Accuracy y-axis < 2.5 (2) ~ 30 (1) (PO)
z-axis < 24 (PO:2)~ 2.56 (SS:2)
Maintain the attitude pointing accuracy within the
SE04100 Short Term Stability o . P g. Y
knowledge limit during a readout period 1 second.
x-axis < 1.2 /25min
Long Term Stability | y-axis < 0.5 /25min
z-axis < 2.56 /25min
AC00900 Sun Tracking Mode| The ACS shall be capable of entering into the sun tracking
Initiation mode from any arbitrary initial spacecraft attitude.
ACO1000 Solar Array Sun| The ACS shall be capable of pointing the solar arrays
Pointing normal to the sun within 8o (1)
ACO1100 Sun The sun avoidance angle specified in the ICDs for the FIMS
Avoidance Angle |and star sensors (NAST and WIST) shall be accommodated.
o The ACS shall be capable of automatic closed-loop
Sun Acquisition L . ) ..
AC01200 i acquisition of the sun in less than 10 minutes after activation
ime
of the sun tracking mode in sunlight.
Maneuvering The ACS attitude control shall meet the mission pointing
ACO01300 o
Capability requirements.
. The short and long term attitude stability shall meet the
AC01400 Stability o o ;
mission pointing requirements.
ACO1500 Momentum The ACS shall be capable of unloading wheel momentum
Unloading by the use of magnetic torquers.
Attitude o .
L The Accuracyof satellite attitude determination shall satisfy
AC01600 Determination
the attitude knowledge requirements.
Accuracy
ACO1700 Attitude Reference| The satellite shall provide a real-time attitude determination
Update function and shall provide an attitude reference update.
Attitude The ACS shall b ble of ting the attitud
e
AC01800 | Determination © snafl be capable O propagatimg Te #
. reference.
Propagation
Th trol actuat hall sati the worst case
AC01900 | Actuator Margins ¢ control actuators shall satisfy the worst
environment and in-orbit disturbances with sufficient margins.
Attitude control algorithms required for all satellite
AC02000 Control Algorithms |operational modes shall be implemented in the satellite
on-board processor.
AC02100 Ground Command| Ground command shall be capable of overriding all
Override on-board autonomous functions.

E 311 2" 97AY BAE
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A Q7 A F, A9 A E33719] PO(Point Obseration) 2= guwje] Q- Abstol 7H3
L AFEY AM FFUIE g 3tk 3% AA AoE ML 354 AA
=3 45 AAe FE7I7F o8ttt ol& Y3, 3% reaction wheel, gyro, star sensor,

sun sensor, magnetometerS AH8-3tc}

3) 715 2 +4
AAAS N2Be A, BA A7), Aol AR A B U] Ak o] A2
do) 39 AR ANAE 8¢ WA 03 PN AN 2 PayloadS el A
oz 289 4 A shedl U

l

(h WBS (Work Breakdown Structure)

ACS (Attitude Control Subsystem)

ASS ' css
{Analogue Sun Sensor) {Coarse Sun Sensor)
GPS NMAG
{Global Positioning System) {Navigation Magnetometer)
WIST NAST
(Wide Field of View Star Sensor) (Narrow Field of View Star Sensor)
MTQR
Gym _
(Magnetorquer)
RW FSW
{Reaction Wheel) (Flight Software)

29 3-14. A Aol 8 Work Breakdown Structure
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(h TE=

NC3 GPS

Ne2 [

pagil s =)
nalog Telemetry R
e Direct Link MTQ

a9 3-15. AAA|o]E A B A]2E Block Diagram

@ AA Aol AR
AHH Aol 4 HFEEE OBCIE AHE3lH OBC2E Back-uplE AME3Ho

@ E3 2R

S35 9 2o 4749 BE P(Reaction whee)S VN EFoE WAAPOEA, Y
A F9 o= shte Hol nFUHEE BE wgoz A AAE AT F ¢
EJE 24NZ § Aok JAZ0) dEAE e 8, EFETY O & EAE 24N
Sgozy AAF g AAAZE golshA BSATE A7) BATIE 2D
23 a4se AR AFANEE wHgAA EAE deth F2 RWY
Momentum Dumping®l] 221t}

»
e e =

i
it

=2
T

Q@ AAF

A E3E AMBAE 2% HFAXASS) 17], 2& Fv =y g FAA(CSS) 37] 3%
A 2}7] ZA7I(NMAG) 271, 3% + 1 Spare (y)% Fiber Optic Gyro(FOG) Al2=¥ 17], ¥z}
AZ1STS) 2717k ek Zol2 ek BAA V= A 35AASHA AMEH, HF Ax
ARl ZA7E 2 Bt @ AU A SHo AHERTh olE &AM AASHA YL
€ Holee F8¥Y L& B3 AYxE FAh |
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4 &% 2=

(7h 271 AA A3 B e

Aol 2ACcZRE EId AF Y &9 F, A2 ooz dFd AA AE EFH
2 A%, A9 AME d$ BRsA 2§ Ak o] We F AFY IF 4E5=E
ZAUAEA, B 38 REdAs} 2e AAE #ASES Bt ASS, NMAG, FOG7H
AXZA AHEE I, MIQRF 75 ZX =24 &84

.I
¢

1) FAFE(OBCI E= OBC2)7} resetdd, ROMl & Z7|$/HS BE T2
o] T&3HA At

y 27|3/E3% RE T2 gWe Wx RwWY HHo) I A ARE B4,
FIFH2 oW B3 FER FFHL QA fod 273 REE BT

3) 2718 B22 B3t ¥, oA FOGe] AFo) FFHL JEAY AFE FAstH,
FTFHT oW FOGE o143 Ao} xnFoz, FFFHL AR LW, FOGE

o] 382 ¥ dmPFo FTHAT
4) FOGE ol83}A &< ¢x
D A=849 FEAHAS BASY, FEINY AZLAE o]§F Ao udFLE,
FEIA Fod HAELAE o] LAY Ao FaFoz Sojtrt. 279
ROMIl& FEIALL ATt A= glon, Ao ASF A=2s
E A4 488 + vk
@ AELAE ol &AYLL dugdFo] A$, NMAGTHE o] &5t A4 &=
£ FAYzith
Q@ A=2A7F FashE, eclipse FolE NMAGEE, sunlight”]tellE ASS9
NMAGE 37 ol&3tdd, A9 &g E9qvdst T4 A4 B A
AR/(-zH)ol B FE FEE Aot}
5) FOGE °| &% ¢u=F9 3¢
O A=gxe FEAS B, FEsE AELAE ol 8T Ao duIFLE,
FaFAFoH AELAE o] 45A] &2 Ao dunIdFezr EoJirh 279
ROMO| = FEIIAZL A4V AAFHAged, (oA HIAF A=84%
€ A4 48 5 AUt
@ AZLAE o 83X YuFE A$ FOGE HEH AT A&E=E 9
Wts ko g E3E w77 913, NMAGE °|435td MTQRE 34



).

@ Ax=L2A7} F&EEH, eclipse TAol= @9 Zol FFA7]1, sunlight 7]t &
ASSSt NMAGE ©| 8§39 3%9 AXHE ¢1 FOGY Z7|#< v Et. 94
o] A& & UL T4 A9 B FAR(-ZH)O] HEFE =T A
o gttt}

(h HEAFAAEE = ,
Z7|RA GRS BEdA WEEE AMEste] BGAARe] HEH} £ HES
AAE Aolste Rzoth & Huige] AY FFo| JEAEF: AAE FAANA
Wrte R =olth ASS, CSS, NMAG, FOGo| AA=2A AMg-5 i, RWo] FTF53A
2] MTQR”} Momentum Dumping &2 2 &89t} '

(th AgeEEE
71RA R QIAFANGSRES} FLoht, AFAFTAYFTH eclipse F oA
AE RAM 3 HAF, AFHAA IR0l Xt HEANFAALSEESY
WRE7FA 2 ASS, CSS, NMAG, FOGo] AAMZAN AMEHI, AFHAMAFTIEEA
FAA7E FrHHoer AMgdth BEHol FIEFNEA AMEHI, MTQR7L
Momentum Dumping& 22 &8-Hr}

() FAAEERE

1) ¥4 PS5 2= (Pointing Observation Mode) : B4 FHEA A9 ZtFo) Uit A Z
£EE 00 HEF 53, A7 49 dite BIFE AFse R=olttk M 2
AAAFE LG ANAZALEE QFss BREo|th ¥EA] HAXTL AR5
ofsti Wy ol FTEFIANRA ELHETh

2) AHAFSE=( Sky Survey Mode ) : FEFHEA NN AAANA A Fste] FA 7R 9
18025 2085 &8t Zeojrh BABSEES vizyiAlz HAX 7 AMEH
ojopsti WFHoO| FTFFXN2A T4H)

3) AAAEF7IRARE A A B8 oln] €37 FE ALtd =
AWk Reoltt, HAX It AHEH o oksta wiEPo] FTEFXRA &84t

4 AAVHAEHRAFRE : 49 +XFo] ARy e e} 2L WEo] HEE JAE A
ol RE2A $FEIURANZ BZF 9 AEHCL ASS, CSS, NMAG, FOGO]
AMZA AMGHILNFH] FTFEAN2A 48

i
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(th B3r=

OBC1 X O0BC29 F&o] AXHE A%, olx A Fo AFHoz Aoj§ HFEHIL
reseto] HWA o] BE BE Foj7bAl Aok 2 AAUAMY A7 FEIE EH
o, A9 AL sAEc

) A" 74 2 734

(7h MTQR (Magnetorquer)

=
FE B AT 598 FRE 7R MTIQRI, 2 F/09 Redundantdt BE= T4 H o

AT
Micro-processor
' Control X.Y,Z Coils
7 Logic
3
Polarity X,Y,Z | ’
Command
& Data Tx
8 | Protection -
Rx 7 Logic
Current Controi
Tx 5 Power Switch
1 Power +28V —
* Reference Voltages
Watch Dog
Firing Command | control L, DAC
"1 Logic T1XY.zZ
Read X,Y,Z 4

£

3 }

/

7

8 Data

1Y 3-16. MTQRE] Block Diagram
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Number of Modules |2 AC00600
Capability 256 level, Bi-directional (3-axis) |[AC01500
Dynamic Range >~10Am2 AC01900
Power IW @ Normal, 22W @ Peak (each)

Weight 2.8 kg (each)

Dimension 225%225%32 mm3 (each)

Interface 9600 bps (each)

¥ 3-12. MTQR #4

(Wh 2% = FAA1(ASS)

]
o

ek
4 2

4ol WA F Be 7] ANAATH FARE 84 Dotk HIAL T RFos
cmz ggAMel @ AT AN WFe) AANE Lop ¥ 5 Uk AR
A71% A ASFL2A B AEA WlA 35 Y FRE AL F A 2

% B WETE 2 AL e 2o

[e]]

2] a

[¢]

A

N
e

1 %

Solar cell 1

ELECTRONIC To NC3
AMP 1 CIRCUIT
A
Output cell_1 A,B
AMP
Solar celt 2 Fig‘er
AMP 2
A Qutputcell_2AB
+12V -12v
l Power J NC3

19 3-17. ASS Block Diagram
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Number of Modules |1 AC00300, AC00500
Accuracy < 0.5 degree(2-axis) AC01000

FOV > 60 degree

Power <0.1W

Weight 0.2kg

¥ 3-13. ASST4

—— ASS/HorA
—— ASS/HorB

ASS/VerA
—— ASS/VerB

1 96 191 286 381 476 571 666 761 856 951

Y 3-18. AX Ao A A3

(T 2% 39 @G AAH(CSS)
A4 WAk F B 27 AAGAT FARE ¢4 Basith BYRe F Yoz
£3Y # gonz JdgAd dE AT P9 Hee 9XE Fob A & Utk A
7) ANk @A AEFeEA BH AEA olA 350 U ARE AL F Ak 2
% B WETE L FA4L geF 2o
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Item Specification Req. ID
Number of Modules 3 AC00100
Power 0.1W
Accuracy (3-axis) <3 degree
2] >+ 50 degree
Weight 0.15kg
Dimension 60x60x26x mm”"3
Interface Analog : 4
E 3-14. CSSTH A
Sollar Cell_A

OP-AMP A

Sollar Cell_B

Sollar Cell_C

™~
l/
7//////////1—l> OP-AMP C

Il: OP-AMP B

Electronics

S~

0272

Sollar Cell_D

%RAMP D

138 3-19. CSS Block Diagram

v N 4\ -12v

Power

_50_

NC3

———————— OutputA
f———————=3 OutputB
——————=» OulputC
SN Output D

To NC3




——CSS1/A
——CSS1/8B

g 3-20. Ax A9 54 A5

—CS8Ss1/C
——CS31/D

a3y 321, A% A9 &R Ax
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——CSS2/A
— (CSS2/B

g 322, Ax Ao A A3

—CS§S82/C
——CSSs2/D

a3 3-23. A% A A 43
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29 324, A% Aole) 24 A% -

——CSS3/C
—— CSS3/D
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(8D 3% Magnetometer

A4l A AL gAY Fovel #A flol AAE AASIL AV|TFE FAE T
s=d 293 ARE AT NMAGS ZYE ZAZ HEADY SensingZUelA A=
Aol AA71E A OPAMPE o] &3l FE, FE3o 0~5ve] SHALES AL,
olejge] X, Y, Z 3%o] g A9 A71E NC3o) ATk E= FFAA S 4
gol= T2 A5 E AT

Magpnetic field —— RX
- Detection [ Telemetry&
Integrator Level shifter ———=> Ry
A A = Rz
Temp
2f I
ToNC3
Clock | Drive f »{ Magnetometer
Generation =1 Circuit . Head (Coil)
Drive
+12V 4\ A -12v
vV AGND =
Power NC3
DGND —=-
REF Voltage

13 3-26. Magnetometer®} 38 tho]o] 13

Item Specification Req. ID
Number of Modules 1 AC00100
Power 0.5W

Accuracy (3-axis) 30nT AC00200
Dynamic Range > 60T

Weight 0.3 kg

Dimension 128x68x47 mm"3

Interface Analog : 4

¥ 3-15. MagnetometerTF2
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—NMAG/X
———NMAG/Y
NMAG/Z

1% 3-27. On-orbit 23}

("H ¥FE "(Reaction Wheel)

s E L 92 350 ALY S AFE 5Y Teldix AZFE YA +2E 3%
of AHES B8 Bste] AL A Fol AFH 2R FHANEE AAFIUY. = EAFH
7b58t7] WEel AojdnalES Fas= oA FEld Fol Qo sk 5Vek 20V F A4
o] A9o] Heata, 20Ve] 7%, surge currentol]l T3 2|71 H e 3lth= Ao HA 4 HoE
ol

Telemetry [ > PWM signaj;
FPGA 3 Phase
:> Power FET Power FET
Watchdo > 3 Phase Driver ;
9 < (Watchdog, Signal Logic, commut. H-Bridge
Commutator) sonl o bitsignal 3 Phase PWM
+2 < Current ﬂ
Internal +20V
—p»{  Power :;\1,\/ 3
oV PWM signal 16 Bit Data | |Addr. & Ctr Hall Sensors 3 Phase
Comm. Serial Data_, (192 pulses Brushless
(RS-422) N DSP /rev &1 DC-mot
“ pulse /rev) -motor
8 Bit Data
(Position & Speed
EEPROM Acquisition, PWM,
<"::> Watchdog, Speed & T
10 MHz

12 Bit Data

29 328 WHEHY BE tholojad
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Item Specifications Req. ID

Number of Modules 4 AC01300
Accuracy 0.1 rpm/bit AC01400
Dynamic Range 0.12 Nms, 5 mNm @ Normal  |AC01900

<2W @ Normal, 4W @ Peak

Power
(each)
Weight 0.7kg (each)
Dimension 95120 mm3 (each)
Interface RS-422, 9600 bps (each)

¥ 3-16. ¥+58 3

(¥h) #lo] A A}o] Z(Fiber Optic Gyro)

FOG (Fiber Optic Gyro):= =< LITEF A2 2 €] 1934t} LaserE ©o]-&3 333 H 2 A}

Ja A4 HA AE=E W FLsA 59T Yok

Photo detector

Signal processing

Beam splitter

V

Light
RS-422, 9600 bps
source (NC2)
+5V
Fiber coil /t\
Power PSU2
29 3-29. HojAA ol WF T

Item Specifications Req: ID
Number of Modules 4 ACO01300
Accuracy 3o/hr (1) with star sensor AC01400
Dynamic Range > 1000 o/sec
Power 2W (each)
Weight 0.14 kg (each)

- BR -




Dimension 1006521 mm3 (each)
Interface RS-422, 9600 bps (each)

E 3-17. FOG #+3

¢h w7 2 B2 Has

47 @ 37 AL 92833 HANE AFstel AAARALE D ANSHARA
o) ME 48 Axdolth 7124 AU ¢ F2E $ed 339 $YshY, cop
FEASLAYIRY BE A28 AAFoR Atk 2 WHIAS AFae

Fol Boje dHAARE AHEItsetEE AAHANG.

o

Clock & Timing signal
Gensrator Reference
Voltage [
Line driver Co\r\;/trol
\ i i == Analog-to-
2—dxrg%nasxonal Sample & hold Digi?al
CCD amplifier Converter

LENS ASSEMBLY | Cooler
Themp. sensor

Cooler control
\
- =~ Serial
Link DSP CCD Image
Interface Buffer
\
Boot ROM FProgram Memory Data Memory
a9 330, 34 42 A HAM R 7=
Item Specifications Req. ID
Number of Modules 1 AC00200
Accuracy 1 (3-axis, 1) AC00800, AC01600
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FOV 20 020 o
Power SW
Weight 1kg
Dimension 125125500*mm3
Interface RS-422, 19200 bps
¥ 3-18. FZEAA w4
Item Specifications Req. ID
Number of Modules 1 AC00200
Accuracy 10 (3-axis, 1) AC00800, AC01600
FOV >100100
Power 10W
Weight 2 kg
Dimension 130130500* mm3
Interface RS-422, 19200 bps

(°h GPS F417]

GPS 54171 AR A BB e

=49 AHE-EY. § 7l 9] GPS

)\)\]

T

¥ 3-19. @ZEAA 714

A717F AR eH, oF 50

- B8 -

g3 247198 F4

FE 9} N 25718 3

m X FFEE 7Y



Antenna

LNA

Memory Control

EPROM
2 X 16 bit
LOADER
+CODE

SRAM
2 X 16bit
DATA
MEMORY

SRAM
2 X 16bit
CODE
MEMORY

Processor Control |

Data & Addr BUS

EDAC Module

Interrupts

LC
FILTER SAWF
-

12-CHANNEL
RF CORRELATOR

END > FUNCTIONS

(SERIAL PORT, |

MEM. CTRL)

U SI/C Inteface
g 3-31.

_59_
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JTEM

Frequency 1575.42MHZ (L1 C/A)
TTFF < 20 min
Max. Altitude 1,000 km
Max. Velocity 10 km/sec
Position Accuracy < 50m
Power 2w
Dimension 200X120 X16 mm3
Mass 1Kg (only unit)
Interface Serial 9600bps

¥ 3-20. GPSRY] 1134
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o %3 2

Y 2 HolH A

System), B3 2 dlolg A&
A1 782l NC(Node Controller), 18] 1
g3 2 o]y AHei

At

gPe 54

H

T AF, GAA &8, gAML vy AF R AL

ORELE-=
REE I
ol¥]

F440] gold 447

944 dHolg U=
2 7IsE AT

9 W ALUNOS sl

dlo} ¥ A 2] 5 (Command & Data Handling System)

H] 3

= 949 FBAA Aol L A,

@

— I
5o dFE

] Z(On-board data network)E 7%

o

A &3S

L B 2 q WS AR

<

et QS GAA R

@ Az" 2TAY Z B

U2 ¥= C&DH A

de a7AREL A9 Aotk

= %7)¢ OBC(On-board computer), F712] MMS(Mass Memory
A X EoJ(CDS Flight Software), Uplink Processor, o
NCEe Ago2 FAHE Networke 2 T4HH
A e B4,
Bu) 2 22, SOH(State of Health) HlolEl9] A L AF, AAAUF A

o] MEA 27

3} A7) o
.

Req't ID Item Description Remarks
Telecommand [The C&DH subsystem shall provide receiving,
CD00100 (Handling authentication, decoding, storage and delivery of
Function data from groundstation.
Telemetry
. The C&DH subsystem shall collect, format, store
CD00200 |Handling )
. and transmit spacecraft data.
Function
Data Handling |The C&DH subsystem shall provide the processing
CD00300 , i
Function of request from groundstation.
. The C&DH subsystem shall check health data and
Housekeeping ) i
CD00400 ] control the instrument for satellite safety and
Function o .
distribute a reference time.
_|Payload
. The C&DH subsystem shall support payloads
CD00500 |Operation . . .
. operations using OBC flight software.
Function
Attitude )
The C&DH subsystem shall provide attitude control
CD00600 [Control ] ) )
. function using OBC flight software.
Function

-.61_
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The C&DH subsystem shall be designed to have an

CD00700 Uplink uplink code block error detection capability.
Validation Commands shall not be loaded in the satellite
unless the satellite address is valid.
Accepted/Reject )
Accepted/rejected command status shall be
CD00800 |ed Command
telemetered.
Status
The C&DH subsystem shall provide the capability
On-board ) . ]
CD00900 for uploading and verification of OBC processor
memory loads
memory loads.
The C&DH subsystem shall be designed to have a
CD01000 Downlink downlink code block error detection capability.
Validation The C&DH data shall be formatted into telemetry
frames compatible with the ground station.
Health and ) .
All health and status data shall be available in
CDO01100 {Status data .
o real-time during ground station contact time.
availability
Simultaneous
The C&DH subsystem shall be capable of
Data Record . ] .
CD01200 ) simultaneous recording data and downlinking
and Real Time e
telemetry.
Telemetry
The receipt and execution of a real-time command
shall always take precedence over the execution of
any stored commands
The absolute timed commands of stored command
€D01300 Command shall take precede the relative timed commands.
Scheduling The C&DH subsystem shall provide for changing
the order of stored command execution via ground
command.
It shall be possible to overwrite a stored command
prior to its execution by ground command.
The C&DH subsystem shall control and direct the
. Command ) i
CD01400 . instrument operations as specified in Interface
Execution
. Control Documents.
The C&DH subsystem shall control and direct the
instrument operations as specified in Interface
Command
CD01400 . Control Documents. Normal command executions of
Execution

instruments shall be accomplished via the stored

commands.Real-time uplink command execution

- 62 -




capability shall be provided.

CD01500

Data Collection

The C&DH subsystem shall collect instrument
science data, instrument engineering data and

satellite engineering data.

Data & The C&DH shall manage a minimum of 5Mbytes
CD01600 (Program of data memory for engineering data storage
Memory including DCS and NAST data
The C&DH subsystem shall be capable of dumping
CD01700 [Memory Dump
the contents of the memory to the ground.
CDO1800 Nonvolatile All initialization data and the key parameters shall
Memory be contained in EPROM within the OBC.
Singe Event A single event upset shall not cause loss of the
CD01900 )
Upset satellite or mission.
An independent watchdog timer shall monitor the
Watchdog
. health of the processors and shall have the
CD02000 |Timer . ) o ]
o capability to initiate a transition to a contingency
Monitoring ] )
state if an anomaly is detected.
The backup processor element shall be granted
Backup
control of the spacecraft and shall boot-up a
CD02100 |Processor .
safe-hold mode upon the detection of a primary
Element
processor anomaly.
The C&DH subsystem shall work with anomalies
CD02200 (Safing Process

during in-orbit operations.

CD02300 SPR Control  [The C&DH subsystem shall have a OBC software

Function that control SPR back up mode operation.

Clock

. The C&DH subsystem clock shall be adjustable
CD02500 !Adjustment o _ i )
within 0.1 msec of universal time coordinate (UTC).

Accuracy

Clock The C&DH subsystem shall provide the on-board
CD02600 |Adjustment clock adjustment capability from the ground or

Source derived on-board.

CD02700

Scheduling and

Management

The C&DH shall be able to schedule, manage and

control the payload operation scenario.

CD02800

Scheduling and

management

The C&DH shall be able to schedule, manage and

control the attitude control scenario.

The flight software function consists of attitude

control, telemetry processing, telecommand

CD02900 [Function ]
processing, payload instrument control, and safe
mode control, etc.

CD03000 [Modularity The flight software shall have a modular design.
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The S/W shall be uploaded upon the detection of

CD03100 |Reloading ) i
problems in the flight S/W.
. |The database and parameters used in the S/W shall
CD03200 |Reconfiguration i .
be in-orbit reconfigurable.
Coding with ) . )
) The flight software shall be coded using a higher
CD03300 {Higher Order
order language.
Language
. The software shall be implemented with top-down
Functional . . .
CD03400 . |structure and shall support real-time operation with
Implementation | o .
interrupts and’ priority scheduling.
The following functions shall be software-controlled
and allow modifications during orbit operation to
work around anomalies:
Software - Attitude control law
CD03500 |Controlled - On-board monitoring and safing response
Functions - Housekeeping functions
- Telemetry format allocation
- Command decoding
Stored command processing
The flight software shall use codes from the
CD03600 |S/W Reuse previouse missions according to the software reuse
concept.
CD03700 Performance The flight software shall satisfy all software related
Requirements  |functional performance requirements above.
MMS Memory [MMS shall be capable of storing 1Gbits of SSP
CD03800 |
Size data.
MMS Duty
CD03900 Cvel The duty cycle of MMS shall be 100%.
ycle
MMS shall collects the data from FIMS, SST, LP
and SM during aurora observation and from FIMS
CD0A000 MMS | during point observation, sky survey, day. air-glow
Operation and night air-glow and from DCS operations. MMS
shall transmit the stored SSP & DCS data to DRS
via X-band (or S-band) transmitter
MMS Serial MMS shall ith OBC through serial
tr. t witl t
CD04100 |Communication snatl transact wi ough sena
] communication links.
Link to OBC
MMS The MMS shall be designed th
€ t t
CD04200 {Environmental , shatl be designed fo meet The
o specification in K4SE28100.
Conditions

¥ 3-21 C&DH Al2d 8FALg

IR
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@7 2 =

(7h) WBS
t}e 1YL C&DHYE 9 4% FRE(WBS)o|t}.

C8DOH System

OBCH1 08C2 NCt NC3 NC4 UP Mh;’lS‘E Ms2

13 3-32 C&DH System WBS

CaDH A2ds) FzE tg 293 2ol ERAE £F5E B A NCER 94
<)
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Modem,

MUX

ll. Jk‘ . ‘

3 CH1 CH2 CH3
i CHS NC 2 '

Modem,
Umbilical

1% 3-33 C&DH A2¥ AT

@) 2EERE
o HaEY o]y A|Ade 28T = A AAY AT v LHI BAES 2=

Oh BA mE

o 9ol WAL Fholt ¥ L HolH AYRelx A AW FFo| FwA

o NCt MAAZREH 229 SA0 Agde ¥
o OBCl& NC7} HAE & Fo| gy 3] ddg TFLE
o NCs¢t OBCe AAFFH Tl BF z71ag APdch

o F HFEH= ROMe| Z2IYPES o] 83t ¥y % ArjddE FYPdt
o AHAFY BFS A olde] flm, FHAI 22V o) FAH
TA7NE ST 944 FrE Adezw AL

i
it
i
)

..66_



o 27 AMANE AR,
';T{_
o HIFAAT AAE 271G e e WHol od B AdY) 9ARA ARE

o},

i
M

2ol oA AGer FE AFHE BB FAcH

.

("h R3IEE=

o A4S Rl A BARES Aol 4 BA 98 F3) et AYY nEW
E §24g FYPY. o] Aol Mo FANE oW ME YU DE F, BFF
Arze) AAAel REE FY5A Ak

) A=’ 74 R 4

(hH OBC H/W

D N

#1°8 AH-8-5= " 3 5 E(On-board Computer, OBC)= H1449] €93 93, 94 A3 Hx
AE GFD 715E FPsHE A9 FHo APt FT A2goloh 53 ez
2 239949 %% 0BCE B 2 volg Ha) & ohjet AAA ], AAlel o277
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T @AM E T2 & F UEE A ok dt. A3 YA 15 OBCE ¢ 359 = ¢
2] FPGA(Field Programmable Gate Array)E o] &3} A 2 279 42¥3E FF319 2, v
E Y3 AEENetwork Controllen) & WA go2H 1402 YA EYI HEE 5 A
EF TAHJYG 28 F8A A A A A == SEU(Single Event Upset)ol]l ¥k 57 54
£ FYAFA T By olye} 7| £ o2 EEPROMS A o 24 2 33504 FA471 5
R g A 7 FE 2 ROMol A9 1] 3] & X E ¢ o) (Flight Software)2] & 7 Al vl 9} Aol 4
ZE I E ¢ 2Q(uploading) 3 of 3tE HAZ S S &AL, g2 2 AFl= ZAs}
= H/WZ} 2 A H AT

F

1

@ At
I T Req. ID
Dimension 197mm x 431mm x 20mm
Weight ~500g (~1.2Kg including box)

540 ~ 580mA@5V(OBC1)

560 ~ 620mA@SV(OBC2)
CPU Intel 80960MC
Clock Speed 9.8304MHz
Floating Point Unit |On Chip FPU
FPGA Actel 1460A x 2
Program Memory [2MBytes with HW EDAC CD01900
128Kbytes EPROM(OBC1)

512Kbytes EPROM(OBC2)

Power Consumption

Boot ROM

512Kb EPROM CDOTS00
tes
Task Storage ROM Y CD03100

1Mbytes EEPROM CD03200

CD01600
CD01900

RAM Disk 6Mbytes with SW EDAC

78530 SCC x 3 (Serial)

8-bit FIFO (Parallel)
SPR Controller |IDAC x 2 (SPR Ibat & Direct Duty Reference Input) CD02300
Watchdog Timer [IEA CD02000

Serial/Parallel /O

¥ 3-22 OBC A}%

Q@ +=
#3415 OBCE YA 24 X|(CPU), v 3 2T Eo]E AAstn AyPsir] I =2
# | 5 2] (Program Memory)$} EPROM, 14 9] 48] A B A& 1% % t] 2= (RAM Disk), H]
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3 AT EYo]E A 51719 S EEPROM, CPU ZHA] 2 ] M (Reset)-S 9] 3t Watchdog 23], 7}
AR A" FAS 93 49 A FA AEEF(Serial Communication Controller,
SCO), 9148 M EY =99 &L 93 ¥ E YA A o) 7](Network Controller), Z18] 31 A& A}
gl o] Z 93 DAC(Digital to Analog Converter) 2 T4 5o dth =3 A9 159 F+ &
A A Q1 QA 2}2] 4 B33 7] (Far-Ultraviolet Imaging Spectrograph, FIMS)$} 2] A7k 571 & 3 A &
3] 1%wut} wAI3= PPS(Pulse Per Second) Al FAiv]¢)l, OBCel A7+ BAS 3|
GPS(Global Positioning System) 252X 5 wjZxultt B A= E2 N3 E WolEq 71 EY
T AE 2AL 7HA L Atk

U

2 EPROMO
07 B €S> (56 Q8e,
lscona EPROMT et ) v
128K 4TS
Ch2, CLKT seer e (512 Kbytes, e 0G50 fitg [F lowicned)
oh2, CLkp ] SC02A Boot Rom) ottt il
cre Okt ] {8 I A i
Che. CLK2 4 SCCE A Program Memory | %2, g it W)
Chy, Tx! - (2 ibytes) ) 32 CP
on. Tx2 ] 59954y S DL
(e Cnt. Ta1 <] FPGAT | (80080C)
MUX4| | EDAC Memory | 24, 9:8MHz
Ch2, Txt - 3 {2 Mbytes « ; ad
(<23 Cha, Fxt -4 ) f«:{:{x&ci address
Che, Txt ) . - (A0 £oAc
Chd, 22 4 SCC3, & g st B ) onfolf
Ch3, Te-umbil =] PG Py * feset
' %, engble, ROY FPGA2 »
AZAE, "*0-“" Sial  21-31 : Reset / Watchdog je——— Reset 7 Aur
VHE Rt/DCE ¥ia.0h0 5001 g :f ?;;:QPPS
NCZ 1AC} 3.0 (28530 [ jerabie Data / Address Pes
S-band » A ) e - - FOH
e RERED ® MUK | 3 | Bus Tranceiver {132, BUs Fage HAL
iy * AzhZ L. A
wrnepEp —f > Fet ™ soe2 | e ] He280) |1 &,
3 o] ‘ o —_— ¥
NT3 1AT) M,[ :M:UXSj 8, cM(ZE& 530) coiBe] -—» temp,
_ %2 | RAM Disk
MUYE T GMoves) | He
TC0 | r R
g U R0 1o, ! » e oD A
s 6 ' N ad (NG5, (6) 7™ I NC5 (6} ;————**_._____.._::awus Tx
Nsh o o p g T cnel Ll ! o MODH2 R
—
S50 ot 3 8 Lo e m e o—" - LTy
s DAC! s g PAREGET:
1 {512K+8}
LED |
eeprona | o | | 5[ eeprowd
{(512K+8) - {512Ks8)

#0 Bus-! 0 Bus-
13 3-34 OBC A &

@ 9JF-9}o] Interface

OBCE= W& NCE %3t NC Networkol] H<&=H 0], Batterye] &3 Ao E s 5 719
0~5[V] A& & SPRo| FFett AdeMe AEE A3l F 714 Umbilicalo] 3o, 7}
A Aol A T4 93 NC2st NC32 AH dZ5E Chamnelg 3 gioh 193,
Uplink®} DownlinkE $]3) Modulator®} Demodulator2 @d=+E Al 712 Channeld zt3
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%0,
£

+5V, switohed
GND
le————— EDAC onfoff
te————RoBet / Bun
GP8 PP8
ROM Pags HiL
Temp. line
FiM8 FPPS
HF NC Recet/Run
MCDHI Px
MCODHY Tx
(VHF-' MCDHZ Bx
S-bandi, MCDH2 Tx
=3
umbflical —| SPR

1Y 3-35 OBCY] 9% Interface

® CPU

9218 33 OBC9 5 CPUEAM A4 Aol & A2D(H9] RISK 3?1 80960MC7t AH-E-5
2 th. 80960MCE 4= X] A Ak A} (Floating Point Unit)& A8t Q1 1, 4719] A2 HE 9 A Y
EE AT F gou, B2E AN A(Burst Access)E A Q4 3Ecl. 20Mhze] FEA O
20MIPS 9] 454 Bol& CPU o] Xt #3914 15 2 $e)d3soM e Y L2 %8 37
3te] 29 F314-2 9.8MHzE A3 3 th OBCY 4749 I HE = th&3 o] =AY

- INTO: Task Timer Interrupt (OBC O/S ¢] Task Switch & Timer)

- INT1: SCCI Interrupt(3] & F 4l 8, 2Channels)

- INT2: SCC2&3 Interrupt(Z] 2 4l &, 4Channels, daisy chain)

- INT3: ADCS/FIFO Interrupt(z} 4] A o] €] 2 =(1/3.75sec) 2 FIFO -8-)

® Boot ROM

OBC<] ¥ 2 8-Bit (EPROM1) % = 32-Bit (EPROMO0)¢] ¥ % # 2] Boot ROM< X} 3} A}
$271 47t A9 = JEE T H =Y 8-Bit Boot ROMS AHE-3F 7 ¢ Boot ROME 41
A} 2=(Access)dto} 32-Bit Hlo|E} &2 W33 t}S CPUo A|F 3t} 3 E I =(Boot Code)ol| A=
F3 £x & 29X F2381A 7] wF o 8-Bit Boot ROM2 32-Bito]] H|3}o] FE =9 &£
£ 1/4 o] X%} 8-Bit ROM &}1}3t G @ 512 2 ROMY] FAE 1142 £ 5= o] A4 OBC F4

£ 295 9E 3ol ek
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(@ Watchdog Timer

Watchdog= CPUS| © 52 T AAH 13 A3o| A CPUZL A 7] 5 & 3R et 45 ¢
HA(Reset) A 5 = S YA] A OBC/ B4 528 & 4 Q52 $T}. Watchdog 222 OBCS] F
Z8-2 o] &3t AT 1/75 sec vpr} F A S = OBCY Bl 2~3 A% Q1 E 7 E(Task Switching
Interrupt) & & B 5t A A A 7F o] A5 CPUA A F2lof(Clear) A5 & 2 A A 712 g2
A N5 S DAY} EE FH}YUT. 8 Ao ON B& o AF22 A NS E TAAE
£ Power On Reset 7] 52 VX35 & 3tg on, 9|3 A & A Al 3 (Edge Trigger %2])
3] OBCE A Z 4= Y2 st4th. Watchdog 7] 5 &44/4] & 4] (Enable/Disable)
A @A A AEE AL AT A5 o] 715 v F

F U=
}_

l

Nlﬂl

L
N
-

ol
_CT)L
il
=l
ol
o
fu
ro,
=
A
ol

® 73 54 AEE(SCCO)
Fe 94 155 AT EAL 95t 3719 RF AE& 7HA 3 e, o8 T & Ad
& 97y 123504 A=% VHF Rx/UHF Tx o] 2, YA F AdL A 154 A=

d oo 449 3709 A8 TAALE AT gk B HEAAY 159 B5 A
£ 913 2 ZE9 0|7} OBCAA +dH7] el AAANE A ZE(E, Aol 2, A A
A 5)EFH] EAL A3 2719 A T4 Ado] Basty, Wi MEAIL DEE S &
e} B gl Bostet 2 sCCY Ad AE A=) FAE fs) EIeion, AL B
e A B A2da NS 98 &9 gt} 53] SCC39 Ad BE OBC Yol gl= vE
A2 DEZHG) TS AT Aoz F T MDA FIFOY o2 AHE3h X 4=
EAS 9% SCC2&3 A'd A2 - MUXE AL&35te] RE RF A Y (VHF/UHF, S-band 1 &
2)Z H&ol 7hs el st e, o] AL SCC =L RF 289 & Ad o] 23< 29 = MUX
AR & AAs T2 AR Falol e ESSH, whahAM XT3 A A el i i

e A2 F A

s

@uld 2= =90 g ,

OBCol M 3 ujd) 2ZEgole 94 A %o EPROM % EEPROMe| £3o] A€
t}. 54 ¢ EEPROMol| A Z 8 &£ ZE9 o] 9] B4 A TA Follk Al £4& Aol 7153
B, g A 94 DA A AL S/Well 257 Qe AFOE T F AAEA £ R A2HE
ato] a4 Halo] AZE 07} OBCAAlM FHHES & 4 9Jth. OBCY R E Z=E FH A

f‘lf



WA EEPROMd| A48 0S & 2T EJ o2 BE & AEdH, q7]d 2 F57 & 2§ 9
© 2 EPROMO A 3} F &= AZE g o] & Fro) A 3},

@0 Solar Power Regulator(SPR) #]) ¢

#eh14d 13 OBCE W& A g Bit ol AAAof, 88 A28 Ao & TAld F3dH-
Ag A2 Fo]E ¢3le] OBCo = F 71 ¢] DAC(Digital to Analog Converter) & #2331 gl
o5, o] OBCAA A== A Al2d Aof ez 28U dAE Ao 4¥E ojy=
I ASZE HENA DY N2go g Adsy] fEolth 7719 DAC 5 shv= i g $3
Ao} & 93k 7] F(reference) ¢ H L A T3}, o} & 51} SPR(Solar Power Regulator) W3-
2% E =] =¥ (Switching Transistor) ] 7 El(Duty)& 24 Aojst7] A AL A

X

g
¥, En
i

ol
r

.

@ /O Bus
CPUSt 745 VOE S 173 e WA & Eol7] H8td F /M9 VO ¥ 28 AH8-3t Ao
OBCel| &8 R EJ VO EEEL FH3 Holgly] "o F 719 VO W29 o] 5 HA
8 BE ago] Bt T FZ VO W2 A 4F
S FEBFIAEGE ZTV/OHAUNOZE OBCE 48 F JEET Aot} o & £ VO
Buslol A49 259 1172 2 J/O Busl A4 Z A1§381A] £8tE 4P ol M = VO Bus2& A&
St RF 28 EE M EY I AEE 9] 541 5 7| 2HJ OBC #4825 v

@@ Program Memory ¥ RAM Disk

OBC9 =21 v7 = 3=9] o] EDAC(Error Detection and Correction) 22/ 08 ¥ 3 5
o] 2] 2M Bytes®] & %& 7FA 3 ek o} 7] 14 OS € vj 3] AT Egolr} A= 49
MR e df-E ng £2ZES] AZFS A8 ALERAT st o] EDAC ¢ neF9 AR F
A G2 oS el A A 3o

Aol 2 52 7E v AT F7]2Z OBCE AFHE 944 2H 2 48 B R = 6M Bytes
©JRAM Diskel] A=, o] & Reed-Solomon ZE 9] 7|¥kE & AT E g o] EDAC &8 &
C2 HFHEY. o] 94 A L e ArE g0l N4 HEF 5 A 71z 53¢ 0BCY
RAM Diskol] 3t F2 o2 A& AZH L ¥ 47 FE5PS 9l o] Y& b Po} BE
Ak oA A4 FeE AT & gl

@ ¥W=zg SEU 2 &
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2 Yreg e SEU ZFE-2 93 ¢l 3359 A$ 8Bite] ©o}El/A X H] E(Information
Bit)o]] 4Bite] oj# ¥H]E(Redundancy Bit)& A}8-3 EDAC ¢ EF S AH831% 2, 8 Bitd
1Bite] o 8] & B F(Correction)d} 3L 2Bit of] 2] = & =] (Detection) & = YAt 78+ 15 o A
Eoe) 27 52 D FPGAZ EDAC @18 Z 73 A AH4HE 28 4, V0 LE 4, 281
TFd9 EFZ4 5& 1839 (7,4) Hamming CodeE ©]-&3 EDAC ¢ &S A9 s
(7,4) Hamming Code= 7Bit & 4Bite] A B H)E ¢} 3Bite] o] & B EEZ 7}x] 31 gl o0, 1Bit o &
g B73stx 2Bit olgle 9AE 5 vk whebr] Hs A 159 A9 v 4Bite] dlojEvitt
1Bit 2] & BT & 9o, ol 8 BT TPo] $-8) < 354 H3) thE2u) AE FF HATR
& 4= gtk 7dH EDAC €132 thg9 £ 22 4Bite] AX HEF o] &34 3Bite] of

T HEE e

R(2) =1(3) + I(2) + (1)
R(1) = I(2) + I(1) + I(0)
R(0) = I(3) + I(2) + K0)

N BEFE HA B HES} & B|EE o] &3} o}l ¢} 2 3Bitd] Syndromes 7
g, <F3-23>9 H ol &g o] &3] st HAT HEE SAANY. B o2 B oL
HIES oA 2 g ol ol tiajr e 8tA] oL, AR B ESCA A7t A S Wt sh=
% 3lo] EDAC ¢ 18] E S FPGAR TIPS Y AISHE 2 FE T SL FUES S
At.

$(2)=(1(3) +I(2) +1(1) ) + R(2)
S(1) = (I2) + I(1) + 1(0) ) + R(1)
S(0) = (13) +1(2) + 1(0) ) + R(0)

Syndrome Error vector L
Digit in error

(2:1:0) I (3:2:1:0) R(2:1:0)

000 0000 000 None
001 0000 001 7
010 0000 010 6
011 0001 000 4
100 0000 100 5
101 1000 000 1
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(98]

0
0

[UR N
Pt | et
— O

0010 00
0100 00

¥ 3-23 (7,4) Hamming CodeZ o] -3 ojj 2] B3

Z2a3Y WraE dolHE A%ty 9% vy vEald A& HESES ARSI AR
EDAC MR 2 FAHo gon, CPUNAN 221 W2gd Hol8& 7|5 v EDAC &
FPGAY A B M EES S TtEo] dolE & tlolE W2 d & HEESS EDACH 229 &
28 2] (Address)ol] AA3sTh CPUZF 2213 W2 e 22E HolEE ¢lo] & W& EDAC
FPGAd 4] tlo] €] w22} 9} EDAC v 22| o] A dlo] e 9} o B HEES 2t7} ot AolA 4
B3 G Fol what o 27} A s n s QoW EFste} CPUR AF .

vz glol] A9 ol 9 o2 BT F4 CPUZL HlolE & & w o] FojA 1 EF v
239 9 F= do]¥ 4Bit? 1 Bitgt B3} 7b5387) v &), W= AA e golgst F44 2
F7 UEE 87 el A71de2 A WRE o] L/FE F7EL Al Aok 2
9 87} 9 H(Memory Scrubbing). 12X @ oW 31} o] Ake] SEUC| 2}3) Ho]¥ 4 Bitd 2 Bit
o] 49 LFIFEAT F 90 L{FE BTE F gl Aol A & 5 7] Yol WA
OBCo A28l 2ZEgol v] 1% virh A Wl2alo] A3 IKbyte ¥ 233 2 & ¢lx
ThAl 22 21 & e & T FH o U

@ GPS PPS 2 FIMS PPS A1 5.

OBColl &= GPS ZHH 9| A|ZA B E Wol OBC AJz+e GPS Azt §718 A4 & =S

GPSZ R} 1x9)] 314 2 A5} =PPS(Pulse Per Second)2N T & 7128 & & A &S 3= 27
& 7FA 2 glth. o] 7L E & 8-bit FHLEH ZA OBCE ©] 7+ E 9 g& B3 A4S 57138 &
.
#4159 F FAAQA FIMSE 25 o) d Al AFA| Ao} A Be} FIMSAlA 5% blojH
9] Az gE XA 717) S8 A A b0l A5 A OBCS FIMS Atejoll A3 5718 &]dS
gt ol y) OBCOIA ml % with st LA A7) = 2o 7|22 3] FIMSE A4 571
3} gt} whEkA OBCE OBCY Al Zha) A &8l A dx)ste B2 A5 & LA A Fojof 3t
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(\}) CDS Flight Software(FSW)

D M

FSW+ = A Boot Code, O/S, Task® FEEt}. Boot Coder OBC CPUY} Reset® S
W, Hx AP+ S/WEA NC19 Commando] u}z} High Page Code == Low Page
Coder} A8 €ttt O/SE Boot Coded] &) A=, TaskE S TE3tiL, TaskSo] 43
g 34L& AFFP. 22z, RXSMART, MCDHSRV, MFILE, PERIOD, ADCS, FIMS,
ESA, LP, SST, DCS, GPS, MMS, SPR % ¢] TaskEo] O/So]] ¢la] 23Har} Boot Code,
0/S, RXSMART task, MCDHSRYV task, FILE task, PERIOD task, ADCS taski= System S/W
2 FEHIL, YA £ Payload task® FEET °]E F ADCS taskE AT RAEo]
CDS FSWol &) e3atc}. S

GPS MMS SPR
Task Task Task
FIMS ESA LP SST DCS
Task Task Task Task Task
RxSMART | [mcoHsrv | [ wmrte | | pemiop | | ADcs
Task Task ~Task: Task: " [ Task
Boot: Code
H/L page 055

a9 3-36 FSW 74 %

@b Boot Code

OBCel| &= NC19] Bilevel Command &3 gto] wa} MEs= F 712 4o]g Boot code
7} Booting ROMoj] A& ¥t} OBC Booting A] NC12] Bilevel Command #t©] Low(0V)o]
H, Low Page Codes} 3% 11, High(5V)e]® High Page Code’} 43J¥t}. Low Page
Code9} High Page Code®] & X}o]d-& EEPROMo|l}, EPROMd] AAH o] Q= 0/Se 4
3] ofBo|t}. Low Page Codex EEPROMo]Y}, EPROMe| A A E o] g O/SE A #dtu,
High Page Code¥ A= o X E O/S7}UploadingEl AL}, O/S A8 w3o] ©x3718 7)

gad.
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& o/8

0/SE OBC H/WolX APBHE 7 Task’} AYL § Y& SW 3RS AT,
3} OBC A}ol9] EAl Packet®] 4$4213 OBC% NC Network A}o]¢] Packet £54l&
@8k, Z+ Task A}bo] 2] Message 3t 373S A t}.

X
0%

o
of
o

€ RXSMART task
RXSMART Task: 2 709 System CallEZ o] Fo]A it} RXSMART Task7l A5 3
System Call& O/Soll A Ao 2RE A PacketS A st=d AHEHT

@ MCDHSRYV task

MCDH Task= OBC TaskE 3 NC Network A}o]¢] Interface 9 && 3= TaskZ A, NC
Network©. 2 £4215E T E Datax MCDH Task®] ZFAo] 93] o]Fojdt. 18 il,
MCDH Taske] 2E 22 Evento]ZAlo] 9]3) o]F R},

FILE task

File Task¥ File stream& E3l9 QA HE o2 TaskE9) RAM Disk &< A Elstd
Zt}. Task7} AlZE WA o2 TaskS ZE-E File &3 838 7] 93 File streams %7]
3}3bt}. 18], Lifesign A4, RAM Disk 429} RAM Disk Scrubbing(S/'W EDAC &)<

FrIH oz AP3y] A 129 F71€ ZE TimerE 75T 22T AFES 2713

ok

File stream© 2 2E} 9)Message 4Alo)t} Timero} Time-out Event’} 2 AS71E 71t

e

5
T
t}. File steam® 2 FE] File #d 83o] FAHW #d F3e A #F, 1 d¥4&
A
(o]

File streamg %3 a3t} Timere] Time-out Event7} A3, w) Zujc} Ao

—

g b (27]7=2)9] Clusterd] tjs) S/W EDACH @& 3&ta1, vl 30xw}t} Lifesigns
Asdch. 183, 9 108 7RAM Disk F8 & Aot

PERIOD task
Period Task:® ¢4 9] Housekeeping HTL 433te TaskE Al AH 74,
WOD(Whole of orbit data) %, NC Z+A], Tx. On/Off Ao} & a3}

&P SPR task
"OBCel| #zd 27§9] DAC £3& Alo)3le], Battery?] F3 AFE AoQdd. Ao

Algorithme A3 Teamoll A A FHc}.
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MMS task

Ao A AA3 MMS FHE Operation Scenarioo] ]3] MMSe] HHS HEdil,
PDTx & Al MMSd A &% DataZ0OBC2] RAM Diskol] File HE|E A Azt MMS
TaskE %3] MMSY) Program CodeE WA E <+ 9t}

@ DCS task
A2 A A3 DCS T Operation Scenarioo] ©]3] DCSo] WAL A3 i,
Mobile TerninalZHE] £ 4415 = Mail messageE® RAM Diskell 4 #g]gtt}. DCS Task

Z £33t DCSY Program CodeE W7 E 4 vl

& GPS task
AAFZ) A 248 GPS #A Operation Scenarioo] &3] GPSo| HHS Wi, GPS
9} Program CodeE " 7 3lt}.

Gb FIMS task
A2 A A3 FIMS & Operation Scenarioo] ]3] FIMSe] W#H& HEsi,
FIMS7FOBCZ A4 3= Housekeeping dataZ A A3ttt FIMS TaskE %3l FIMSS

Program CodeE WA E 4 At}

&) ESA task, LP task, SST task

2| Ao A A3 ESA, LP, SST &3 Operation Scenariool] ]3] ESA, LP, SST o] 24zt
3#e Hgsla, ESA, LP, SST 7JOBCE <43l Housckeeping data® #7¥th. ESA
task, LP task, SST task® W& < A$3tE iAol zHz ESA, LP, SSTZ ©& ¥ 1 &
U 7 5dsid.

® Code A%

OBColA A d=HE S/We Binary coder =25 H3)¥A Memory! EPROMo|uyt
EEPROM¢l| A &gt} Boot coder EPROMe| A4 % ™, ¥ EPROM 7] 5¢] HWH A4
8 DAl AE WA & gt TA} o)A AEE O/S¢ Z Taske]CodeE Boot code
stE thE EPROMOl AAHH, 94 914 4 aAdAs 83 & ik LA} o[ %
47, 29 0/S9 7z} Task®] Codex= ¥ 7He] EEPROMO| o] A3 = v, EEPROM2|
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A 1% F5e] BATE /17 BANE 94

L=

Mo
ofp
av)
i
2
X
e
ol
e
A
¥e
L

@ Boot code EPROM A %

Boot code’} A%¥ EPROML Boot ROM 98 311, slirbe] EPROMe] F 7}A1 9
Code(Low Page Code$} High Page Code)7} A#®th OBCly} OBC2 H/W+ ME T E F
£29] EPROMo] Boot ROMO 2A} &5 =4, OBCldE Y 7§¢] 27C2560], OBC2el&= &
M9 27C0400] A}&¥Et}l. OBC19 Boot ROMoj&=0x0 WA R E = Low Page Code7},
0x4000 =] 2 E]= High Page Code’} Z+Z 47) 9JEPROMel o AZHh

EPROM 1 EPROM 2 EPROM 3 EPROM 4
Low Page Code 1 Low Page Code 2 Low Page Code 3 Low Page Code 4

High Page Code 1 | High Page Code 2 High Page Code 3 High Page Code 4

¥ 24 OBC1 EPROM A% Code

OBC29] Boot ROMoj: 0x0 M AR E]= Low Page Codes}, 0x40000 WA %-¥ & High
Page Code”} Z+z} A &€t}

EPROM
Low Page Code
High Page Code

¥ 3-25 OBC2 EPROM A Code

© O/S ¥ Task Code EPROMA &

EPROMo = ¥4 " 4 Ql:, 0/SS TaskE 9] Binary codeZ} &€t} EPROMo] A%
5l= Data:= O/S9} Task ¥ ROM Header$} Codeo]lt}. Boot coder= ROM HeaderZ=H¥
O/S code®] EPROMS] $Ix1& w3t O/SE 715389, 0/SE ROM Header2H-E 2
Task code®] EPROM®] $1X& w}otsle] TaskE 7]5 3ot EPROMS Data A3 e
o3 2

ROM Y& Code 3
ROM Header 1 0O/S
ROM Header 2 RXSMART task
ROM Header 3 MCDHSRYV task
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ROM Header 4 PERIOD task
ROM Header 5 ADCS task
ROM Header 6 MFILE task
ROM Header 7 FIMS task
ROM Header 8 SPR task
ROM Header 9 ESA task
ROM Header 10 LP task
ROM Header 11 SST task
ROM Header 12 MMS task
ROM Header 13 DCS task
ROM Header 14 GPS task
ROM Header 15 Dummy
Code Data 1 O/S
Code Data 2 RXSMART task
Code Data 3 MCDHSRYV task
Code Data 4 PERIOD task
Code Data 5 ADCS task
Code Data 6 MFILE task
Code Data 7 FIMS task
Code Data 8 SPR task
Code Data 9 ESA task
Code Data 10 LP task
Code Data 11 SST task
Code Data 12 MMS task
Code Data 13 DCS task

# 3-26 EPROM Data A& 3

€ 0/S 2 Task Code EEPROM =%

AFAA) A= A8 F AAolA £RE 0/Se Z+ TaskE 512Kbytes A7 & 2t
71¢] EEPROMoe| €t} Al4¥ EEPROME 128 bytes Page Write 7]% S 2t
ooz, o oY & UEF AF ddo] ¥ZFHUT. AHE-E EEPROMo| A AL&&
T A& Pagew 0F-FH 40957}%] o]t}

rr
=

Task Code Z7][KB]| & 2{KB] g} Page 5
0/S 99 130 1040
RXSMART 36 47 380
MCDHSRV 22 29 230
PERIOD 36 50 400
ADCS . 140 180 1440
MFILE 19 25 200
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FIMS 31 40 320
SPR 22 30 240
ESA 28 36 290

LP 28 36 290
SST 28 36 290

MMS 31 40 320
DCS 33 40 320
GPS 31 37 300
Spare 30 40 320

A 6380

¥ 3-27 EEPROM Map

@ Program Memory Map

3 B =2 F7F A 7][Kbytes]
System % 0x8000000 ~ 0x8007FFF 32
Boot code 213 o< 0x8008000 ~ 0x800FFFF 32
O/s 23 44 0x8010000 ~ 0x80?722?2? 100
Memory Pool & 0x80777?? ~ 0x806FFFF 284
RXSMART Task 23] o444 0x8070000 ~ 0x807FFFF 64
MCDH Task A3 494 0x8080000 ~ 0x808FFFF 64
PERIOD Task 43 o4 0x8090000 ~ 0x809FFFF 64
ADCS Task A3 o4 0x80A0000 ~ 0x80DFFFF 256
FILE Task A3 <o 9g 0x80E0000 ~ Ox80EFFFF 64
FIMS Task 413} o4 0x80F0000 ~ 0x80FFFFF 64
SPR Task Al3] g4 0x8100000 ~ 0x810FFFF 64
ESA Task A3 o4 0x8110000 ~ 0x811FFFF 64
LP Task 438 949 0x8120000 ~0x812FFFF 64
SST Task A3 A4 0x8130000 ~0x813FFFF 64
MMS Task 23] 44 0x8140000 ~0x814FFFF 64
DCS Task 213} 44 0x8150000 ~0x815FFFF 64
GPS Task A8 <4 0x8160000 ~0x816FFFF 64
Reserved 0x8170000 ~0x817FFFF 64
Task Code A& o< 0x8180000 ~ 0x81FFFFF 512

3 3-28 Program Memory Map
Memory Pool §%-& 0O/S7t xA|ste= o QE]0x806FFFF7tA] 2 XA o] 7] W& O/S

o] AA Code &L7|o) 4&gL Bt}

@p System 9 J
Boot codes} O/S7} FF o2 Algdle d9og, 059 43 HeHgE AAsts 99,
'Task Code A& Ad'e] ARE AAsE= 99, Boot code] Self-test 23 A% F¢ 1
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2| 1, File Tasko| A} A}£3}= Disk Cache o2 FAHT.

©@ Boot code 43 499

Boot code 7} A 3iE = o Holtl

® ois A% 3
0/S¢] Coder} BAlH o] A3Yxl= g o2, 0x80100005-E O/S9] Binary Code 7] 3}
Fate ggol Agdrt.

& Memory Pool 94
0/S9] Binary Code’} AA® A4 o]FTRE]l 0x806FFFF71#] 9] 9§90 Taskd2 HQ
& Memory9} Task 23 Al o2 % 7}%53 MemoryE AM&-dATh

Z} Task 43 499
7} Task®] Code7} BAlEo] AP JFoz, Task B2 Ao Ut

Task Code A& 44
) 2ke| A Uploading®l Task: EEPROM3 Task Code A7 gdo] 37 Addh Task
Code A dFo] Y& Code= A A 2AtAISFAY, TaskzA A2 5 Urh

@ Interrupt

@D Interrupt £5
gl 5t Interrupti= 75Hz Timer Interrupt, SCC1~3 Interrupt, ADCS Timer Interrupt “12)
31, FIFO Interrupto] t}.

- 75Hz Timer Interrupt
OBC Boardd] F8¥ 75Hz Timer2%E] Q3=+ Interrupt2A], Task Switching®] 7|&
o] =] Time Slice® A|&3t3, OBCY AIZHE §A g}

- SCC1 Interrupt
Agake] F4 a8z NC29bel AL Astes SCCl1e2RE 23 HE Interruptol



o,

- SCC2 & SCC3 Interrupt

SCC2¢} SCC3 & = 3huyl 243 % wA3tE Interrupto]th. SCC2E A 3x 49 &
a2 3m NC39bel 241¢ Aesta, SCC3e A A=#He A 183 NC5/69%9 AL A
=)

2

- ADCS Timer & FIFO Interrupt
24 Aol TaskE® 93] TEH 3.7Hz ADCS Timers} NC5/6¢] FIFO F4lo] 93 83
]+ Interrupto] t}.

@ Interrupt 4 £

Interrupt A &9
SCC1 Interrupt HAAZA
75Hz Timer Interrupt 2¢4
ADCS Timer & FIFO Interrupt 3ES
SCC2, 3 Interrupt A3y

¥ 3-29 Interrupt 94 <=9

- 75Hz Timer Interrupt
29 753 2 ASA Hi, ol APHE Instructiond] FE 1007 A EXoltk. OBCH
Clock Drifte]] 9388 3=, INT 0] 93] CPUJ} AGHE AL 433 FHu).

- SCC1 Interrupt
Ao 2 RE 9 Uplinks} A #|o]§ NC 2 o] AH§EE SCC 07} A2 3ltt. Data
44 Al Byte©$l 2 Interrupt’} LA ZE CPU Hf-A|7ro] B HolA g Adxgoz2y
B ¥a a9} A Ao] Y Data eSS YN =L A £907F Fo s

- ADCS Timer & FIFO Interrupt

NC Network#}9] Bl 2 AM45HE FIFO7F @259 Jx, 9149 AA Ao} Tasks
AYPA71E 3.75Hz Timer7} AZ = o] ot OBCr} F3ste B¢t 27 3.753] EA 8,
NCZoj 4 OBCol] Packet& A4E wjo] 311}¢] Packeto] tha] 13 2AsHA 22 CPU
Z Hfste NS 3L Ho|th, g3, FIFOY Interrupts H4) FA A stA Folx
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Datad &A% dz7t glon, 3.75Hz ADCS Timerd] Interrupt® Z @A 235 X 2l3jof
g da+ fvh

- SCC2, 3 Interrupt

SCC 1,29] AA= AA Channel®t NC3,5 972 Channel®] Interrupte]t}. SCC 12&
Downlink7} Uplink$} ™2 Baud Rate® 7@€ w SCC 07 37 Ah&€ch NC3¢te] <
ZA Channel & AAAlo] Tasko|A F2 ALE52E AME Hlxr7F A2 Holnt. SCC 1%
SCC 29] Channel A: X4 3}9] Contacte] gl wole ¥2 F2& 3tx ¥2oH, File
58 AAFoE Download¥ uwjolE theke] Interrupt’} #FH }\]Z_}‘—Hﬂ] B ASHA "o
Downlink Channel®] EA1 W& wjEr1dez AASPAE, INT 0,1,30] A3 =Packeto]
£45A] o nZ Downlinkdl & #A17F ¢1& ol

® Fault #] 2]
i9600] # @]} Fault:= Trace Fault, Operation Fault, Arithmetic Fault, Floating Point

Fault, Constraint Fault, Protection Fault, Machine Fault 18] 32 Type Faulto]t}. Z} Faulto] oj
& Mg HE2 960 KA/KB Microprocessor Programmer's Reference Manual'<: -z g
Fault7} 2 A3HH 2} Faultd)] 3)238}= Counter W9 zho] 14 F7}813L, Codes] 32
Ald 2y} Zt Faulte] 24 342 AA3E Counter 59 S 0/S¢] Life Signol
Egso] Aoz A H

® Boot Code

&b Mea

OBCol| = NC1¢} Bilevel Command &3 ztol walt A™¥sE F 719 4o]g Boot code
7} Booting ROMoll A4 gt} OBC Booting A] NC1¢] Bilevel Command 3t©] Low(0V)o°]
A, Low Page Code’} 4351, High(5V)o]® High Page Coder} 3t} Low Page
Code¢} High Page Code®] & x}o]A.& EEPROMo|Y, EPROMo] Aol gl+= 0/89 A
8 o}Y-olt}. Low Page Code:= EEPROMo|L}, EPROMel A ZHo] glE 0/SE AP35,
High Page Codet A| Ao 2 HE 0/S7} UploadingEl Ay, O/S A3 wHaHol =&e71E
dl=gol=2

© Low Page Code
Low Page Code’} A3t 2t e thaw 2ok
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- DAC %7)3}: DAC1E 5V, DAC2E= OVE A3

- EDAC& Memory %7])3}: Program Memoryo] tisiA & Ad9& g1 oA 715389
EDAC$ Memory9d #ES %7183t}

- OBC System 939 %7]3}: System & d¢] 'OBC AE)' Fieldol '0x03'(Z7]/4=H)<
71530

- SCC %7]3}: AA=ZZ= Channel®] SCCE EF 9600bpsZ AA 3}

- EEPROM o A A3 O/S 23 stc}. Bootcodeo] 23L& Fetwt.

- EEPROM o] A &5 0O/S A3 A5 A], Eror CodeE System < Fol A3t}

- EPROM 9] A&A" 0O/S A 33t} Bootcoded] AP F=T)

- EPROM o] AAHA O/S A3 A5 A], Error CodeE System G o} &3t}

- AYFY 43S )3k, ¥ FAHA o AT

® High Page Code
High Page Code7} A3t e thgd 2ok
DAC %7]3}: DAC1g 5V, DAC2E= 0VE A A3}

EDACE Memory %7]3}: Program Memoryol] tisid 2E J98 3 A 71 E38H9
EDAC-$ Memory9] &8 %7]3}3)

OBC System 9 < %7)3k: System %% 9] 'OBC A}’ Fieldol '0x03'(Zx71/3 )&

7)1 &3t

SCC %7)38}: A A== Channel®] SCCE REF 9600bpsE A A3t}

A4Ze 4EE th7sty, gFHo| FAHE ol & A

@ 0/S

Gh e

O/St OBC H/Wollq AP=HE 7 Task7} 4PF & e SW FH & A3 A=
I} OBC A}o]9] EAl Packet®] 4:4=A13 OBCS} NC Network A}lo}¢] Packet $+241& A
28} 3, 2+ Task A}o)¢] Message .3t AL A|F3r}.
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© Flow Chart

Al

- H/W EDAC Memory

% H/W EDAC Error Counter 21 &
X 42 4 Channel ¥ Queue =718

- NC S & Channel £ %
- Task &8 2 =013

-OBCAY M8 Y A &3

- FIFO Y ADCS Timer & &
- Watchdog & &

~ Downlink Test 8 Packet 4

- O/S M B Message B 5
-FQ Task &4 ¥

h

If{Downlink Test &)
- Downlink Test Packet 8 &

¥

(1= 2 5)

- X4 =2 Z 4 Channel Scanning

- Watchdog Timer Reset

- Program Memory Ol CH 3 Scrubbing & 8
- WA 222 OBC Ufesign 8 &

v

(4096 % F )
- 25 3% Table Update

Y

HiE AW)
- FPGA M & ¥ (Watchdog,
FIFQ & ADCS Timer INT}
~8CC U4

v

- NC Network & & Channel Xon/Xoft X 0f

~ Xl & 3 Packet X 2l

[

28 3-37 O/S Flowchart

O 7%
- /W EDAC &3 %73}

H/W EDAC Memoryd] %7]8& $)3] Program Memory %

3¢ 19

t}. 283, /W EDAC Error CounterZ Reset3tt}.

E Al Channel 2

A A= =& SCC ChannelS

- NC 224l Channel %7)3}

SCC1,2,3¢] Channel BE Async, 9600 bpsZ A A

- Task A3 AR %7138

Queue %713+

&3 o] WA,
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OBCol A A== Taskd] #3 ARE AFetE Data §F& 27|30

- OBC A3 4" =t 2 A3
System <9 gt uwiel, O/S7F A o)A Arsre whobsta, A

Og(:t‘,
o
fuj
i
ol
o
o
vl

- FIFO 2 ADCS Timer A
FIFO 2 ADCS Timer¢] Interrupt’} ST 4+ YEE A A g}

- Watchdog Timer A&

Watchdog TimerE Resetd}lil, 7}E3ic).

- Downlink Test € Packet 74
4= 2 257 E Downlink Test &% A A}§&Test § PacketS T3}

- O/S A}2} Message A&
Ao 2 0/SY H3yL &ElE MessageE A5 3o

- 8 Task A3}
ozte] Az} 217 & F:A FILE , RXSMART, MCDHSRV, ADCS, PERIOD Task 492
A &3],

- Downlink Test Packet A4

A=t 2 2 HE] Downlink Test 83 A] Downlink Test Packet& 43t}

- A1/3= Al Channel Scanning
m 1Zzvtt A4= & F41 Channel®] MUX
A E Packeto] FAEHE e, MUX AL ¥MAsA FE)

i
o,
X
lul
i
e
o,
o
4
N
o
H
o
fu
4
a

- Watchdog Timer Reset
u] 1Zv}t} Watchdog TimerE Resetdtt}.
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- Program Memory©°]] 3l Scrubbing 43}
v} 1Zw}lt} Program MemoryE 2Kbytes 4 ¢ 7] Z3le] H/W EDACS 43 gt}

- AARFo 2 OBC Lifesign A%
AR wa}, vl 10% EE 1% vtk OBCY AHE A3Fo2 Afo

- 233} Table Update
o} 4096% vulth A A Fo2RE FAHE 453tH Packete] B35 3lo AL8-& TableE A
74

- FPGA #) A #
vl 1% w©lc} Watchdog Timer, FIFO & ADCS Timer Interrupt &2 3}e] FPGAE A A
c}.

- 8CC A4A
uj 18 wlc} SCCY A)d A3},

- NC Network £4] Channel Xon/Xoff #|o]
NC Network F 4! Protocoldl]l Fejd S/W ZEAE AP

- A7 Packet #] &
A A2 A1 Queueo] A AH Packet®] Typeol ute} 8 FSystem Call€ & &3], PacketX
glo] a3 AP L APt} PacketS *]8dtE System Calle O/Sol] 2|3 AFHE
A3 RXSMART Taskd] 93] AZHE Aoz vdrh

Task 3+ B4l

Z} Task A}ol¢] EAIL Task M3 Fd9gE Message QueueEod] & o]Fojxu, Z
Message Queued] 2] P A E+= Data PathE Streamo]} 3hcl}.
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FIMS ESA LP SS8T DCS MFILE N RAM
Task Task Task Task Task Task Disk
i i i i ]
) ! i i |
| ! '] ol ]
[ ; | ; ! N
VT I R B e e s B vt s i e L0,
Task r - r Task
y'y 1 | | HA| | 7Y
| ] il |
PERICD ADCS SPR GPS MMS
Task Task Task Task Task
v y
O/S A
y
Xa= : File Stream NC Network

— == = Data Stream
————— : Event NC Stream
: No~Event NC Stream

1¢ 3-38 Task I Data 3 &%
7} Tasks €592 Udold AW 4749 Streame F3to] thE Tasks} $4T < 32

o, 4709 Streame T3
@b File Stream
MFILE TaskZ A 93 TaskE-& RAM Diske] Filed] FH=3}7] 913 MFILE Taskel] File

#ad 29de 24d) ok st o]y A5 Streameo] File Streamo|t}.

© Data Stream

Task Ato]o] Data® F3 ¥& w ALEHU) File &3 2¢jelu}, NC Networks} #¥ gl
= DatayE ¥ & o] StreamS 3|4 w3t

@ Event NC Stream

NC Network® 237 € OBCE A4 ¥ DateE& MCDHSRV Taske] oj3f A2jdt}. ojuj
T} 2Task® A4E ool & DataSe Message JE|EZ AFHo] Event NC Streamo]
No-Event NC Stream E£3}o] 3|3 Task® A4drt}h oju] Event NC StreamE %3 A%

¥ Messager= 54l Taskol]l Message 41 EventE 2 A| 7t}

@ No-Event NC Stream

NC Network® 2% OBCZ 44¥ Daas& MCDHSRV Taske] o2} Azj®t. oju
U ETask® A4EH oo} & Data% L Message FE|2 A FHo] Event NC Streamo]i}
No-Event NC Stream? £3}o] 3|9 Task® A4Hr}. o]u] No-Event NC StreamS &3

A4 E Message= T4l Taskol] Message Al EventE® FAA]7]x] &+=vh. MCDHSRV
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Task2 A 9] 3 TaskE o] NC Networkel] Data® A4tz 3 o], DataE Message 3
B2 983 t}SNo-Event NC StreamE 3t} MCDHSRV Taskol 4:3tt}. MCDHSRV
Task= 4413 MessageE NC Network Protocolol]l 2 §3tA W3 F, NC Networke =

Gk kige 3

(@ NC Networkd} o] EAl

NC Network® £¢] Data 44412 MCDHSRV Task’}b F7A 48L& ol wepA,
MCDHSRV TaskZ A 9] 3t TaskE-< MCDHSRV TaskE F39 NC Network® F4AE
At

@D NC Network©. Z Data %Al

MCDHSRV TaskZ A 2] 8 TaskEL NC Networkel] A48tz 3l Data® Message 3
B2 W3ala, o]2 No-Event NC Stream& E3le] MCDHSRV Taske] 743t} Message
2 2213 MCDHSRV Task: 421§ MessageE NC Network Protocolol] & 33tA ¥ 3t
&, System Call® 5%3}l9 o]2 #¥ Queued] AF3t}h Queued] AZFE Dataz HAE
NC Network3}¢] =21 Channel dEjo] wgt tt24 AH2d@9. NC Networkz}e] F-4
Channel ©] SCCZ A= 0] gl A$ot SCCo ISRY 93t A= 1, FIFOZ 24
5o} 9l Aol FIFO A7k Quenes] 982 37 Bt |

© NC Network &. Z H-¥] Data 541
FIFO1} SCC ISRS E3 o] 4A® Datarx Queueo] #7353, NC Network O = HE| 9]
Data =218 &8l& EVENTZ} wAdte) MCDHSRV TaskE 7197 @vh. MCDHSRV Task

r
>

= Queuwe2HE DataZ ¢, o] Datad] 5 Taskt &xo A Aok ¢4,

o)

DataZ® MCDHSRV Task’} @ls)ot & Al Aold, & TaskzZ AF3A &L

S )
[y

Attt XAFoz MAEsiol & Datadtd AA=TEH BTAl Channel2 HFsha,
Task@ A L& o & Datagbd 2 A Zo] wa}, Event NC Streamo]1} No-Event NC Stream
S £3lo] NF Taskol Al Message Be|E AL 3ot

® Ao FA

Az e] EA A @A 2 SDLC Protocold] EalAZE wad, o2 A9 AL
SDLC Protocol®} 2314 AA AT
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@ A Ao 2 HE Data 41

A0 ZEE] OBCZ A4 HE Datal= Packet G912 A€ t}h. 0/S9 SCC ISRAA
PacketS FA3ta, S &Aool 399 PacketS Queued| A 33Th Queueo] A7 Packetd-
0/S AA T RXSMARTe] ¢J3] AF 5 System Calle] o)3] A2t Packete] &
o] NC Networke2 AH%™ 87t = A$olE NoEvent NC Streame 53t
MCDHSRV Task® A4% 3, th& Task® 42 Fart g A9 Data Streame
E3le] 89 Taskz @4 A 1

@ Ad=xo 2 Data $41
X320 2 DataZ 44 & woE 0/SoA A Fs}E System Call &3}, SCC ISR

AN A5S wIasl Ak

@ Packet +ZF

Openin Sync. Control Check Packet Data Closin
pemng - € 2 Data CRC 8

Flag Code Flag Sum Type Length Flag

1 byte 4 bytes 1 byte 2 bytes 1 byte 1 byte |0~259 bytes| 2 byte 1 byte

- Opening Flag Field: Packet®] A]ZH-& 2jv]3dl 0x7Eo]t}.

- Sync. Code Field: Packeto] &4 HAIE 93] AH-&F Field= 0x5A, 0x80,
0xAA, 0x802 T4 tt.

- Control Flag Field: SDLC Protocol®] Control Flag2 ReserveH o] 3l om,
AR HAE g

- Check Sum Field: Packet®] 84 AALE 93] Al8¥ Field=2 Packet
Type, Data Length, Data Fieldo] )3} Check Sumo]t}.

- Packet Type Field: Packet9] Type& YEMATE

- Data Length Field: Packet Data Fielde] Zo]o|t}.

- Data Field: Packet?] A=A .DataO] t}.

- CRC Field: SDLC Protocol?] &A% A-&" CRC Fields} & 43ttt

- Closing Flag Field: Packet®] £8 & ¢}u}s}n 0x7Eo|t}.

@ Period Task
Period Task: $]4d<¢] Housekeeping G EEL F8dl= Task® A9 A" 74,



WOD(Whole of orbit data) A7, NC 7+A], Tx. On/Off A|oj

@D Flowchart

~- Resource &

(Fite Stream,Data Stream,
No-Event NC Stream, Timer)
- =% =Y
-0BC M2 £3
-08C a2 &d B
- Tx. Module Test
- Task Al ® Message ¥ &

L

€

Task 8 8

N
Y .

If(Message Event)
~$ 4 A B NormalMode & F
-%J] Tx.On/Of MO RA X
-%J| Tx.On/Off RIOI B &
- Tx.On/OIf MOl th& Module ™ Foi 4 & F
-EJ 4B WOD AT
-3 4 M8 WOO X
-Z 4 &8 WOO R
~HY S4B WODHE RY
-EH A M4 WOD BEM &
~ADCS 3 E B E
-Power Saving Mode WO
~Downlink 7 &
-RF Module On/Of
~Lifesign 8 & F2 &3
~Log file & &
~NC A2t &3
-Version 38 88
-NC TBP &3
-NC Error & H Reset
~NC J§ 2 Reset
Y -2 & NC Reset
-AOS/LOS Tx. On/Off H O
-ADCS Safe Hold # 8

0 &gy H oY oy
e
o

24 | 0 OX gi¥ mx oY
o

O gy 0 gy O3 0
LU

[ 34
=0y

- NC Error &8 # S

~ Lifesign & &
-0BCER X NC1 H
-2 A XJ Tx.0n/Ott A
-~ Power Saving Mode B &/

&
o
X8

l

|

- Resource 3 &
(File Stream,Data Stream,
No-Event NC Stream, Timer)

¥ 3-39 PERIOD Task Flowchart
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o 7%
- Resource 55

File, Data, No-Event NC Stream& S&3}%, TimerE $2% ¥ 1329 F7|2 AAgh

- 2713} 24
WOD A% @ Lifesign A4 #Ast] oy 2713 &4& Fdsa, OS2FE A
. OBCY A|zto] 2000 19 1Y olA2=E HAH 3
Pt =B HA 3.

7% %< OBC®| D& 359
$'g

°

N

o, '27] 4= WOD A

aly

- OBC Azt 473 :
OBCe] AJzto] 2000149 19 ojde2 HAE o oW, Primary NCIZHE A2tE §
Z3e] OBCY Altoz AAFG.

- OBC H< 48 B4
OBCY 8 ARE NCldY] F71Ao2 A$dt1, NCIL o0& AFsA Hrt. OBCY A
Zko] 20000 1€ 19 ojxloz HAHo] glow, ofxd NCld AFANE FEE NCl
2ZHE 53] AE-gr

- Tx. Module Test

OBC2] Al7ko] 20000 1Y 19 oldoe® AAL o] glom, UHF Tx. Moduled HAI 4]
AF7E 71FA olatdx FAFh o AFr} WA} 27] Tx. On/Off Aoj'e A& AR &g

A5 %t

- 914 Al Normal Mode A A
A2 FHo 93] APAT). Aol 'Normal Mode' Aefo] ¢lojoF Payload Taskol
Scenario’} 5%, 4 & 4 91, Payload &€ A] ADCS AXJ} AZE & U¢. 13
1, 9149 Battery At ZHA]E 'Normal Mode' A ejo A} o] Fo]Zt}. CONOPSe| 7]&¥
Ao A"l Hol ZAd &), 994 AE7} 'Initial Power-on Mode', Power Saving
Mode' 283, 'ADCS Safe Hold Mode'2 AAH o] ¢4& w, A= HEHd o] A9
AHE] & Normal Mode'2 A A 3t}

- 7] Tx. On/Off Ao YAl FHA
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A 9o o3 A3} 'nitial Power-on Mode'o A9 -85 v, Tx. Moduleg #
&, '%7) Tx. On/Off Ao]'E 108 2+ FA 8o} mabA, 108 54 Tx. Moduleo] AA
AE AT SAEHZ, 2 F 'Z7]Tx. On/Off #jo]'7} ¥HE-Hd).

- %7] Tx. On/Off Ao} F=7
A= WA o) Ay '27] Tx. OnW/Off Ao)'E Fatx, v+ Tx. Moduleo] A
A Qe AdHEd o8 §Astm, 18X ¥thd, Tx. Moduled AT}

- Tx. On/Off Alo] A Module ¥ F34 A
Az W o8] AAP} 2] Tx. On/Off Ao}’ L 'AOS/LOS Tx. On/Off Aoj'e] o

A} TxModule®} F3}4-5 A A g}

- %7] A¥ WOD A% £8
A2 W@ o3 AWET. ‘2] A WOD AR Fge ).

- A ¥ WOD A 44
AAZ W os) AHch A A WOD AR &Y o)At Telemetryst AF F71&
ARt g4 e WoD AR A-g HASY, '] 4d WOD AR YL AT
2 Fsdn. 123, ‘B3 4H WOD AR e EPHoR 9N 4AT e
o, o]5& 0%E 9719 D2 FEHT ‘AN 4 WOD A 2 HA A &3 D
2 APHP A de) WOD AR 2o githH, o] AP AFoz FrAH.

A= wHl s AYAT. WA AH WOD A% %YL FE

- A4 e WOD A% A 44 4H A%
g B o5 APAch AL JeHl WOD AR A dE F AGFAN aFT
Indexel] BANF3te WE&E AAZToz AL}

- 3 A WOD AA 4 e HAF
A4 WP o5 dPArt. AHL de WOD AR 44 FEHE AYFLE A



- ADCS AH A&} Fa5
A= g@o] o) AP Payload Taske] S3o] 5 ADCS Taskol A W3 Folw
'ADCS FR A ZAPL Fa3

- Power Saving Mode WOD A% £8
A= HEol 9 daFr). Power Saving Mode'ol A A3 Fold WOD AF 2PE
Z 3.

- Downlink 74 4A
4= WA o A3gct. OBCY Downlink Channel, Baud rate, Downlink & DMUX,
AMUX F& dAA3.

- RF Module On/Off
A4 WHo] o8] A3PEt. S-band2 Rx. Modulezt UHF, S-bandl, S-band2 Tx. Module

£ AAY 13, FR4E APso)

- Lifesign A& F7] 4A
A% BHo o8 Ay AT}. Period Taske] Lifesign A4 F7]E WA 3§t} Period task®)
Lifesign A< 7|7} W75, MCDH, FIMS, SPR, MMS, ESA, LP, SST, DCS, GPS task
o] Lifesign A% F71% &7 A3 0.

- Log file H 7

AdS BH s dPH). 7)E9 Log filed B, MEL Log file2 WA I}

- NC A+ 4 A

A4 gHo o3 Y@} RE NC9 A7HE OBC A|7toz M A3}

- Version AX. A%

A3 BEol s AP} Version ARE X FFoz A3}

- NC TBP A%
Ad= BEel s dyd. RE NCe| TBP A4 F718 AP
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- NC Error 48] Reset
XA WEo o8] APHETE. BE NCQ Error A8 CountE resetdtt}.

- NC 78 Reset
A= FH o o3 APA). XGFolA MG NCYHE Resetdho}.

- E & NC Reset

A24= o s APHh. TE NCE Resetdte}.,

- AOS/LOS Tx. On/Off =<
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Y - SPP Data H &

v

If{Time-out Event)
- Scenario E 8

I
1

- Resource & Al
(File Stream Data Stream, Timer
No-Event NC Stream, Event NC Stream)

19 3-46 SPP Task Flowchart

&
a3
el

& 7%

- Resource 5=

File Stream, Data Stream, Event

NC Stream, 1@} 3 No-Event NC Stream2 5 &3}3, 57|
A Timers} 134 TimerE 5%t}

- Log file ¥ 73
A} Ao os APATh 71E9] Log filed B3, A2 Log filed BT
- Version A Y A%

= BBl o3 AP Vesion ARE A FFo2 A5
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- Lifesign A%

PERIOD TaskZ % E] 'Lifesign % Message'S FAIE wiujr} Lifesigng AGFo2 HAF
#t

q gt AGxoZHE
AbSE X

A%g Operation Scenario®] &4
3k & Buffero] A&3lx, o]u]

< A

Operation ScenarioS ¥} BH]W 3t 4 A8

Operation ScenarioS 2 A 3t}

- Scenario 2}#|

M43 By s 49

A gl Al A A3
o %, AAlEE

A4

Operation ScenarioZ Bufferol] A 2HA] gt
Operation Scenario7} &4 A& tdolRvtd, ©E& Operation
Scenarios FollA T4 HE&E Q& AR

- Scenario 7] AR AFE

A4 Wy o) Adggc). 529 Operation Scenario oA A4
| 31335l Operation Scenario®] &3

o 4] A A g Index
& AgFoz AFer

- Scenario A AR A%

A% WBd o8 dgdn. 55

¥ Operation Scenario Ao #3+ 7=k
TO02 AFE3).

o ARE A

- SPP Data A% File 27
133 meo] o)s) Agach SPP Data® A%V ANH FEA e File vl

Data A% Fileo] 38 A|x & iz Folde A¢de AFTo2 A$T + {7
dEol, td e F&e divlaty] A% 7Eelt.

-4 g o

olo

PERIOD Task®] Message Ao o) A3y ny, A3 Z91 Operation Scenarior F T3}l
7] £ X EOperation Scenariot # A3t} 1811, SPPe] AU S

Ir

L
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- SPP Data A #
SPPZ -] A4 5= Housekeeping DataZ FileZ A &3t} SPP7} OBCZ &3+ Datas
SPP7} #&& S£#3tu gl-& F¢H7 OBCOA FileZ AFdt

- Scenario A&
Operation Scenario® Z-238F A]Z}o] X', Operation Scenario®] W-&-S Command Mapping
TableS #Fm3to] &%t} Operation Scenariod] 93] 48 715 Y2 NCo| HE A
%, SPPol| HH Aol

(th NC ¥ UP H/W

#3t7] & 9415 9] NC(Node Controller)= NC¢] Nodeo] $14¢ Z+ Subsystemo] AZ
o] 9l F2Z 7}An 79 (Telecommand), 9273 (Telemetry) 2 Data B4 A
Tt 71%L stk xArEo)Y OBC(On-Board Computer)ol]l 2]3}A] 54 Subsystemo] A
Bi-Level (Logic Low : OV, Logic High : +5V) @®l¢l 9234 =EE& WE & JoH, %4
Subsysttm o Z R E]S AEARE 974 HAAFT 4 k. EF Subsystem7te] TEHY T
A8 93 Data®s A % (Primary/Secondary)S A&3cth. A9 Network™d& NC1, NC2,
NC3, NC4, NC5, NC6¢] NCEZ o|Fod glon 949 Z Al2de A2 Efades
238 A4L ste g4l NCO| Nodedl ¥t o] HEH & A2 4% &8s @
F A "o

zt NCAlE % 47]¢] NodeE 7bX 3 glojA 470¢) Subsystem 2+E F2H(LABE,
AR, Data £A)E 34 o). 71 £ NC12 Power Module, OBC Module, RF Module?]
BARE 972 AAstn 939 E L WA . =3 A= Up/Down Link Channel
2 71X 9on] GPSShe] =4 Channelo] gtk 8T NC(NC1, NC2, NC3, NC4, NC5,
NC6)9] a4l oA 7FF F 23 7159 Network #E] 71°5<%] Network Token Manager
gge gt NC2E 949 AAAE 9§ Wheel, Gyro?] SubsystemE NodeZ 7}
NC3E 914 9] Sensorst A R E(ASS, CSS, NMAG)¥ NAST, WIST, MTQRS] BRE
AAAA T =3 439 HE WL 5 ok NC42] Nodeol& 949 Payloads} #HH
Moduleo] A5} ojA MMS, FIMS, SPP, DCS Module5 ¢ Z+E AHIE A4Z3AA3}

T A4A9E Y £ gk ol8d NCEL W32 o2 Primary(M0)$} SecondaryMDE o]
Z3la FRZ HoAx A deolewUE vl sFRE Primary®} Secondary Network & 2
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o]%3} = o}9lom NCld|¥E= Netgate7} £t Primary, Secondary Network 7+¢] Data <
A E27} A% =3 Z+ NCUol= PDUPower Distribution Module)7} W= o] 919
A Z} Subsystem¢] A& On/Off & & 3t}

UP(Uplink Processon): #8714 94 139 AME 5719 Module2A] Uplink F4& &

u} Data Packeto] 7] X]Z]

oF2 PacketitS NClo® HAGdE= 715 S 224 NCig #

A LoadE ol 98L& A At
@ A%
g A} Req. ID
Dimension 225 mm X 450 mm X 25 mm
Weight ~500g (~1.2Kg including box)
Power Consumption  |160~180mA@+5V, 15SmA@+12V, 15mA@-12V
CPU Intel 87c51FC
Clock Speed 14.7456MHz
FPGA Actel 1280A
Program Memory 32KBytes On-Chip EPROM
External Memory 8KBytes with H/'W EDAC CD01900
NC Network (Primary) |[Twisted pair(RS-485), 153.6 Kbps CD00300
NC Network (Secondary) [Twisted pair(RS~485), 76.8Kbps CD00300
16 Channels(0V/+5V)  (NC1)
Digital Telemetry 16 Channels(0V/+5V)  (NC3) CD00200
16 Channels(0V/+5V)  (NC4)
58 Channels(0V ~+5V) (NC1)
Analog Telemetry 32 Channels(0V ~ +5V) (NC3) CD00200
32 Channels(QV ~ +5V) (NC4)
96 Channels(0V/+5V)  (NC1)
Telecommand 96 Channels(0V/+5V)  (NC3) CD00100
96 Channels(OV/+5V)  (NC4)
o 2 DUARTS (Primary): Support up to 4 Subsystems
Communication Port
2 DUARTS (Secondary): Support up to 4 Subsystems
Watchdog Timer 2EA (for Primary/Secondary) CDb02600
¥ 3-32 NC A%
3= AbF Req. ID
Dimension 225 mm X 450 mm X 25 mm (Module Box Size)
Weight ~500g (~1.2Kg including box)
CPU Intel 87c51FB
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Clock Speed 14.7456MHz
Program Memory 16KBytes On-Chip EPROM
External Memory 8K Bytes
Communication Port 1 DUART
Watchdog Timer 1EA CD02000
¥ 3-33 UP A}
Q@ T=

3871494135 NCE Telecommand, Telemetry @ Network W& X3l JirHgoz
0] %3} T Z(Primary/Secondary)® o] th. Telecommand® Latch3|Z2E F/4Ho] L
Telemetry2] 7%~ Subsystem©O ZEE 0V~+5V¢] Analog kS 12bite] Resolution®] A/D
Converter2 £33 4 910w TE3g Bi-Level Telemetry(Logic Low : 0V, Logic High : +5V)
=438 4 ddh. = 4709 Subsystemzle] Serial EAE A Y3l s 279
DUART(Dual UART)7} W1&Z= o] glth. 283 NC® NC7He] Networks 913 CPU AA
W9} On-Chip UART7} A}£50}A RS-485 Networko] FA o] glth 8K Byted] &% v
2 3370 A2 SEU(Single Event Upset)E o'dstr] 18l 2& =79 &9

i

EDAC(Error Detection and Correction)® #lRz7F 9ok, =3 NC £8& F CPU A %
Reset2 3+ Watchdog 232} o] git}.

Analog Telemetry Lines
Primary NC Secondary NC

@ 2

g 2 Analog TLM Bank < > Analog TLM Bank g Trs

< > > <

% < ~ " e » 2

o - = . g g

3 Watchdog/Reset Watchdog/Reset 73
z 4
= =
§ FPGA FPGA Z
—— =

0 < =] U |« » 0

= c | LU RAM 1 RAM c g

2 % % 2

% < = 5 je > 4

3 3

» @

CMD / DTLM Bank CMD/ DTLM Bank
CMD/DTLM lines CMD/DTLM lines

23 3-47 NC Block Diagram
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Watchdog MO M1 Watchdog
Reset Reset
cPU External External CPU < M1_AFSK
MO_AFSK —
87c51 M Memol {87¢51) >
NC1 MO Ch3 (87c51) emory Y » NC1 M1 Ch3
A A
» |UART| : |UART UAAT| | JUART]| fe
X [ 7y Y
v v
2]
%) L 73 N
1 D I pd
2 & = 2 8 Z
= = [N ~
£ Q >
3 g2 a a I 3
> o) ¥ =

18 3-48 UP Block Diagram

UP+ Intel 87c51FB2] 8bit CPUS A&l ¢lov 8KByted 9l WEHE 7FRZ
t}. RF ModuleDEMOD)Z 328 +AHE ARE EAde] dolgr} &48% ¢e 73
715941359 Data Packet3H& NClo 2 AGdE I o 2A NC19 AA| LoadE
Fol: 94¥e 5UVh I Warchdog Reset 327k gloj4 CPUZF 24T 52¢ @

T ol = Reseto] A A o 3lt}.

@ NC Work Breakdown Structure

H}&71294159 Networkd-& NC®Node Controller)o] 23] FA=o] gov zZtzheg
NC(NCI, 2, 3, 4, 5 & 6)¢] Nodeoll&= A9 7z} SubsystemE o] NCo] UARTE &3 H&E
o] 9t} NC= MO, Ml o]gt= F 79 RedundancyES 7}FA 1 Q2™ MO Networke
RS-485 InterfaceE ©|-&3}d 153.6kbps(Primary Network)E *|Q3l™ M1 network2 RS-485
InterfaceE o] £3  76.8kbps(Secondary Network)S A3t} NCe  MO(Primary),
Mi(Secondary)oll &= Z+z} 2719 DUART(Dual UART)7} glojA] NCWe] MO0, M1 Z+2} 4
70 2] SubsystemS XY + JYEE AAFHUC).
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CH1 CH2 CH3 CH4 CH1 CH2 CH3 CH4 CH1 CH2 CH3 CH4
A4 4 442 A a4

NC 1 NC. 2 NC 3

L 20 20 2 4
CH1 CH2 CH3 CH4

Primary Network Interface
Secondary Network interface sssssssasusmass

Subsystem Interface .......ccesvesssaceses

1% 3-49 NC Work Breakdown Structure

® NC Block Diagram

#3714 94 1359 NClolE= RF Channel, GPS9} 2 50| 3 NC2:= Wheel, Gyro%}
dZ o9l o NC3E NAST,WISTMTQR# 37 =i NC4= MMS, FIMS, SPP, DCS ¢
2 YoIA 9149 Subsystemo] Zt NCo] 1% ®4bse] dZHo] ot NC59 NC6=
OBC?9] &&3¢Ql Network AccessE 9]35te] z+z} OBC1, OBC2 W] |4Zd=o] gt
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Primary Network (153.6K bps)

Secondary Network (763K bps)

Rx/Tx Module - .
19200bps 19200 bps

19 3-50 NC Block Diagram
® Up/Down Link
RF Module¥} NC19] Direct Link7} 9l 988 339& th2A A37&d4 1504
¥ UP Module(Uplink Process Module)E& Fo}A] NC1¢] LoadE Zol: % AHAAHAY. F

)

UP Module2 A Protocol® THE Data Packet?te NCloZ AEd F= 98 3
VHF RxI(FSK)Z A|¢]8t = Uplink Channel& NC12] M0, Mo 2 27} Link7t S1 5
o] ¢lt}. 223l VHF Rx1(FSK)& OBCs¢} Link7} &A= Q).

NC19] Downlink Channel® 949 Aol Soj9 7 =W NC7/t £ A4A9] 2
Subsystem®] Telemetry B & YA 3 F7]2 SCC Channel3 (SCC2¢] ChA Tx)E Huj7
#t}. RF System®] DMUX, AMUXE AFSK 1200bps® ZE3lA EHW R34
TelemetryE & < 9t} NC1¢] Uplink Channelo 4] &= VHF Rx1(AFSK 1200bps)2 UP
Module€ A4 NCE Direct®2 @dd=o] ¢ S-band Rx Module(S-Rx2, S-Rx3)& UP
Moduleg A4 NC19] 4*1 MUXZ 250} vtk NC1¢f 4*1 MUXE 94 A4 On
o] =2 ¢F 10%7} Umbilical Channel® LinkE -§-X|&b8A A Valid3t Data Packets 7|ttt
t}.  Protocole]] & Valid$t Data Packeto] E¢] 9 H Umbilical Channel g A& #X3F31
a8x o AFeE MOE S-Rx22 MI2 SRx3Z Uplink Channelo] W7 €t}
Umbilical Channel& Bench Test 2 23 ¥ ZFANE & & o FE&38HA A8l =HH
Launch ¥l 287} ¢lojzth. Umbilical 4% $3 MAX232 3|29 42 NC1¢
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Telecommando)] ¢]3] OFF AZ <47} 3t}

Uplink Processor MO NC1 MO umbirTx Mo ‘
" " - g NGT MO SC0C2 ChA %
' NC1 MO SCC2 ChA il
Z. ChA Rx % oBC1 SCo1 o L o
§ [<2) i MUX 2 OBC1 SCC3 ChA 2 =
T / AR SCCl —_— =
- Py osescoiana L 2
3 N InbilRx MO ChB Rx JoBTx ‘—“‘4’ =
GFS NCI M1 SO O &
Mo NCI M1 SOCZ WA _ ¢
ChA Rx,
2(|2| 3|2 :
5 - é § Scm NC1 MO SCC1
ChB Rx ChB Tx oLt ST O
4
NetgateRx NatgateTx ORCISCCI(hA & o o
_oaciscrona ¢ < [}
NC1 M1 UmbilTx M1 &S [N}
_ORC2 SO (A 4
;
o] L -
£ soci| 2
nbitRx M1 CNB X 4B Tx L noiyisocion o
ey NC1 MO SCC1 ChA *
M1 i e.:loi I[0.0-20," W § o 17
0QB8Ct 50C3 ChA ® g —li
ChAf 7 —ca@sczan ¢ X &
082 SOCICNA_ ¢
SCc2 {
ChB Rx ChB Tx {
— — ’
NetgateTx Netgatefx S
19 3-51 Up/Down Link
(® PDU Block Diagram
NAST
pgnd —'—H—] +28V
pPSuU NC
+HV vQC
" angsVv voC
H2V PV o
vee P28V
-12v N12V L L |
gnd 541 $$%3 Al D#ﬁ)
= agnd )
ond dJ_, oD oy QD T :
Bv T agnd gnd
+28V P& A l
::] pgnd
} O ! N12v Vreg > 2V
S Pond /77 pand I
+ gnd

719 3-52 PDU Block Diagram

* gnd, agnd, pgnd is isolated in NC Module
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PDU(Power Distribution Unit)e ¥ X< ModuleZ2 F+&Ho] A &3 NC Modulegtdl
X8tz gl PDUS 93 Power Module(BM, PSUDNERE e S NCY

Commando]] u}2} Power Switch® On/Off st 715 & 3t = PDUE 49 Subsystem
AL On/Off 3 e ). E3F PDUE Over Current HA Ao HY-L Trip-Offs}

71%%0] 9lt}. NCx PDU Switche] On/Off AFe] @ 2z} Subsystem?] Current #tS

rr

Telemetry 3T},

Micro Controller
NC¢ Micro Controlleri= $-2'd 33 ¢] Heritage7} ¢4+ Intel®] 87¢51& A3 it
NC9] Mo, MldlE Z+7 Y4 22 Micro Controllerg AMg-3to] Hujg 234 &
F 9A AdAHC] glon =3F System HAA S 98] WatchdogE AHE Y. T2 4
o2 = 8bits®] On-Chip EPROMS A}&3H9 32K bytes?] &3¢ 71Xz 9tk 28lx
Data A& RAM 1892 8K Bytes®] SRAME A}g-5tm] H/W EDACS 913 8K Bytes9]
EDAC-$ SRAME 7}x}la1 it}

©® Telecommand

Telecommandy XAz 2 OBCo] ¢]8)A] Telecommand Protocolo] k= 2] © =2 Data
Packeto] NCE E90] 91 Bi-Level A3 2 949 2} Subsystem % NC W& <] PDU On/Off
AlEZZ2 Algo] Hrth TelecommandE A A  o}F F23 REom=zZ Hi|

Telecommand’} 2 $3 5 =2 28 4 ¢l Monitoring 7] 5 (Digital Telemetry)g $]
3 H2E FtE EATY. 949 7 Subsystemd HPES On/Off IJe FLF
Telecommand®] 7o &= NC9 MO, M1 o} = Zo) A1} On/Off Control & <4 17 XORS)
22 FAHo Itk XORIzZ 2 FAo| Heol glow wF MO MIE I RelA
Control £354eld et & ZFd A On/OffE Control & 4 Ut}

NC¢} Subsystem 7F2] Telecommand Interfacet= ©}8-3 Zt}.
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-Common GND-

18 3-53 Telecommand Interface (Common GND)

- Separate GND -

2% 3-54 Telecommand Interface (Separate GND)

(0 Telemetry

Telemetry:= Digital Telemetry$} Analog Telemetry@ o] %] Digital Telemetry& & 2}
A Porte] kol Logic0¢lA] Logicl?lzx & 4 A =™ Analog Telemetry®] 7% A/D
ConverterE 34 12bit9] Resolution® Z Digital o2 W3t= o] g3 A A Ft}. Digital
Telemetry= Micro Controller7} 313 Telemetry Address® Readdt® 1 wj9] porte] HElE
9]0} 9 Al ©t}. Analog Telemetry®] 7-$-o)& 2z} Subsystem S ZH-E] 0V ~ +5V&] Analog
e wow NCe OPAMPYS AXW -10V ~ +10VE Level Conversioneo] %o A/D
Converter 2} %}_Q}li Eojzttk.  A/D Converter®] sampling A& Micro Controller”}
/CONV_START (Conversion Start) A3 & F9 Alzto] H i samplinge] EUA HE ADC
= /ADC_EOC (End Of Conversion)X & & WA ®t}l o] =] 12bit2 Conversiond #< ¢
oJ4 g stA Fth. NCOA A Channel®] TelemetryE 278 % U3 F71H o=
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% TelemetryE £ (1/8sec, 1/4sec, 1/2sec, lsec, 2sec, 4sec, 8sec)d 4 YT Program F

o g},

@ Serial Communication

3}8t7)1&2A 132 SubsystemETe] Async AL 3 NCe Mo, Mle| Z+7
DUART (Dual UART)7} Q1o o]& E3te ztzh )l 7§<) Subsystem3} FXlo] 7H& 3ttt
DUART Chip& Zilog® Z85c302 A}&3tidh

@ Network Interface

NC9 NC37Fe] Networke Master/Slave Token Bus ¥ o2 £ 5B] I %5 NClo} Master
Z 4] NCE9] Network Tokeng #AdT}. zZF NCEL #4119 SubsystemO ZHE w2
DataZ B33 7l NC12ZHE Tokend ow ThE NCEZ DatnZ BuUlA B4
#H8t71& 94 159 Network® L 153.6kbpse] Primary Network®} & £ %91 76.8kbps?]
Backup Network Wo2 Aol o] glon Netgate(Network Gateway)E &3 Primary
Network¥} Secondary Networko] @AZx o] 9lth Network e 2HE]2] Data PacketE<
Differential Line® %3}a] RS485 Driver Chipg %3] Micro Controller€]On-Chip UARTZ
20]9 A "t} Network® 2 DataZ uURd uwjo]E RS485 Drive Chipe] TxE Enabled}Al
3t 3 Data® B U = 31 Half Duplex 9248 A}&3Ht)

Net gate
NC #1 < NC #1
8751 UART SCC 85C30
RS-485 XCVR Primary Network RS-485 XCVR
NC #2 MUI{}:;{DTROP ' NC #2
8751 UART [ SCC 85C30
RS-485 XCVR RS-485 XCVR
153.6kbps
76.8kbps
Secondary
Network
NC #6 MULTI-DROP NC #6
8751 UART UART — ] sccC85C30
RS-485 XCVR RS-485 XCVR

1Y 3-55 Network Interface
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@ Reset & Watchdog Circuit

Watchdog Reset2 NC7} 2 FZolu} dA)& el :A A3loA] CPUE Reset A7 22 A
AAEA AHZ Eold 4 AA = 7]% & sl Watchdog Reset Logic> CPU2)
Watchdog Clear A1 3 & #)<4 monitoringd} @A AA A]7F <to] Watchdog Clear Al 57} 7+
AHGA] FowW AFoE CPUE ResetAlZit). m=g $149 HYe] On HUEL # (NCo
Z ResetAl 371 217129 4+ 2= Power On Reset7] 5 & o
o OBCY A|dZoA AAYHE 0] &3 Reset® 75 3ch

Power-On Reset> R, CE o]£3F dFstzm otAZAQ Resete® FAES Ut
Commandol] 2]3F Reset2 M02] Reset& M1¢9] Commandd] ]3] o] Fo]x i M12] Reset2

ro
A
i
32
tlo
%
N
oft
lo

MO0¢} Commande] ]3] Cross Reset B E]& o]Fo]zit}. Reset TelecommandXlZ 2] Low
Edgeol A] Resete] Z2]A] =2 E Reset H#-& [ON]3 F o] [OFF]3t= <7t Reseto] T3
gtth. o] X3 Reset3 Level Trigger W2]o] o}l Edge Trigger 2] o2 F&3I o] fF:
SEL (Single Event Latchup)s $F 3Ao|xe Eod 942 3o} Reseto] ¢ Al
He A4 3 dYA dE AL A8 95t Reset Command”} Higholl 4] Low®
Wo]A uf Reseto] AalA F&HFc}t Watchdog Circuitol]] ¢l 3+ ResetS Watchdog 3] 20l
Clearil 37} 8% T¢F Eoj2% ¢gow Watchdog 32+ CPUE ResetdlAd Htr}l. NC
Software] ] = main()F o] WatchdogE Clearsl= 20| glojA AAERY A=
Watchdog Resete] ZA2|X] A o] itk 3R wek 9J& 4 & Software Bug $2
2 sl EAREA & Loopd oW WatchdogE Clear 34 o CPU7}
Reseto] A& 3o CPUZE %7|38 & ¢g5= 3t} £33 NC Softwareol] 4] &= Reset
CountE& M3 ¢7] W&o Reseto] © AFE A=A st & g ABE AT
o.

@ Address MAP
Total 64K (0x0000~0xffff)

Address Size Use H] 3L
f000~ffff 4K Unused
e000~efff 4K /duart2 DUART?2
d000~dfff 4K Unused
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c000~cfff 4K /duartl DUART1

b000~bfff 4K /sp csl Spare Chip Selection]

a000~afff 4K /sp_cs0 Spare Chip Selection0

9000~9fff 4K /timdh Analog Telemetry High Data (ad8~ad11)
8000~8£ff 4K /tlmdl Analog Telemetry Low Data (ad0~ad7)
6000~7fff 8K /data ram External RAM Area (8K)

5000~5fff 4K Unused

4000~4fff 4K /dtlm Digital Telemetry

3000~3fff 4K Unused

2000~2fff 4K /fpga_cfg b |FPGA Config

1000~1fff 4K /emd Telecommand

0000~0fff 4K unused

E 3-34 NC Address Map

@® EDAC Algorithm

NC Module2 Intel 87¢51 CPUE A}-£3}<] 8bit data busE 7}X|B] External RAMO 2
Info Data RAM (8K Bytes)@} Parity Data RAM (8k Bytes)S 7}A| 1L 1t}. DataE Write &
o= A DataE Info Data RAM (U)o 23 3 23stE Parity Data® U2 27 HH
DataZ Read & & Info Data®} Parity Data® ¢JojA EDAC Algorithmol] ¢]#)] Error
Detection 3 Correction® 374 ©r}. NC¢ Hardware EDAC Algorithme (7,4) Hamming
Codecll Redundant bitg 1bit ©] &2]A] 4 Information bit®} 4 Redundant bitE A}&3td

1bit error correction®} 2bit error detectiong & 4 gt}

0001 1010 info Data (U1)
(RAM B8K)

0111 0110 parity Data (U2)

(RAM 8K)

External Memory EDAC B/D

19 3-56 EDAC Block Diagram

=, 919} #Zo] External DataZ} 00011010 o] AF$] nibble9]Info Data(0001): Ule] 7] &
3] 3 =)= Parity Data(0111)& U2¢] 7]Zo] ®t}. 3}$] nibble® A = & &o)

e
Nu

otzfjo] Fe} o] Hal wHolel9} Parity Data’} 2+Zt RAM Ul, U20] A&o] "t} =,
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(7,4) Hamming Codeol] even parity bit7} A *o] Ht}.

Information Data ] A+ =] = Data
(m) Information(4) + Redundant(3) +even parity(1)
RAM Ul RAM U2
0000 0000 000 0
0001 0001 011 1
0010 0010 110 1
0011 0011 101 0
0100 0100 111 0
0101 0101 100 1
0110 0110 001 1
0111 0111 010 0
1000 1000 101 1
1001 1001 " 1100
1010 1010 011 0
1011 1011 000 1
1100 1100 010 1
1101 1101 001 0
1110 1110 100 0
1111 1111 111

X 3-35 Extemal Memory EDAC

Codeword U (Information(4)+Redundant(3))= o237 & Generate Matrix G & AM&-3th

100 0]1 01

01001 11

(117 0010|110

G = =lo 00 1[0 1 1
U=m*@G

Parity Check Matrix H =Generate Matrix G ¢} Orthogonal 3}% th&3} Zo] Aot

—
— = O
S O
o = O
= O O

1 1
0 1
T
m-{PII - |11 o
Syndrome S =Parity Check Matrix H ¢} Received codeword r (2 A] 9] Data) ¢ §o2
Ael7t dd.
S=H*r

qtoF Read3l Datae] k4] Syndrome Zto] 0 ©|H Emror7} §le AL <9v]| 3.

One bit errordl] t)3 Syndrome®] & t}&a &t}
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Error Pattern
' Syndrome | B]Z
Information | Redundant

0000 000 000 No Error

0000 001 001 Parity 1° bit Error
0000 010 010 Parity 2™ bit Error
0000 100 100 Parity 3" bit Error
0010 000 110 Info 2™ bit Error
0100 000 111 Info 3™ bit Error
1000 000 101 Info 4" bit Error

¥ 3-36 Syndrome Table

Readdt Data (codeword r) ¢} Syndrome S& T3+ g3} Overall ParityE AJAFs}e] 1bit
error correction @ 2bit error detectionS & 4 9t}
Syndrome = “000” ©]iL Overall Parity = 0 = No Error
Syndrome = “000” ©]iL Overall Parity = 1 <» Single Error
Syndrome = “000” ©]i Overall Parity = 0 =» double Error
Syndrome = “000” ¢| 3 Overall Parity = 1 =» Overall Parity Error (=Single Error)
29 A% A9 Feo £Y3l SyndromeztE B Ermor/} & bitE ¥HAA]AA ErrorE

g gt

¥

< Read§l Data®] Zto] No Errorgl 79 >

7ok, Info Data(RAM Ul)elA] €]-& Zto] [0001]6} 3 Parity DataRAM U2)olA 91L& #
o] [01111°] ¥ Information [0001], Redundant[011], parity[1] ©]® & codeword r=[0001011]¢]
t}.

(0]

0

0
1110100 1 (o
o011 1)o1 ol |° o
S=H*r=1101001*i=0

Syndrome S gko} 00]az, Info Data[0001]#} Parity Data[0111]¢] Overall Parity=
0 o]= 2 Info Data [0001] No Emorgl 7-$-o]t}.
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< Read3l Datadl] 1bit error7} e A$ >
7koF Readd Info Data’} [0000]0] 5L Parity Dataz} [0111] o]2}¥,  (Info Datadl] 1bit error
91 7 9) Information [0000], Redundant[011], parity[1] ©]3 codeword r=[0000011]°]T}.

rO~
0
0
t110(100 3% (o
011 101 o % {1
S=H*r=1101001*i=1

. J

Syndrome S7} [000]¢] o}y i readdt Info Data [0000]9} Parity Data[Olll]%]
Overall Parity®= 1o] =& Single Error7t Q& 7-$-°lt}. Syndrome S=[011] g2 919 ol
At 2ol R WA Data bito] A} Emror7} ¢ 7 $-o|t}. wa}a] Information Data[0000]9] A

HA bitE ¥HA Al 71 [0001]0] error correction®l datao] T}

< EDAC Error Count >

g E9 Zo] #F Addressol]l 27 gS & F 5F &7 Daa gL glod aW7tA

Single Error(or Double Error)7} B WH @A =X o4 4 At

Single Error Double Error

Writing Initial Value Writing Initial Value
Set at address 0x2001 at address 0x2002
Read Reading from address 0x2001 Reading from address 0x2002
X 100% Recovery Only Detect

@® Telecommand & Telemetry Port Allocation
NCeol] &93H Telecommand % Telemetry Tableg v}e}Wit}.

(m] NC1 Telecommand Port

Signal Name

T Remark
pe Primary Secondary om

CMDO OBC1/+5V OBC1/+5V XOR
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CMD1 OBCI1/RST OBC2/RST
CMD2 OBCI/EDAC OBC2/EDAC
CMD3 OBC1/ROM/H L OBC2/ROM/H L
CMDA4 OBCI1/NC5/RST OBC2/NC6/RST
CMDS5 SPRA/SWC/RST SPRB/SWC/RST
CMD6 SPRA/DAC/EN SPRB/DAC/EN
CMD7 SPR/SELECT SPR/SELECT XOR
CMD38 GPS/H5V _+12V GPS/+5V +12V XOR
CMD9 GPS/RST
CMD10 GPS/EDAC/ON
CMDI11 Rx1/Freq Sel
CMDI12 SPRA/MODE/COMI1 SPRB/MODE/COM1
CMD13 SPRA/MODE/COM2 SPRB/MODE/COM2
CMD14 PYRO/EN1 PYRO/EN2
CMD15 PYRO/FIRE1 PYRO/FIRE2
CMD16 Tx1/+12V Tx1/+12V XOR
CMD17 Tx/SW/CTRL1 Tx/SW/CTRL2
CMDI18 PSU1/A2 ON PSU1/B2 ON
CMD19 DEM2/FSK AFSK DEM3/FSK AFSK
CMD20 Tx1I/FREQ b0 Rx1/AFC ON
CMD21 Tx1/FREQ STRB
CMD22 BM/CELL CLK BM/CELL CLK XOR
CMD23 BM/CELL RST BM/CELL RST XOR
CMD24 Tx2/+5V Tx3/+5V
CMD25 Tx2/4+12V Tx3/+12V
CMD26 UMBIL ON UMBIL ON XOR
CMD27 SNC1 RST PNC1 RST
CMD28 Tx2/FREQ DATA Tx3/FREQ DATA
CMD29 Tx2/FREQ CLK Tx3/FREQ CLK
CMD30 Tx2/FREQ LE Tx3/FREQ LE
CMD31 OBC2/+5V OBC2/+5V XOR
CMD32 MOD2/DMUX b0 MOD3/DMUX b0
CMD33 MOD2/DMUX bl MOD3/DMUX bl
CMD34 MOD2/DMUX b2 MOD3/DMUX b2
CMD35 MOD2/SYNC MOD3/SYNC
CMD36 MOD2/AMUX b0 MOD3/AMUX b0
CMD37 MOD2/AMUX bl MOD3/AMUX bl
CMD38 MOD2/AMUX b2 MOD3/AMUX b2
CMD39 MOD2/SPEED MOD3/SPEED
CMD40 MOD1/AMUX b0 MOD1/DMUX b0
CMD41 MOD1/AMUX bl MOD1/DMUX bl
CMD42 MODI/AMUX b2 MODI1/DMUX b2
CMD43 MODI1/SYNC MODI1/SPEED
CMD44
CMD45 DEMI1/FSK AFSK
CMD46 Rx3/+5V _+12V Rx3/+5V +12V XOR
CMD47
[m} NC2 Telecommand Port
Signal Name
Type Primary Secondary Remark
CMD0 PSU2/Sec/20V PSU2/Sec/20V
CMDI1 PSU2/Sec/5V PSU2/Sec/5V
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CMD2 PSU2/Pri/20V PSU2/Pri/20V

CMD3 PSU2/Pri/5V PSU2/Pri/5V

CMD4 GyroA/Reset GyroA/Reset

CMDS5 GyroB/Reset GyroB/Reset

CMD6 GyroC/Reset GyroC/Reset

CMD7 GyroD/Reset GyroD/Reset

CMDS GyroA/Power GyroA/Power

CMD9 GyroB/Power GyroB/Power

CMDI10 GyroC/Power GyroC/Power

CMD11 GyroD/Power GyroD/Power

CMD12 WheelA/Power WheelA/Power

CMD13 WheelB/Power WheelB/Power

CMD14 WheelC/Power WheelC/Power

CMDI15 WheelD/Power WheelD/Power
CMD16 NC2/Pri/Reset NC2/Pri/Reset

CMD17 NC2/Sec/Reset NC2/Sec/Reset

CMD18 NC2/OBC1/DL Change NC2/0BC1/DL_Change
CMD19 NC2/0BC2/DL_Change NC2/0BC2/DL._Change

(w] NC3 Telecommand Port

Signal Name
Type Primary Secondary Remark
CMD0 SNC3 RST PNC3 RST
CMD1 WIST/+28V WIST/+28V XOR
CMD2 WIST/MUXO0 WIST/MUX1
CMD3 WIST/RST WIST/RST XOR
CMD4 MTQR2/+5V MTQR2/+5V XOR
CMD5 MTQR2/+12V MTQR2/+12V XOR
CMD6 MTQR2/+28V MTQR2/+28V XOR
CMD7 ASS/+12V 12V ASS/H12V 12V XOR
CMDS NMAG/H+12V 12V NMAG/H+12V 12V XOR
CMD9 CSS1~3/+12V 12V CSS1~-3+12vV 12V XOR
CMDI10 MTQRI1/+5V MTQRI1/+5V XOR
CMDI11 MTQR1/+12V MTQR1/+12V XOR
CMDI12 MTQR1/+28V MTQR1/+28V XOR
CMDI13 NAST/H+28V NASTH28V XOR
CMD14 NAST/MUXO0 NAST/MUX1
CMD15 NAST/RST NAST/RST XOR
(m] NC4 Telecommand Port
Type ' Signal Name Remark
Primary Secondary
CMDO SNC4 RST PNC4 RST
CMD1 PDTx/MMS IF1 PDTx/MMS IF2
CMD2 PDTx1/+28V PDTx2/+28V
CMD3 PDTx1/PA PDTx2/PA
CMD4 SPP/P+28V SPP/S+28V
CMD5 SPP/MUXO0 SPP/MUX1
CMD6 ESA/P ON ESA/S ON
CMD7 SST/LP/SM P ON SST/LP/SM S ON
CMDS8 MMS1/+28V MMS2/+28V
CMD9 MMS1/RST MMS2/RST
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CMDI10 DCS/BBP/+28V DCS/BBP/+28V XOR
CMD11 DCS/UHF/+28V DCS/UHFE/4-28V XOR
CMD12 FIMS1/+28V FIMS2/+28V
CMD13 FIMS/SW A FIMS/SW B
CMD14 FIMS/SW MOM]1 FIMS/RST
CMD15 DCS/IF/+5V DCS/IF/A+5V XOR
(m} NC1 Telemetry Port
Signal Name
Type Primary Secondary Remark
ANO OBC1/TEMP OBC2/TEMP
ANI1 BAT/+X/Tcell BAT/ X/Tcell
AN2 PSUI/TEMP A PSUI/TEMP B
AN3 Tx2/TEMP Tx3/TEMP Temperature
AN4 +Yfacet/TEMP
ANS
ANG6
AN7 SPRA/TEMP SPRB/TEMP
ANS Tx1/FWD PWR Rx1/RSSI
AN9 Tx1/BWD PWR
AN10 Tx2/FWD PWR Tx3/FWD PWR
ANI11
AN12 Rx2/RSSI Rx3/RSSI
AN13 PSU/+5V/V PSU/A+5V/
AN14 PSU1/ - 12V/V PSUL/ - 12V/1
AN15 PSU1/+12V/V PSU1/+12V/1
AN16 SPRA/PWM/Vctrl SPRB/PWM/Vctrl
AN17 SPRA/PWM/Vce SPRB/PWM/Vcce
AN18 SPRA/BAT/REF2 SPRB/BAT/REF2
AN19 SPR/BAT/Ichg SPR/BAT/Idchg
AN20 BM/BUS+28V/I
AN21 SPR/DACI SPR/DAC2
AN22 SPR/ X1 SPR/A+X/1
AN23 SPR/SP/V SPR/ Z/1
ExtANO BM/PSU2/1 | BM/PSU2/1
ExtAN1 BM/BAT/ Vcell
ExtAN2 OBC1/+5V/I OBC2/+5V/1
ExtAN3 Tx2/+5V/1 Tx3/+5V/1
ExtAN4 SPR/BAT/V
SP0 Tx1/LOCK Tx/RelayPos
SP1 Tx2/LOCK Tx3/LOCK
SP2 Rx2/LOCK DET?2 Rx3/LOCK DET2 .
SP3 Digital Status
SP4 Rx2/LOCK DETI1 Rx3/LOCK DETI
SP5 SPRA/DAC/EN SP SPRB/DAC/EN SP
SP6 PYRO/CUT1/SP PYRO/CUT?2/SP
SP7 DEPLOY/SP1 DEPLOY/SP2

(@] NC2 Telemetry Port

- 133 -




NC29] Telemetry Port:= channel 0x1F2] AF¢] 4 bits®} channel 0x232] 3}¢] 3 bits THE
©]-8-3+t}. Channel 0x23-& NC2 MPU$] Portl& vhebyict
channel Ox1F: A A] Telemetry Status PortZ o] &3} Zo] olugt CMD Porte] A4 4

bitsE ©] &t o]RO2 CMD ¥H& RHUE EAe BASHA =

Signal Name

Remark
Type Primary Secondary emar
SP4 PSU2/Sec/5V/ST PSU2/Sec/5V/ST
SP5 PSU2/Pri/5V/ST PSU2/Pri/5V/ST .
SP6 PSU2/Sec/20V/ST PSU2/Sec/20V/ST Digital Status
SP7 PSU2/Pri/20V/ST PSU2/Pri/20V/ST

channel 0x23: o]w|, SPOS} SP1¢] gto] zow SP2 & ‘I’ & 7bx)a NC2 Primary7}
RCU E4 Line2 F5¢3 AL yeluyny, SP0 SP1¢] Fto] 2w SP2:= ‘0’022 NC2

Secondary 7} RCU %4l Lineg H{3F AL Vebdith
Signal Name
Type Primary Secondary Remark
SP0 NC2/Pri/P1.0 NC2/Pri/P1.0
SP1 NC2/Sec/P1.1 NC2/Sec/P1.1 Digital Status
SP2 NC2/Pri_or _Sec NC2/Pri_or Sec
(m] NC3 Telemetry Port
Signal Name
Type Primary | Secondary Remark
ANO WIST/CCDT
AN1 WIST/PCBT
AN2 NAST/CCDT
AN3 NAST/PCBT Temperature
AN4 HP/+Z/TEMP
ANS5 HP/ X/TEMP
AN6 HP/+X/TEMP
AN7 MTQR1 +28V/1 | MTQR2 +28V/1
ANS ASS/HorA
AN9 ASS/HorB
AN10 ASS/VerA
AN11 ASS/VerB
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AN12 CSST/A
ANI3 CSS1/B
AN14 CSS1/C
ANI1S CSS1/D
AN16 CSS2/A
AN17 CSS2/B
ANIS CSS2/C
AN19 CSS2/D
AN20 CSS3/A
AN21 CSS3/B
AN22 CSS3/C
AN23 CSS3/D
EXtANO NMAG/}(
EXtANl NMAG/Y
ExtAN3 NAST/+28V/I
ExtAN4 WIST/+28V/I
SPO WIST/ON OFF
SP1 NAST/ON OFF
SP2 NMAG/ON OFF N
SP3 ASS/ON OFF Digital Status
SP4 CSS1~3/ON OFF
SP5
SP6 NAST/XFO
SP7 WIST/XFO
m] NC4 Telemetry Port
Signal Name
pe Primary i Secondary Remark
ANO SP/+X/TEMP
ANI1 SP/ Z/TEMP
AN2 SST/TEMP
AN3 PDTx1/TEMP Temperature
AN4 MMS 1/TEMP
ANS Y facet/TEMP
AN6 SP/_X/TEMP
AN7
ANS FIMS/TEMP SCIF
AN9 FIMS/TEMP MOTOR
AN10 FIMS/TEMP_ MIRROR
AN11 PDTx2/TEMP Temperature
AN12 MMS2/TEMP
AN13 FIMS/TEMP LVPS
AN14 FIMS/TEMP VACUUM
AN15 FIMS/TEMP DOOR
AN16 PDTx1/+28V/
AN17 PDTx1/FWD PWR
ANTS MMS1/+28V/I
AN19 FIMS1/+28V/T
AN20 PDTx2/+28V/I
AN21 PDTx2/FWD PWR
AN22 SSP1/+28V/I
AN23 DCS/BBP/+28V/I
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ExtANO MMS2/+28V/T

ExtAN] FIMS2/+28V/I

ExtAN2 SSP2/128V/I

ExtAN3 DCS/UHF/+28V/

ExtAN4

SPO MMS1/3P0

SP1 MMS1/SP1

SP2 MMS1/SP2 N
SP3 MMS1/SP3 Digital Status
SP4 MMS2/SP0

SP5 MMS2/SP1

SP6 MMS2/SP2

SP7 MMS2/SP3

(8 NC 2 UP S/W

D Ns

otgf 1YL NCRESY FAHEE et

Rx/Tx Module

19200bps 19200 bps

1Y 3-68 NC 2§ AR
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NC System2 67§19 NCZ FA=Ho Qod, z2}z+e] NCol+= 47]¢] SubsystemEo] AZH
ojlt}. 24 Subsysttm R EE-E NC SystemS E3lo] A 27k HolHE Fi We
NC System& 87C51 microcontrollerE A}-£3}] 21, Subsystem¥}2] QA2 Z85C30 SCCE
Ab&ste A HAT

- NC-Subsystem Framed % 7] %

- Telecommand*} & 7]%

- Telemetry Sampling”] %

- 7)E}NC-NCZ}, NC-Subsystem?t Z2EZ A7 7|%

@ At

€D NC NCzF Network 7]%

NC-NCZF Hlo]EH 8 £45A3E 7oz AAz Ae9A 159 Back boned ZL 7]

ofr

<€ 4313} Networko]t}.

A4 oHlEr] 34

T

off

2l
- AZAH2 : Bus

¢

o

- X : Primary:153kbps, Secondary:76.8 kbps
- X2 & F : Master/Slave -Token Bus® 2]

- NetworkS E3]A 0193 Framexl & 7|%

@ NC Subsystem7} Communication
NC-Subsystemzte] Ho]E& 4/4:418tE 7% 224 NCo| 94Z% Subsystem ©] 7]%
& Bokol Yoleg H/5ABTt

A - HE 7Y

—

2

A4 : Point-to-Point

- 4% : 9.6kbps ~ 19.2kbps

- ZZ2EZ : SLIP

- Subsystemol] 4| 3t Frame * ]
_ 3 &4 o] : XON, XOFFA}&
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@ Telecommand

e
]
o,

= Validataion : B HS 93l SES RGA=E FASX Fodd HPAIA &
=t} Abeke) 3 9] Frame?] Error Dection?] %S 7FA1 3L glojok 3t} 17]¢] FrameolA]

o 87lolste] AW FATT

@D Telemetry
- F71# 9] Telemetry 7]%
- 8]F 713 Q) Telemetry 7] %

- Real Time Clock &A 7]1%

® *+x
NCaXZ ol 9 713583 7152 949 ZELY FAE AT NCg NCZH NC
¢} SubsystemE &l F4& B33

NC-NCZ} NC-Subsystemzte] EA1& $13% ProtocolAlZE +Z& S 2T 2.

Frame 2| Information A &
Frame Encode/Decode Frame A&
FEND+(Frame)+FEND A AS
NetAddr+

S4AE data

DUART
RS-485 PHY A&

Network Network

13 3-69 NC Protocol AlZE F+Z
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Information A&

InformationA < ©lz] A olg Frame Typed] W& A E F3se AZold. o AF
He AgRe 27" 7155 $33te AAA<Q NCU Subsystem®| Applicationg 3
kig=d

Inforametion 2] o] A} A}-&3}= Packetd] e} ofdll w} .

DA SA FT INFO

2byte | 2byte | lbyte 0~128byte

¥ 3-68 . Information Packet F+%

Packetg T4 38}= Fieldo] didh A& olge} Zu).
DA(Destination Address): Frame®] = # X] Address.
SA(Source Address) : Frame2] Source Address.
FT(Frame Type):Frame type filed
INFO : information

Address T3

o] AlZox AL&3tE Addresso] i3t Aol ofe} 2

® DA/SA Field®] %

DA/SA
Byte 0 Byte 1
Primary/
Channel Number TaskID & Secondary NC Number
Subsystem ID
Network

¥ 69 DA/SA filed +X%
® (Channel Number

Bit 7 ~Bit 4 Description Remark
0x0 Node Controller
0x1 SCCCH 1
0x2 SCCCH2
0x3 SCCCH3
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0x4 SCCCH4
0x5 SCCCHS5
0x6 ~ OXE Reserved
OxF NCol] 94723 2 Channel NC £+

¥ 3-70 Channel Number? €]
® Task ID/Subsystem Sub ID
Qidgon 08 AsHH, e AU FA o3 Takot AgIHE A
Task IDY} Subsystem?] Sub IDZ A}-§-Ht}.

Bit3 ~Bit0 Description Remark
0x0 Reserved
0x1 Task 1 &=+ Subsystem 1
0x2 Task 2 5=+ Subsystem 2
0x3 Task 3 %= = Subsystem 3
0x4 Task 4 B = Subsystem 4
0xE Task 14 ¥ = Subsystem 14
0xF B & Task =+ B & Subsystem

¥ 3-71 Task ID/Subsystem IDA 2]

® Primary/Secondary Network

Bit 3,2 Description Remark
0x0 Reserved
0x1 Primary Network
0x2 Secondary Network
0x3 Primary/Secondary SAE= A9

¥ 3-72 Primary/Secondary Network 2| E

NC Number Description Remark
0x0 Reserved
0x1 NC #1
0x2 NC#2
0x3 NC#3
0x4 NC #4
0x5 NC #5
0x6 NC #6
0x7~3E Reserved
0x3F Networke]] 12 ¥ 2E NCE 97|

¥ 3-73 NC Number F9] &
® NC Number



obz) ¥ AA W NC2 NCo| A2 Subsysteme] F4FEL vhebdith

Primary
NC AdH 3 By::gue(Hg;)tel Subsystem 2 % (bps)
NC 00 41 NCA}A 153600
o 9600(RF)
. 1 10 41 RF,Umblhcal 1200(UM)
2 20 41 GPS 9600
3 30 41 RF 1200
4 40 41 Netgate 19200
2 RCU FA4 &Z
NC 00 43 NCAA 153600
1 10 43 OBC Link 9600
3 2 20 43 NAST 19200(2 stop bit)
3 30 43 WIST 19200(2 stop bit)
4 40 43 MTOQR 9600
NC 00 44 NCH} A 153600
1 10 44 MMS 9600
4 2 20 44 FIMS 9600
3 30 44 ESA,LP,SST 9600
4, 40 44 DCS 9600
NC 00 45 NCAFAI 153600
Hardware
5 1 10 45 OBC1 FIFO FIFO
2 20 45 OBC1 SCC 9600
NC 00 46 NCA}AI 153600
Hardware
6 1 10 46 OBC2 FIFO FIFO
2 20 46 OBC2 SCC 9600

¥ 3-74 NCol| 94239 Subsystem Address 9] ¥

Secondary Primary$} %YU3l}  Network Address¥t T}Zt}. Network Address& 29
Primary7} 4x$1 6] Secondary: 8x& 7} W A] Subsystem F ¥t 18] 1L Network
9] & %7} Secondary: 78600bpso] T}

Frame Type # Information fieldd] 3¢

Frame Type 0x00 ~ O0x3F& NC$ NC @ NC¢ Subsystemo]A A}83te FrameE 3
Subsystem Alolo|lA] FE 0.2 AL-3tE FrameSolw, Uz & Zb Subsystem Apo]o] A
oJ3le] ARE-& & Q).
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Frame Type Description Remark*
0000
0001
0010 Invalid Address All Subsystems
0011 Invalid Frame Type All Subsystems
0100 Invalid Frame Length All Subsystems
0101 Bad CCITT 16 All Subsystems
(00) 0110 NC Network Token NC
0111 NC EDAC Error Counter Reset OBC & NC
Line 1000
Control 1001
1010
1011
1100
1101
(00) {116
Line 1111
Control 0000 ACK frame All Subsystems
0001 Time Set All Subsystems
Command 0010 SCC Reset All Subsystems
0011 SCC Control All Subsystems
Request 0100 Rx/Tx Queue Reset All Subsystems
/ 0101 NC EDAC Enable/Disabie NC Only
Reply o1) 0110 NC Memory Switch NC Only
0111 SCC Enable/Disable NC Only
Command 1000 Telemetry Broadcasting Start OBC & NC
1001
1010 Telecommand OBC & NC
1011
1100
1101
1110
1111 NACK frame All Subsystems
¥ 3-75.NC Z2EE AHR
Frame Type Description Remark
0000 Echo Request All
Subsystems
0001 Error State All
Subsystems
0010 Queue State All
Subsystems
0011 System Identification All
Subsystems
0100 Time All
(10
Subsystems
0101 OBC Life Sign OBC & NC
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Request 0110 NC._ Network_State OBC. & NC
0111 NC EDAC Error Counter Value OBC & NC
1000
1001
1010 Periodic Telemetry Data OBC & NC
1011 Telemetry Data If Required
1100
1101
00) 1110
Li 1111
me 0000 Echo Reply All
Control Subsystems
/ 0001 Error State All
Command Subsystems
/ 0010 Queue State All
Subsystems
Request 0011 System Identification All
/ Subsystems
Reply an 0100 Time All
Subsystems
0101 OBC Life Sign OBC & NC
Reply 0110 NC Network State OBC & NC
0111 NC EDAC Error Count Value OBC & NC
1000
1001
1010 Periodic Telemetry Data OBC & NC
1011 Telemetry Data OBC & NC
1100
1101
1110
1111

¥ 3-76 NC 22 & AR
- NC Only: NC %+ 38

- OBC & NC: OBC% NC 9+ +9¢
- If Requried: I 2 Subsystem 7+ +&
- All Subsystems: & Subsystem &

[Invalid Address]

A3 Frame® DAV} F3 9 A-$(3l% Channel Numbert} Task ID, Subsystem IDZ7} Qi<
745) 44 Systemo] £l Systemol] 7 4:3}+= Frameo|T}.
Information filed2] F+A-& o} ¢} 72t}

® INFO Field: 0 byte

[Invalid Frame Typel

215 Systemol) 4] A 2] ¢+E Frameo] TAFHALE A4 4 System© 2 A %3} Frame

LS4

o] t}. Information filed<) —’F’g% olell o} 2t}
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® INFO Field: 1 byte, ~41¥ Frame Type

[Invalid Frame Length]

Frame®] INFO Field Zo]7} 128byteE Y& ZA$ %4 Systtmo 2 A4 3l Frameo]t}.
Information field 7+A1-& o}&je} Zt}.
® INFO Field: 0 byte

[Bad CCITT-16]

%4l Frame?] CCITT 163ko] olide] 2A 3HE& AF F$4 Systemo2 AFd=
Frame©] t}. Information field7#+AJ-& o}ef e} #t}.
® INFO Field: 0 byte

[NC EDAC Error Counter Reset]

NCe] EDAC Logicol#] SEUY MEU A Counter Regsiter Reset 2 Frame ©]t}.

Information field A} o}&je} ).
® INFO Field: 0 byte

[ACK]

Frame Typeo] 0x11~0x1E, 0xIA(NC Only)Q] Command FrameS 4l &, CommandE A4

Aoz HL3 AL £4 SystemeE A4 3= Frame ©|t}. Information field A2 o}

¢} Zt
® INFO Field
DA SA FT INFO - o CCITT 16
2bytes | 2bytes 1bytes 128 bytes HIGH | LOW

¥ 3-77. ACK g9 7+=*

INFO Field®] U]-&-& Subsystemol] @&} ot & & 98

[Time Set]

Al System®] A|7+& A AStE Frame o]t} Information field 742 ot ¢} 2o}
® INFO Field
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DA SA FT

2bytes | 2bytes | 1bytes

"CLK3 | CLK 2 | CLK 1

CCITT 16

HIGH | LOW

F 3-78 Time Set Frame4%

CLK 3 : Clock®] Bit 31 ~ Bit 24
CLK 2 : Clock¥] Bit 23 ~ Bit 16
CLK 1 : Clock®] Bit 15 ~ Bit 8
CLK O : Clock®] Bit 7 ~Bit0

INFO Field®] 9jm]: OBCE #E FTFEE 7IE A421970d 14 19 04] 0% 0% E 7]
FOoZ AHAF 2E dbyteEZ FAJIC)
d) 20003 129 31949 CLK3, CIK 2, CLK 1, CLK 09] Binary <2 o} ¢} #t}.
30 * (365Y) * (244]) * (608) * (60%) = 946080000 =
CLK 3 CLK 2 CILK 1 CLK 0
00111000 01100100 00001001 00000000
¥ 3-79. Time Set Information 2 & FA X
[SCC Reset]
SCCE Resetdl= W& o]t} Information field14-& o}zl 9} Z}.
® INFO Field
DA SA FT INE CCITT 16
2bytes 2bytes 1bytes SCC Number HIGH | LOW
¥ 3-80 SCC Reset B8 FAX
- SCC Number
Bit 7 ~ Bit O Description Remark
0x0 Reserved
0x1 SCC#1
0x2 SCC #2
0x3 SCC#3
0x4 SCC #4
OxFF Subsystem$] = SCC
0x5~3E Reserved

X 3-81 SCC Reset W& Frame?] Information = FAX

[SCC Control]

SCCe] 444l Speed, Stop Bit,
g e} 2t

Parity 5& A|o]3}= W= o]t}. Information field 432 o}
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® [INFO Field

DA SA FT byte CCITT 16
2bytes 2bytes 1bytes SCC Setting HIGH | LOW
¥ 3-82 SCC Control Frame74 ¥
- SCC Setting®} 241 % A9l okl 2o},
Bits7piel(31it 3 Description Remark
0x0 Reserved
0x1 1200 bps
0x2 2400 bps
0x3 9600 bps
0x4 19200 bps
0x5 38400 bps
0x6 56000 bps
Others Reserved
Bsiio;, g;isz Description Remark
0x0 Reserved
Ox1 1
0x2 1.5
0x3 2
BitP? flg 10 Description Remark
0x0 Reserved
0x1 No Parity
0x2 Even Parity
0x3 Qdd Parity

¥ 3-26 SCC Control Frame¢] Information =9 F+A X

[Rx./Tx. Queue Reset]

£ 42X Queue?] PointerE® %7)3}8tetE 9 ot} Information field#A1- ol 9} 2t}

® INFO Field
DA SA FT Ol byte CCITT 16
2bytes | 2bytes | lbytes set Setting HIGH | LOW

¥ 3-27 NC Rx/Tx Queue Resetd & Frame7Ad X

- Reset Setting®] A4S A& olge} 2ol

Bit 7 ~ Bit6 Description Remark
0x0 Reserved
0x1 Rx. Queue

- 146 -




0x2 Tx. Queue
0x3 Rx./Tx. Queue
Bit 5 ~ Bit0 Description Remark
0x1 SCC CH #1
0x2 SCCCH #2
0x3 SCC CH #3
0x4 SCCCH#4
0x5 SCC CH#5
0x10 Primary Network CH
0x20 Secondary Network CH
0x3F All CH’s
Others Reserved

¥ 3-28 Rx/Tx Queue Reset Frame9] information ¥ = /4%

[Telemetry Broadcasting Start]

NCol| A Sampling & ¢ J& BE Teiémetry%}ﬂ FNA AL F 9 I F7E HAG

£ W# o]t} Information field 142 o}l 2}

® INFO Field
DA SA FT CCITT 16
2bytes | 2bytes | 1bytes HIGH | LOW
H 3-29 Telemetry Broadcating start Frame+A ¥
- Period: 1 byte
- Perioddl] 3t AFAIFE A= o}t #)
Bit Name Sampling
Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 P(Z‘;;’)d
0 0 0 0 0 0 0 1 1/8
0 0 0 0 0 0 1 1 1/4
0 0 0 0 0 1 1 1 1/2
0 0 0 0 1 1 1 1 1
0 0 0 1 1 1 1 1 2
0 0 1 1 1 1 1 1 4
0 1 1 1 1 1 1 1 8
i 1 1 1 1 1 1 1 16

3 3-30 TBP start frame?] information @ =¢] FAFE

- Return Address: 2 byte, T+ = Address Field®} 5
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[Teleommand]

NCol| Telecommand &< S 73slE W@ o]t} Information field A2 ol Z}.
® [NFO Field
SA FT : CCITT 16
2bytes | 1bytes ~ 128 bytes {imw
Byte0 Bytel Byte2 Byted Byte5 Bytel127
IFO IF1 IF2 _| CD CD
ID Flag W 1 Byte 1 Byte

MSB LSB
Bit7 Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl Bit 0
1 Byte
- ID Flag (Byte 0 ~ Byte 2)
IFO = 0x55
IF1 = OxbA
IF2 = OxA5
- CD(Command Data)e] th3t xpAl& ol ofafs} 2.
Bit Name Description Remark
Bit0 Command Bit Data Bit of HC259
Bit 1 CMDBUSAI1 ~
Bit 2 Command Address CMDBUSA3 of
Bit 3 HC259
Bit4 .
Bit 5 Bank Address Enable Bits of
Bi HC259
it 6
Bit7 Reserved Don’t Care
I T,
Bit7 Bit6 | Bit5 | Bit4 Bit3 | Bit2 | Bitl Bit0
Reserved Bank Address Ca €SS Data

P —
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Blgli\ﬁ)me Description Remark
0 Write 0 to Port
1 Write 1 to Port
E 3-31 Telecommand frame FA &
- Command Address®l] o3} ZpA) 5 A o] = o} 7)) 9} 7}

Bit3 Bl;izme Bitl Description Remark
0 0 0 Port 0
0 0 1 Port 1
0 1 0 Port 2
0 1 1 Port 3 Output Port of
1 0 0 Port 4 HC259
1 0 1 Port 5
1 1 0 Port 6
1 1 1 Port 7

- Bank Addresso] )@ 2@ Re)= oz s gk

Bit6 Blgi\iasme Bitd Description Remark
0 0 0 Bank 0
0 0 1 Bank 1
0 1 0 Bank 2 Bank Selection of
0 1 1 Bank 3 HC259
1 0 0 Bank 4
1 0 1 Bank 5
1 1 0 Reserved
1 1 1 Reserved

X 3-32 Telecommand Frame®] Command AddressTA] 3%

[NACK]

Frame Type©] 0x11~0x1E, 0x]1A(NC Only)$] Command Frameg $4 %, CommandE A4

Aoz AHELIA K3 AF 44 SystemoE A43+E Frame o]t} Information field 7443

& oh2lg 2.
® [NFO Field
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CCITT 16
HIGH | LOW

DA SA FT
2bytes 2bytes 1bytes

Received FT Error Code

¥ 3-33 NACK Frame7A &

Received FT: 1 byte, 521 ¥ Frame Type
Error Code: 1 byte, 5419 FrameS & &3t 3o A 2 A% Emord] ¥ Code

[Echo Request]

Al System© Z3E} 9] Echo Reply A4S 873l Frame ot} Information field7-4-&
obelst 2t
® INFO Field: 0 ~ 128 bytes, ¢4 2| d|o]g

[Error State Request]

Serial Interface Atolj A HAE o 2l¢) LogE & T3}= Frame ©]t}. Information field7 4 &

shale} 2.
® INFO Field
DA SA FT | CCITT 16
2bytes 2bytes 1bytes Channel Number HIGH | LOW

¥ 3-34 Error State RequestZ @Y FAFE
- Channel Number

Bit 7 ~ Bit0 Description Remark
0x1 SCC CH #1
0x2 SCC CH #2
0x3 SCCCH#3
0x4 SCCCH #4
0x5 SCCCH#5
0x10 Primary Network CH for NC
0x20 Secondary Network CH for NC
Others Reserved

¥ 3-35 Error 48] 83 Zde AR W= TR

[Queue State Request]

A Queued] AEHE 8 F3E Frame o]t} Information field+Ad L o}z e} 2.
® INFO Field: Error State Request Frame¢] INFO Field¢} 5

[System Identification Request]

- 150 -



Subsystem®] S/W version®} System IDE QF3+ Frame o|t}. Information field 7742 o}

2o} 2.
® INFO Field: 0 byte

[Time Request]

Subsystem®] @A} A7+ L F3HE Frame ©|th. Information field A& ofefi ¢t 2o
® INFO Field: 0 byte

[OBC Life Sign Request]

NCs} OBC A}o) 9] Life Sign 23/2 % Frame ©]t}. Information field 742 ol#f ¢} 2ot
® INFO Field: 0 byte

[NC Network State Request]

NC Network 2 &3 LogE 2343t Frame ©|th. Information field 42 ofef ¢} 2o}
® INFO Field: 0 byte

[NC EDAC Error Counter Value]

NC¢] EDAC Logicol 4] SEUY MEU %A Counter Regsiter S £33+ Frame ©] T}
Information field7+4-& o}&j¢} Zt}.
® INFO Field: 0 byte

[Periodic Telemetry Data Request]

NC7} #7]H 02 Telemetry® Samplingsted E7# Subsystemo 2 AFIIEHF L T3E
Frame®Z CH WE:= 028 AlF3}0, NCE o] Frameg 4 & ACK T+ NAKE &
Al Systemol M 43= Frame ©]|t}. Information field 432 o2} ZTHINFO Fieldol th@
A2 olgje} &t}

DA SA FT ) CCITT 16

2bytes | 2bytes | lbytes 128 bytes KILOW

ByteO | Byte1 | Byte 2 | Byte 3 | Byte 4 | Byte 5 | Byte 6 | -~ | Byte(N+3) |
SP RA CHO | CH1 | CH2 | CH3 [ - CHN
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Bit Name Sampling Period
Bit4 | Bit3 | Bi (sec)

=
o)
o
o
(%
N
o]
o
>

1/8

1/4

1/2

1

2

4

8

= = == =) [=3 =T =%
o e L (=1 (=1 (=Y (=1 (=1 }~Y

ot | | ot [t f et f s s [ |

ol Ll (=1 {=11) [t [ ] o) }~Y

el G Gl ] [=1 [ fo ] [

L Ll G ol el (=1 [=]} [=]

= [ s [ O O =

poand | s | et | et | ot | et § pmaat | g

16

¥ 3-36 F7]3 Telemetry 8% ZTHYd +AX

SP: Sampling Period
RA: Return Address
CH #: Telemetry Channel Number #

[Telemetry Data Request]

574 Telemetry Data A4S Q3= Frame2 2 CH W3 0¥ AZ3t}. Information
field 7+ o}zo} 2t}
® [NFO Field

DA SA CCITT 16
2bytes 2bytes 0 ~ 128 bytes HIGH | LOW
Byte 0 | Byte 1 | Byte 2 .- Byte n Byte N
CHO | CH1 | CH2 CH#

H 3-37 Telemetry dHlolg] 83 =Zdd +AR

CH #: Telemetry Channel Number #

[Echo Reply]

Echo Request Frameo) )3 -2 Frame ©]t}. Information field A& o}el9} 2}
® INFO Field: 0 ~ 128 bytes, Echo Request Frame2] INFO Frame W&

[Error State Reply]

Error State Request t) 3+ 2% Frame ©]t}. Information field7-A & ofldl e} 2t}
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® INFO Field
DA SA FT R CCITT 16
2bytes | 2bytes | 1bytes 19 bytes HIGH | LOW
4// \.
[ Byte O [ Byte 1 | Byte2 [ Byte3 | Byte4 | Byte 5 | Byte 6 | Byte 7 | | Byte18 |
F 3-38 o2 48 §F Zdd TAEX
Byte 0: Reserved
Byte 1: Rx. QueueZ} &%t 3149 bit 7 ~ bit 0
Byte 2: Rx. Queue’} £9+% 3142] bit 15 ~ bit 8§
Byte 3: Rx. QueueZ} &9t 31429] bit 23 ~ bit 16
Byte 4: Rx. Queues} 29bs) 312:9] bit 31 ~ bit 24
Byte 5: Tx. Queue”} =%9t¥ 3149¢] bit 7 ~ bit 0
Byte 6: Tx. QueueZ} &%tg 3149] bit 15 ~ bit 8
Byte 7: Tx. QueueZ} F9tg 31429 bit 23 ~ bit 16
Byte 8: Tx. Queue’} &%Fg 314-9] bit 31 ~ bit 24
Byte 9: Bad CCITT 16 Frame2 A43 3159 bit 7 ~ bit 0
Byte 10; Bad CCITT 16 FrameS A4:% 3149¢] bit 15 ~ bit 8
Byte 11: Invalid Address FrameS A3l 3149 bit 7 ~ bit 0
Byte 12: Invalid Address Frame2 A %3+ 3149 bit 15 ~ bit 8
Byte 13: Invalid Frame Length Frame-& A 43 3142¢] bit 7 ~ bit 0
Byte 14: Invalid Frame Length Frame& A 43 3149} bit 15 ~ bit 8
Byte 15: Invalid Frame Type Frame& A43F 3149 bit 7 ~ bit 0
Byte 16: Invalid Frame Type Frame S %3t 314¢] bit 15 ~ bit 8
Byte 17: Frame A3 #AH3e B{FHR &L Error7l A3 349 bit 7 ~
bit 0
Byte 18: Frame =43 ##3td £F=HA &2 Errorrl HAE 3159 bit 15 ~
bit 8

[Queue State Reply]
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Queue State Request T3+ 2 Frame ©]t}. Information field+4-& o}aje}l # ).
® INFO Field

DA SA FT | =  INFO CCITT 16
2bytes 2bytes 1bytes 17 bytes w
| Byte0 [ Byte1 [ Byte2 [ Byte3 | Byte4 | Byte5 | Byte6 | Byte7 | --- | Byte 16 |

¥ 3-39 QueueAtH] 9 Xy FAE

Byte 0: Reserved

Byte 1: Rx. Queue =7]2] bit 7 ~ bit 0

Byte 2: Rx. Queue =7]¢] bit 15 ~ bit 8

Byte 3: Rx. Queue Header2] 9 X2} bit 7 ~ bit 0
Byte 4: Rx. Queue Header®] 9]¢} bit 15 ~ bit 8
Byte 5: Rx. Queue Taill2] 91X 2] bit 7 ~ bit 0
Byte 6: Rx. Queue Taill2] ¢} x]¢] bit 15 ~ bit 8
Byte 7: Rx. Queue Tail2¢] 9% 2] bit 7 ~ bit 0
Byte 8: Rx. Queue Tail29] €)X 2] bit 15 ~ bit 8
Byte 9: Tx. Queue =7]¢] bit 7 ~ bit 0

Byte 10: Tx. Queue =7]2¢] bit 15 ~ bit 8

Byte 11: Tx. Queue Headerd] € x}1¢] bit 7 ~ bit 0
Byte 12: Tx. Queue Headere} € X<} bit 15 ~ bit §
Byte 13: Tx. Queue Taill®] $¢Jx] €] bit 7 ~ bit 0
Byte 14: Tx. Queue Taill9] ¢ 2] <] bit 15 ~ bit 8
Byte 15: Tx. Queue Tail29] ¢ x] <] bit 7 ~ bit 0
Byte 16: Tx. Queue Tail22] $]x] €] bit 15 ~ bit 8

[Syétem Identification Reply]

Subsystem®] S/W version? System IDE -$-@3}= Frame ©|t}. Information field 43L& o}

# ot 2t
® INFO Field: 0 ~ 128 bytes, S/W version =+ System ID
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[Time Reply]

Time Requesto] & <% Frame ©]t}. Information field A2 ol <} 2o
® INFO Field: 4 bytes, Time Set Frame2] INFO Field%} ¥

[OBC Life Sign Reply]

NCs} OBC A}o] 9] Life Sign £3%/2% Frame ©]t}. Information field 74 & o}efet Zoh
INFO Field: 0 byte

[NC Network State Reply]

NC Network State Requeste] t3t 2% Frame ©]t}. Information field 742 of#l ¢} 2ot

[NC EDAC Error Counter Value]

NC9 EDAC Logicol A SEUY MEU 24} Counter Regsiter 2 2% 3} Frame ot}
Information field 74 & o}z ¢} Zt}.
® INFO Field:

[Periodic Telemetry Data Reply]

NCZ2E] Subsystem® 2 Sampling3t Telemetry Raw Datad F7|ZH 02 HF 3t Frame2
2 CH ¥z & 08¢ A3
® INFO Field

DA SA CCITT 16
2bytes | 2bytes ~ 128 bytes HIGH | LOW

Byte0 | Bytel | Byte2 | Byte3 | Byte4 | Byte5 | Byte6 { Byte 7 | --- Byte N
FC CIK3|CILK2 | CIK1|CLKO | CH# DH DL

¥ 3-40 F713 Telemetry €9 ZdYd F4%

‘FC: Frame Counter (3} Frame-g Samplingdle] 4218 ) vlt} 14 F7})
CLK 3 ~ CLK 0: Time Set Frame®] INFO Field¢} 54
CH #: Telemetry Channel Number #
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DH: Upper Byte of Telemetry Data of CH #
DL: Lower Byte of Telemetry Data of CH #

[Aperiodic Telemetry Data Reply]

Aperiodic Telemetry Data Request®] $@3}= Frame2 2 CH ¥iZE 08H Al &g}

® INFO Field

DA SA FT | ‘ CCITT 16
2bytes 2bytes 5 0 ~ 128 bytes HIGH\IIUN
ByteO Byte] Bytez BthN
CHO | DHO | DLO CH# | DH# | DL#

F 3-41 H}F 73 Telemetrysloj8 &3 ¢ ZHY FAE

CH # : Telemetry Channel Number #
DH # : High Byte of Telemetry Raw Data of CH #
DL # : Low Byte of Telemetry Raw Data of CH #

Frame A&

Frame AlZ A+ 4A Frameo)| i3te] CCITT 16 CRCE AAbeto] 3713t Escaped
A8 F7}eH, £41 Frameo| W3l = CRC 162 £33t EmorE 7 &3}, Escaper At
£ A A3 Frameg AA 3o

Frame# 20| A A} &3} Packetd] HEj: ofz] 2@t 2t}

DA SA FT INFO(escape& A} 7} CRC 16
Z7}9 Info  field)
2byte 2byte 1byte 0~128byte o] AF HIGH | LOW

¥ 42 FrameAZ oA A1gEH = T +A4X

Note. Frame Al 50| M A}45)= CRCAM4E 4& thgs 2t}
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const uint16 crctable[256] = {
0x0000,0x1021,0x2042,0x3063,0x4084,0x50A5,0x60C6,0x70E7,0x8108,0x9129,
0xA14A,0xB16B,0xC18C,0xD1AD,0xE1CE,0xF1EF,0x1231,0x0210,0x3273,0x2252,
0x52B5,0x4294,0x72F7,0x62D6,0x9339,0x8318,0xB37B,0xA35A,0xD3BD,0xC39C,
0xF3FF,0xE3DE,0x2462,0x3443,0x0420,0x1401,0x64E6,0x74C7,0x44A4,0x5485,
0xAL6A,0xB54B,0x8528,0x9509,0xE5EE, OxF5CF,0xC5AC,0xD58D,0x3653,0x2672,
0x1611,0x0630,0x76D7,0x66F6,0x5695,0x46B4,0xB75B,0xA77A,0x9719,0x8738,
0xF7DF,0xE7FE,0xD79D,0xC7BC,0x48C4,0x58E5,0x6886,0x78A7,0x0840,0x1861,
0x2802,0x3823,0xCICC,0xDIED,0xE98E,0xFIAF,0x8948,0x9969,0xA90A,0xB92B,
0x5AF5,0x4AD4,0x7AB7,0x6A96,0x1A71,0x0A50,0x3A33,0x2A12,0xDBFD,0xCBDC,
0xFBBF,0xEB9E,0x9B79,0x8B58,0xBB3B,0xAB1A,0x6CA6,0x7C87,0x4CE4,0x5CC5,
0x2C22,0x3C03,0x0C60,0x1C41,0xEDAE,0xFD8F,0xCDEC,0xDDCD,0xAD2A,0xBDOB,
0x8D68,0x9D49,0x7E97,0x6EB6,0x5ED5,0x4EF4,0x3E13,0x2E32,0x1E51,0x0E70,
0xFF9F,0xEFBE,0xDFDD,0xCFFC,0xBF 1B,0xAF3A,0x9F59,0x8F78,0x9188,0x81A9,
0xB1CA,0xA1EB,0xD10C,0xC12D,0xF14E,0xE16F,0x1080,0x00A1,0x30C2,0x20E3,
0x5004,0x4025,0x7046,0x6067,0x83B9,0x9398,0xA3FB,0xB3DA,0xC33D,0xD31C,
0xE37F,0xF35E,0x02B1,0x1290,0x22F3,0x32D2,0x4235,0x5214,0x6277,0x7256,
0xB5SEA,0xA5CB,0x95A8,0x8589,0xF56E,0xE54F,0xD52C,0xC50D,0x34E2,0x24C3,
0x14A0,0x0481,0x7466,0x6447,0x5424,0x4405,0xA7DB,0xB7FA,0x8799,0x97B8,
O0xE75F,0xF77E,0xC71D,0xD73C,0x26D3,0x36F2,0x0691,0x16B0,0x6657,0x7676,
0x4615,0x5634,0xD94C,0xC96D,0xFI0E,0xE92F,0x99C8,0x89E9,0xB98A,0xA%AB,
0x5844,0x4865,0x7806,0x6827,0x18C0,0x08E1,0x3882,0x28A3,0xCB7D,0xDB5C,
0xEB3F,0xFB1E,0x8BF9,0x9BDS8,0xABBB,0xBB9A,0x4A75,0x5A54,0x6A37,0x7A16,
0x0AF1,0x1ADO0,0x2AB3,0x3A92,0xFD2E,0xEDOF,0xDD6C,0xCD4D,0xBDAA,0xADSB,
0x9DES8,0x8DC9,0x7C26,0x6C07,0x5C64,0x4C45,0x3CA2,0x2C83,0x1CE0,0x0CCI1,
0xEF1F,0xFF3E,0xCF5D,0xDF7C,0xAF9B,0xBFBA ,0x8FD9,0x9FF8,0x6E17,0x TE36,
0x4E55,0x5E74,0x2E93,0x3EB2,0x0ED1,0x1EF0} ;

#define ComputeCRC(crc16,data) ({crcl6 << 8) © crctablei(crc16 >> 8)~ datal)

of

ol

A A

of

AA

ofe

£ Network 2} 2]H-&3} SubsystemA] ] F-E 0.2 o] Zt}.

Subsystem$-¥

of

XA 22l SubsystemP 2L FrameAl Z oA} 50} Frameo] FEND(0xC0)E FrameA] &
I ol Frtsle ol 199 BAIAZ S Frames 343t

FEND DA SA FT INFO CRC 16 FEND
1byte 2byte | 2byte | lbyte | 0~128bytec]At | HIGH [ LOW 1byte
A T
Z714 Frame#] Z-)| A A4 ¥ Frame Tail

Tail
Header

¥ 3-43 E2141% 9] Subsystem¥-Eo|A AL HE =Y FAAE
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%

FAH FrameEL PHYAZ S E3l9 A43sh7] 93t Tx Queued] AAHAT. E3F Flow
control& A F3™ Flow control& XON/XOFFZ A}%??‘}E}. Flow control®] Z 8%+ o}

a9 2o

$4% A%

Frame A

A% A3 Frame B

A% Az

Xoff &4
Frame BA$ 54
Xoff A%

Xoff 541 fFrame B A% A&
Frame A A4 $A

Hu

Frame B A4 ¢

Frame B 41
Xon A%

l

Xon 541

Frame A 3']_‘%: 7“7“ /

19 3-90 NC-Subsystem?t 5&

Network H-#
Network¥- -2 WA Networke--&H2 o] tjsle] golr 1 FAIAZ9 Networki-&ol o3t

q A8 71Ee.

Network$-&-H}2]

NColA] A}85 = Network® Master/Slave Token Busil2 02 229t} Master®} Slaved]
gL G374 2.
Master: Token< #2)3tL Tokeng 7} Slaved] vjE3l= I 3o}
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Slave : Tokeng Master2 - &3 wlo} AAAZF Tokend AF3ti UAAZe] AUl
Token€ masterd]] wHd 3ttt 2t Slave: Tokeng A &3]0 ¥ Networke AM&-& 4 ¢t}
Token2 lbyte®] HolEj2 TFAHH3 Z}Zte] NCE 19 Token & 7FA1 At o
lbyte®] A2 Tokens &83}7] 93t} 87C51 CPUSIA A|F= = Automatic Address
Recognition 7]%5& AF8-3te] Tokeng &-&3hrh.

Automatic Address Recognitiong ©]-83F TokenZ£HW & w3 87C51 CPUE Automatic
Address Recognition 7]%5& Alg 7}538lA AASAEAR HHe A7iE tdFR g=
t}) AddressBl X ~Elo] FA3E A AshH 87C51-2AddressE A 2 Ho| AAH 3 U
e £A7% A8t NetowrkE-8o] &= Addressz] A 2B o] A Address14]-& 913 3}
9] nibbled AF&3t A9 nibble Token® dlolE & FE37] 3] AlLET & 54
g byte2] A<9nibblee] kol F#glo]l Y nibblegto] AddressTAAE Q] 9] nibblegtd}
dXH FAET FAH byted] A9Inibble®] 7HE BT Tokeno]H NetworkS 23
i, "HelHE YEhdE o2 NCERE A$=He HoHE 4% ¢ =F CPUE
Automatic Address Recognition a]A)3t1 ©HlolEle] <ale]l &8 HW ThA]  Automatic

ol

Address Recognition JE]E E90]7}A 3t} = Automatic Address Recognition AHejol A&
Address7} 4|3t #AYE 41531 Automatic Address Recognition 7} A€ Aejol A&

=

—

HE YolHE FAT F 3

Token &A%

gheko] Tokend 4 & A, Networks E3t9 H4E T Frameo] Yow Ho 1749
Frame& A 43} Tokend whdalil, A4 Frameo] §1o%H Tokend 6ms%E¢t A-F3la
Ela=gid=

Z} NC9] Automatic Address Recognition 7] %5 o)A A3} Addressztk3 Tokengk
Automatic Address Recognition 9| X A}-£-5= Address3t

Address gt Token gk
NC1 0x01 0x31
NC2 0x02 0x32
NC3 0x03 0x33
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NC4 0x04 0x34
NC5 0x05 0x35
NC6 0x06 0x36

E 3-44 NC Y| E9o]A A}£ 5= Automatic Address Recognitiongk

9je] ®eol FrolAl B AddressitT Tokenzte] 3} nibblezte F sty CPUE 319
nibblegto] UX st BT $A5T Toekend} HolE]e] TELS A9 nibblezto® B
A,

521415 9] Network Frame2] & &

FA A5 9 Network Frameo] Hej:= olzlel 193 v}

FAOD | HADD | gsTA | DA | SA | FT | Information ficld | CRCI6 | FEND

lbyte | 1byte | lbyte | 2byte [ 2byte | lbyte | 0~128byteo]At | 2byte 1byte
Header FrameA] o] A A A ¥l Frame Tail

E 345 FAAFE) Network¥£ol 4 AHgHE T el FHE

FrameA| 5ol A XX H Frameol] Frame®] A|&& YUeEl &= FSTAE 71832, Frame field
o] DAZ FrameS A43l7] 9)38t] Automatic Address Recognition & 3}7] 938t Address
byte(HADDR)E #7}35l12 HADDR EscapeZ=}7} oty dut £zl Zo] FHIFHY v
o] HADDR¥} QutEz& F3l7] 9359 FADDR byte® 37}gtch. 18]3 CRC163}

=
FENDH ®2 Subsystemy-&3 T3}

ol = SAAIF 9 Network¥- 2| A A}&-5 = Escape®AtE U eEbHTH
® FSTA : Networko 2 HFEHE framed] AZFE Jehlle &4
® FADDR : 53X ¢] CPU Address& T837] $18l9 Al&5HE #xoltt. o] £3F
o] F9| £A= F&7 CPU AddressZ 148t}
FESC : Escape®AHE 7E3}7] 98 &4 oo},
® FEND : NetworkeZ A$HE framed EL YelE FEXlolth.¢9
Escape®A}E9] Frame fieldol Yeld FESC+ ol2i o] #x12 W7 )
® TFSTA : Frame fieldol FSTA®3}7} YElA FESC+ TFSTAZ W73 ")
® TFADDR: Frame field”] FADDR%A7F el FESC+ TFADDRZ H7Z ®t}.
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® TFESC: Frame field®] FESCEA}7} vebbd FESC+ TFESCE ¥ H ).
® TFEND: Frame fieldo]l FENDE=}7} Yeld FESC+ TFENDE ¥ At

ote)e) W& Escape 2 o] AAZ 7AA TFE FES HEAT
® FADDR : OxE5

FEND : 0xCO

FSTA : 0xAQ

FESC : 0xDB

TFEND : 0xDC

TFESC : 0xDD

TFSTA : 0xDA

TFADDR : 0xDE

PHYA &

rr

Subsystem¥ NCZHe ddid2  dAHogln DUARTHA o2  FAlsHH

r

=
1200bps~19200bps7H <] Thkat £ w2 FAHT

Network-& RS 485 Master/Slave B} 24}2l o] 31 baudrate Primaryx 153600bps, Secondary
= 76800bpse] &2 8HT).
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NCAZEYY T4

AN AFF NCY 71%5L HE3}7] 98 NCAZE

golo] F2EE ofdld 1Y% 2t}

Network ISR(Rx)

l RxNetQ(1024byte)

Network ISR

Network ISR(Tx)

TxNetQ(1024byte) T

RxNetPacketProc{)y
ProtocolProc(NetFrame)
ReceiveToekn() Network
9=
SendToken()
A A
\ 4
Token
o Telemetry &8
os = o SendNetFrame(Telemetry, Telemetry y =
£ a = ———————
s| |3 L=
© g SendFrame(Telemetry)
= [} ’
2] =4
o (0]
£ T
o B i,
& 3 Telemetry e &2
{6} (o)
2 o
hel
o
@ Ly ProtocolX 2l | Telecommand &
—>
Qs
AcK or Nack or Reply
Y A Y
Subsystem &I
= ProtocolProc(SubsystemFrame)
9=
RxPacketProc() 2
N A OO N A I A M D |
CITIIT T T T T LTI
C T T T 1 T T T JJJ
T RxQ1~RxQ4 TXQ1~TxQ4
(22t 512byte) (2+24512byte)
Subsystme ISR(Rx) Subsystem ISR(Tx)
Subsystem ISR

a9 391 NC

AXEYY FRE
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NC £2ZE & Network 2E, Token W&, Subsystem® &, Telemetry &, ProtocolX]
E2EF /MY BREE FAHUY. 74 ZES HWEy] dol 9A 99 ZF BEE] A
Hz E8H7] $8 NC LAZEJ S #AS FAst= NC st=dlo] 873 4R 273t F
€l

NCAZES oA A& CPUY 37, SCCY #7, Telemetryd] %

87C51CPU

Serial Portd A

® CPU9| Serial Portz NC NCZ} NetworkEAl& $13te] ARg-dt}.

® Multi ProcessorE2S 7F5ste & A g

® Harware AddressE Al8-3}¢] Network© 2 £0} 9+ Frame% Hardware Address?}
A7) AN AR FAJEE ALETT

® Baudrate Generator2 Timer2E A}g-3dktl).

® Primary Networke] <Xx3= 153kbpsE A}E3}1L Secondary Networke £E&
76.8kbpsE A}-g-3c).

® Holg HEE 1MHE dolg BHEE Al430) B|E T4 start 1¥]E, Data bit

8bit, Address/Data bit 1bit, stop bit 1bit, & 118]|E & 3}} 2] character’} T4 €t}

VHYE 4
® CPUY UHHYHE:E tgd 22 g AE3h
- Serial PortRlE HE
-  External0 QJE{HE
- Externall QIE|H E
- Timer0 JJE|HE

- Timerl QEHHE

AHYES $HEAE o3 2ol AAH
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® Serial Port QJE]HE(0 Level)
® Timer0 QJEHE(1 Level)

® Ext0, Ext12E]H E(2 Level)
® Timerl QJE]HE((3 Level)

99 JEHHE SHEANM 0 Levelo] $-AEA7F 7HE 3, 3 Levelo] 71 Hot.

Timerd A
Timer0%= Local Timer(Slave Nco] Token X 2] A]), Timerl& 1/24 #® & Global TimerZ A}-&
(Real Timer Clock, F712 < &APA F71AS A8 AT
® Global TimerE Al-£3lE Timerd &

- Real Time Clock(1%)

- F71% Telemetry SamplingF=7] Timer(1/83)

-  XOFF* 8 Timer(33%)

- Slave NC9] A€lA|= 7] Timer(103%, NC1 Only)

- Token Tabled] SZHA & NCe AegA=A 7] Timer(3&)

Local TimerE A}£3}+ Timerdr4:

® Slave NC¢] Token3=2l Al Token& 473}

i

A}17+& Count3}l= Timer(6ms)

Baudrate 4 A

® CPU Serial Port9] Baudrate GeneratorTimer2& A}-£3tt}.

MainClk

32 x bps
-  RCAP2H(Timer2 Constant Register High)

TimeConst = 0x10000 —

- RCAP2L(Timer2 Constant Register Low)
RCAP2H= 9]¢] 2| A A4td TimeConstant®] 72<] vlolE
RCAP2L= $]9] F2]o| A AAt" TimeConstant2] 3t9 HpolE

SCC(8530)

NC¢] Subsystemol] A A}-g-2 SCCE Z85C30 SCCE A}-&3ic).
SCCe dA4e g
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Data bit : 8bit

Stop bit : 1bit, Y} 2bit

Parity bit : None

Baudrate : 1200bps ~ 19200bps

SEEE
® SCCl1Y SIHYEE CPUY Ext0YEHEEZE A}&3}1, SCC29 QIHHEES CPU¢}
ExtIQEH P EE A3}

® MuxdAHNCI1 Only)
- 10x < NCI1Y AY 19 MuxE Umbilical2 A A€ 8%, UmbilicalZ 10
% ool fEF Packeto] FAHW, MuxE UmbilicalZ2 3733t3, FET
Packeto] FAIHx] gkoW, RFAEE Mux/} 23 €t}
® TBPAHA
- TBP¥ Destination AddressE Umbilical Port® 3lal F7)= 4x%9 F7|2 AA
&3 AdL Telemetry®) AnalogH Dighl ZE A'd2 Samplingsl e 448
t}.

Netowrk B &

o] REJ A Networkd E35ld 4419 do]E] & Network InterruptE E 3} Network Rx
Queueol] AA3 o] Queued] HFH HolHE 71AH9 FrameS UEA HIstxn
Networke. 2 A% 8 Ho]E]E Network Tx Queued] #A3}9] interruptF ¥l oA Network 2
2 Agste 715 S FAIY Network BEL2 AJEHE M $9, A FrameX 3 F
€]

=y
2, A FrameX 2| FE 08 3/ 3719 FHoz F4Hh

o AHHE Ae T4
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® Network 2.2 421 % Framexd F¢
2 x

® Network® 2 A% Frame? A7 F1

Hlolg X

MY RES 757 A3 2ad doly FEE GeR 2k

® Network2 E3la] £41% l°l H 2448 Queue, A3 HOlEHE AFE Queue

-  Tx/Rx Queue?] Data Type< unsigned char
- Queue Size= 1024
- Circular Queuet 3
® QueueE Handling?d} 7] 9|3+ Queue Pointerg
- Head, Taill, Tail27} € Q
- Queue Pointer5- 2] Data Type-2 unsigned int
® Queued] &L oo} o] i

& Systemol = £A183 A8 QueneE 4 AL 2709 FEE AR 2L
¥ Queue?] =A7]E 10240]3, Queue®] pointer= Head, Taill3} Tail2 370 & A&

3tv] Headol A Taill7hxle $Alolt}  FA4E Frameol AFHo =
Taillth &5 Tail27t X & 541 £9¢) Frameoly $418  Frameg Queued]
AE T dolee 98 ofn g

Head

Empty Area

Complete Frame Area

m Incomplete Frame Area

e

23 3-93 Network Queuet=

FAEHE dHolg &4 FHE YeEtlE Flag
o] Flagt Ready, Open®] F71A] AEjE 7R &= #Hgo|t}.

- 166 ~

H-o] L,

il



JgPE e ME Networkold F418 HolElEL Rx Queued) AF33 Tx Queued] YT
diolE] &L Networke E 43k}

Networkol| A= olgj ¢} a4 e] HolEEo] &/FaldT

HADDR | FSTA | DA SA ET INFO CRC-16 FEND
ibyte lbyte | Zbyte | 2byte byte | 0~128byte OI&F | HIGH | LOW | ibyte

¥ 3-1 Network JEHE FHojA AGHE T I4

JEEE F¥F Network &8 419 Framex 2 F9o] t]d Flow charte ot 23 Zoh

Interrupt Routine
(8751 Serial) EJ18 2EI0IA
AxNetSeq&t il = Ready 2
ZT2 0l AIRECH

A 4
Rl ? no ¢
§>
Nno

‘ RI €0
data € Read SBUF

!

data = FrameA} £ 2

yes

tail2 € taill RxNetSeq =
netQueuefheadl € data
RAxNetSeq€Open

—Fim 27
data=Frm & 7 Get data fromTxQueue|

and Send to Network

tail1 €tail2
netQueue[head] €data
RxNetSeq€Ready

l hetqueuehead] € dat

A

Y

— RlorTI?

@“l

a3 1 Network JJEHE AHZFH &

=
A €8 B A JAHFESL LAYsHE of o} Zho] At
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AA £AE B 9A AHHJES} HAsHE ofef o} Zo] A2 gt

D QJE ¥ EJ Rx Int2 A Tx IntQ A S #F g}, gheko] Rx Into]d 2)2 ofyx
Tx Into]d 8)& o olHH F=

2) Cpu A HH 2R HolgE 9]t Data’} Frame®] A AR E
g gt A Fol ™ 3)otyd 5)

3) WA Queue?) tail2 XU E 9} taillIEJEE XA} 222 ¢lo] Ho|HE
Rx Queueo] AA3}iL(tail2Z7}) FrameB A S 913 FlagE Opnel &
AR

4) T JHYE flagE <18} Rx flagy} Tx flag7}t SetH RAEAE FA I

5) Frame”3A& $1¢ FalgZ} Open¢l A& #8384 Openc]d 6)old T &

6) dlol8E vl 3t Frame? EUAE BEste] | 7) okd dv|o]BE Rx
Queued] #73sti(tail2F7hH H=

7) taill tail2e] Y473, Ho|HE Rx Queued] AZ31 Frame A4S 9%
FlagZ Ready® AA33 $31

8) TxQueue’} EmptydAE ¥3, Empty”Zt ot ™ Hlo|H & AFslaud)=,
Empty°] $&

Network © 2 $A1E Framex g ¥l

FEL& NC £ZE o8 MainFe] FHM ST
Felo] &5 WA Network Rx Queuec]] 2l

Ae AE AIstd o Ao 2o dolgdx
3l FrameS A2tz glod Mangs2 o

A ¥ Framed DAES H I Subsystem® 2 7}obdt Frame¢lx] NCx}Al9] FrameQlAE
3tet. 18} A] Frameo] Subsystem® 2 A 45 0]okd Frameo]ld SendFrame()E+E &
3lo] Subsystem 2 EE FrameS A g3t} Frameo] =32 X7} NCA419]|H ProtocolProc()E
343}l Protocol 252 Frameg #9239 Protocol A& F3 3}
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obg] 18& Network®. ZXE] A1 Framex] g F¥lo] th3t Flow Charto]t}.

Network Frame X2l
( =1=] )
Interrupt RxNetQueue \
routine

Queue Empty ?

yes*

Get character from
RxNetQueue

v

Make frame 2El

A =My address,
O0x00FF,0x007F

S 3

no

no

A
yeSl InvailAddress++

Channel Number™~_Y&S

=1,2,3,4,0xF ?

A

no¢ Subsystem2 & Frame
385
yes
Y
nOl Token Mel L&

Frame Protocol X 2]

)
<

A

END

1% 3-95 Network 2 2 F21¥ frameX 2] $8 S &%

Network2 & A% 8 FrameA g 8

o] 2E81& NetworkZE0] o}d ThE EEo)A A2® Frameg NetworkoZ HEdHE 7]
€ F£Y3t G REEAN B PFrameo] AEHW o] Framed CRCE AAHsHo

F7}8t3L Escape®AHE F718til FENDEALE A$E dlolele] A3 g F7lst &

=
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A2} NC9 Network AddressE® WA Bulx, Uux doleles AEHE FEo TxAHY

E% B3 A5BTt

il

Token E&

o] BEoA = NC Networko] A AF&5E Tokend £83tE 7% S F33:s REOIT
Token$ 842418 Token Bus®d o2 ££5m, NClo] Token Mastero] . NC2,3,4,5,67}
Slaveo] t}.

Token Process : Msater

Tokeng &4 o2 Slave® R UlF TokenS B3-S w Tokend A} ZAA 3T} Tokend
#e3tE Master=Tokend HWl $A& SAAZHEE 71tk S A2k ko] Token
S FAEA] ZsE 2 NCE Tokeng #H43c).Tokeno] A% 44+ NC2, NCI1, NC3,
NC1, NC4, NC1, NC5, NC1¢] 44 o]t} NCl(Master)7} Token?] 50%Z }x|3}A €t} o}

g ake
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Token Master$-&°l t3t Flow charto]t}.

Token Manage

Process
(Master)

Send Token
to NC++

Set TokenReceiveTimer

ckenReceiveTimer
<I1E

Check Receive Token

no
Receive Token ?

yes

A

TokenReceiveTimer
clear

1Y 3-96 Token Master7| 5 ZE &
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Token Process : Slave

NetworkS- F3)A TokenS GA13tH R dHolel7} 9o, Framed A$sta Bd d
°oJEl7} ¢lo Tokend 6msihH3ti 6ms7t AFsHE e dch 1709 Framed 43t
Tokeng Master® 2|13t A4 o] FrameL tg Tokend=Al Aol A &3}, Token

slaveg g9 w3 Flow Chart:e t}&9] 23} )

Token Process
(Slave)

h 4

Start TokenTimer

\A
TokenTimer no
< 6ms .
Y
yes Retrun Token
to Master
Exist y
Send Data ?
Clear
yesl TokenTimer
Send One Frame
to Network
END

1% 3-97 Token Slave$-£o 3l 32

Subsystem 2 &

o] REFoME SubsystemoA] FAlE ©o]E}E Subsystem Interrupt g FE A
Subsystem RxQueuel ~ RxQueue4o] HIO|E]E A A3} o]Queued] AHZE dlo]HE d]

HE 7149 Frameg 53 Framex ]33 Subsystemo.E A4 ©Hjo]e| S Subsystem
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PN
T

o

Tx Queueo] A3l InterruptT el S E3}o] Subsysteme 2 HolE & AF3te 7%
3 ghet.

- Subsystem %4l QIEHE FE

—{ﬂl

H—
- Subsystem ©. 2 A1® FrameA 2] ¥

- Subsystem© 2 A 43 Frame?] Xg ¥

Yoy 7=

YEY RES T3 98 2ad dolg vx& ved 20
® SubsystemZES T3] $AT HOHEAZT Quene,FAE HOHE AZEY
Queue
- Tx/Rx Queue?] Data Type unsigned char
- Queue Sizet 512

- Circular Queue 7+

® QueueE Handlingd}”7]$] gk Queue Pointers

- Head, Taill, Tail27} Z &

- Queue PointerE 2] Data Type2 unsigned int

- Queued] &2 ofge} o] i}
3 SystemolE $A83 FAEL QueweE: ZZ AN 249 FERE M2 e
Queued] FA7]E 512013, Queued] pointers Head, Taill®} Tail2 37§18 A}-837 Headol
A TaillZhA = 4A1olth 42418 Frameo] AAE o] e REolx, Taillth&¥-E Tail27t
AE 4 F2 Frameo|t} 4413 Frameg Queued] B v T dlolH 498 9

W) g},

Head —

Empty Area

Taill
Tail2

Complete Frame Area

%////% Incomplete Frame Area

233 3-98 Subsystem -2 Queue +2
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Subsystem 41 SIHYHPE FEl

JEIFE FRAJNE Subsystemo ZHE|SAE BloJEEL Rx Queued] AAZs: Tx
Queued] $l& HIo|E]E-& Subsystemo 2 W43k}

Interruptoll M= oo} Z&aA ) doEBo] d/AAT

FEND DA SA FT INFO CCITT 16 FEND
1byte 2byte 2byte 1byte 0~128byte HIGH | LOW 1byte
o] A+

¥ 3-47 SubsystemZ Al SJIEHE FE A AL 5 E Framed 2

Frame 41| QI HYE FEl At Flagil+E ALE-3t Framed] A&7} #, Information
fileds& T3t

©] Flag: Ready, Open, Info, Closing®] 4712 A& 7[R & W$o|th

o] ¥i4~9] Status DiagramS o}efo] 193 Zt}

FENDJ} OtLied

FEND2} oL

if Queue Full

if Queue Full

1% 3-99 Subsystem Framex] @] ¢l o3t Ae)=

- 174 -



olg] 1P Interrupt A& F¥ ¢ Flow chartE eldc)

Interrupt Routine
Z8530 int)

ip € Read Interrupt source

RBxSeqZ=z 1 ¥
Al ZHel & D|2tReady

[data < Read rx bufferl
w £8
v

Tx Interrupt Enable

|p<-Tx
= ?
ata = XOFF *
ITx Interrupt dlsat;al

yes

<]

=
yes Get data from Tx Queue |¢
ta = OxCo 7>2E8 : and Send to Network
ata = Ux /
n

tail2 € taill, RxSeq<info
Queueltail?] €data
I ]

taill <tail2 YeS+
RxSeqg<€Closing [ RAxSeq<-Open |

RxSeq<¢Ready

Y 4 y A 4 Y y

p=Rxorip=Tx?

18 3-100 SubsystemQIEHHE A7 ZE=
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Subsystem 2 2 218 FrameA 2] 8

o] #EI2 NC £2XZE4 o9 MainF 9 FHA sE&H}.

o] #¥lo] &= WA Subsystem Rx Queued] QJE|HEFHE 53t AAHE Frameo]
AE ANE A3ty gow 9o 1P do]e oA Headerst CRCE A =23}l Frames
/33t Frameg A gt}

M E Framel DAE B Subsystem®. 2 7}okd Frame¢lx} NCxFAQ Frame(lA & #
3tt}. 1A Frameo] 2 NCo| 9 t}Z Subsystem© 2 A4 Eo]ofd Frameo]d
SendFrame()¥t4~8 3%3l9] Subsystem 2 EZ Frame2 HAE3d 1 Framed A7}
Networko] ¥ SendNetFrame()&4 & 3 %3l Network® Frame2 W R it} Frameo] &7
A7} NCA}2lo]¥ ProtocolProc()& 5 &35}e] Protocol ®E 2 Frame& A 93}9] Protocol A

98 s9%t.
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o] Zelxa) o] th3 Flow chart:= o}zje} 183} 24

Interrupt
routine

@bsystem Frame ﬂ?
=

no

Queue Empty ?

ye¢

Get character from
Rx Queue

v

Make frame Z&!

v

DA =My address,
xO0FF,0x007F 2

Channel Number
=1,2,3,47

no¢

no

!

Network 22 Frame
&85

S

Subsystemll Frame
&85

Frame Protocol X2l

13 3-101 SubsystemO F

Subsystem2 2 4% Framed] Az $3

o] ZElL FrameS Subsystemo 2 HA43E 7]
Frame& CRCE A4t 371811 Escapei- X

A= Bo] F7bske] JEPE FH TxAE

- 177 -

A% Framex 2]

=R

=2
=]

3 4
AF

A
g Af

31 FENDEAZ

\_.

= Frameo] G EH 9]
@ dolge



Telemetry 5L 5

o] REAE NCol d4% AIdE9 TelemetryE 83 E 715 S ¥3ste ZE0|th
Telemetry3t& F712 02 FRH, oA 54 Add &) vFrdes ge 83T
% 9t} F7]3 9 Telemetrygtel ™3k Sampling®] F71& 1/8, 1/4, 1/2, 1, 2, 4, 8, 16&
9 e #7185 Adgste] AY@ F712 Sampling@F Yok F714 A TelemetryE &
£317) 98t o} wlolg Fx9] Telemetry #2| Tableo] 2 7€t}
Telemetry X 2] & 913+ dlol8 F2E ofejel 72 F49] Tabled A&
struct TeleTable{
uchar use;
uchar RT;
uchar TimeSet;
uchar TimeFlag;
uchar len;
uintl6 RA;
uchar FC;
uchar Table[45];
35
7 Wso] g 4We obdgt gk
® use : ©] Telemetry tableo] Telemetry3=3< 98] ALEF<S1X) olUXE YEHUE
AF2 A useF7h 00] ofH® ALg-Fo| 0o]d AHE-EH A =t
RT: Sampling71& Uehich(1/89) w52 44 9eh)
® TimeSet : ©] ¥W4E A Telemetry TableZ} AM-g3 o) H(use!=0), 1/8%0] 18 Z7}
slod RTg T vliLsle] RTFHBET AAL 2oW TelemetryESamplingg . A
A2 Tabled)] )3t 2] Timer7]| < 1 Y+ WSolt}
® TimeFlag : RTZ3} TimeSet'd4=3ko] ¥l = o] TimeSetgto] RTEET ALY 22
H o] FlagZ} Set®lth. 2 A Telemetry Samplinge 23l oA & o] Flag
Rt B 314 Sampling¥z] A E AA T
® len : 3 E Telemetry 9 /M4E Uehl= dH5ol.
® RA : A H TelemetryE A4 sokd Return AddressE A3l W0t
® FC : TelemetryE 3 dunic} 14 F718E #igo|.

l
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® Table[45] : ©] array: A A Channel®] W E7} 903l amayolth
® Teclemetry A 2o )& Flow Chart: o}gle] 13 2t}

Telemetry Process

Command2 W M Telemetry Corgm%and
channel} Telemetry Read
A2t 43
) no
TImReadTime no |
= checkTime++
yes

(oo )
Read Telemetry

v

Send Telemetry
checkTime € 0O

13 3-102 Telemetryx 8] &%

Protocol A 8] &

o] g NC SubsystemZtol] Aol Protcole AHzl3le EEolth.
NC Subsystem?} Protocolol th3dt Ao} Information A% 2] Frame Typed <o H&& F&E

7] g

- 179 -



UP Link Processor S/W

UP Frame 7%

UPZZgole] o 7HA4FQ8% 7% A4=3 NC1e FAE AFsts e F
3

Frame9] F4171%<& @334

A A= Uplink Processor, Uplink Processor NC13}¢] E21-2 $3 ProtocolAlF TE£+
& 393 2o

Frame Encode/Decode Frame A&
FEND+(Frame)+FEND A AF
DUART PHY A =
i |
R &= NC1

19 3-52 Uplink Processor®] AlET+%

Frame A%

Frame 7| o] A& $4) Frames] ti3te] CCITT 16 CRCE AlAtsto]
A& #7489, 440 Frameo| thstod® CRC 16 $3o] Brror® 7 &8h3, Escape® 7
2 AAste] Frames A4 #o}.

Frame7 3ol A A28} Packete] el ofd] g3} 2t

7183l Escape®

DA SA FT INFO(escapei A} 7+ CRC 16
F74d Info  field)
2byte | 2byte | 1byte 0~128byteo] A HIGH | LOW

¥ 3-49 Uplink Processor®] Frame#| & X7 3 2]

Note. FrameA] 3 oA A}8-5 = CRCALHE 22 th&3 2.
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const uint16 crctable[256] = {
0x0000,0x1021,0x2042,0x3063,0x4084,0x50A5,0x60C6,0x70E7,0x8108,0x9129,
0xA14A,0xB16B,0xC18C,0xD1AD,0xE1CE,0xF1EF,0x1231,0x0210,0x3273,0x2252,
0x52B5,0x4294,0x72F7,0x62D6,0x9339,0x8318,0xB37B,0xA35A,0xD3BD,0xC39C,
OxF3FF,0xE3DE,0x2462,0x3443,0x0420,0x1401,0x64E6,0x74C7,0x44A4,0x5485,
0xAB6A,0xB54B,0x8528,0x9509,0xESEE,0xF5CF,0xC5AC,0xD58D,0x3653,0x2672,
0x1611,0x0630,0x76D7,0x66F6,0x5695,0x46B4,0xB75B,0xA77A,0x9719,0x8738,
OxF7DF,0xE7FE,0xD79D,0xC7BC,0x48C4,0x58E5,0x6886,0x78A7,0x0840,0x1861,
0x2802,0x3823,0xCICC,0xDIED,0xE98E,0xF9AF,0x8948,0x9969,0xA90A,0xB92B,
0x5AF5,0x4AD4,0x7AB7,0x6A96,0x1A71,0x0A50,0x3A33,0x2A12,0xDBFD,0xCBDC,
OxFBBF,0xEB9E,0x9B79,0x8B58,0xBB3B,0xAB1A,0x6CA6,0x7C87,0x4CE4,0x5CC5,
0x2C22,0x3C03,0x0C60,0x1C41,0xEDAE,0xFD8F,0xCDEC,0xDDCD,0xAD2A,0xBD0B,
0x8D68,0x9D49,0x7E97,0x6EB6,0x5ED5,0x4EF4,0x3E13,0x2E32,0x1E51,0x0E70,
OxFF9F,0xEFBE,0xDFDD,0xCFFC,0xBF 1B,0xAF3A,0x9F59,0x8F78,0x9188,0x81A9,
0xB1CA,0xA1EB,0xD10C,0xC12D,0xF14E,0xE16F,0x1080,0x00A1,0x30C2,0x20E3,
0x5004,0x4025,0x7046,0x6067,0x83B9,0x9398,0xA3FB,0xB3DA,0xC33D,0xD31C,
0xE37F,0xF35E,0x02B1,0x1290,0x22F 3,0x32D2,0x4235,0x5214,0x6277,0x7256,
0xB5EA,0xA5CB,0x95A8,0x8589,0xF56E,0xE54F,0xD52C,0xC50D,0x34E2,0x24C3,
0x14A0,0x0481,0x7466,0x6447,0x5424,0x4405,0xA7DB,0xB7FA,0x8799,0x97B8,
OxE75F,0xF77E,0xC71D,0xD73C,0x26D3,0x36F2,0x0691,0x16B0,0x6657,0x7676,
0x4615,0x5634,0xD94C,0xC96D,0xF9I0E,0xE92F,0x99C8,0x89E9,0xB98A,0xA9AB,
0x5844,0x4865,0x7806,0x6827,0x18C0,0x08E1,0x3882,0x28A3,0xCB7D,0xDB5C,
0OxEB3F,0xFB1E,0x8BF9,0x9BD8,0xABBB,0xBB9A,0x4A75,0x5A54,0x6A37,0x7A16,
Ox0AF1,0x1AD0,0x2AB3,0x3A92,0xFD2E,0xEDOF,0xDD6C,0xCD4D,0xBDAA,0xADS8B,
0xSDE8,0x8DC9,0x7C26,0x6C07,0x5C64,0x4C45,0x3CA2,0x2C83,0x1CEQ,0x0CC1,
OxEF1F,0xFF3E,0xCF5D,0xDF7C,0xAF9B,0xBFBA,0x8FD9,0x9FF8,0x6E17,0x7E36,
0x4E55,0x5E74,0x2E93,0x3EB2,0x0ED 1,0x1EF0};

#define ComputeCRC(crc16,data) ((crcl6 << 8) ~ crctable[(crcl6 >> 8) ~ datal)

EA1 A% 2] Subsystem¥F-5L FrameZA & 4] TrE0]A Frameol] FEND(0xCO0)E FrameA} %
I} g Frtsle] ofef 199 FAAZF2 Frames A7)

FEND DA SA FT INFO CRC 16 FEND
1byte 2byte | 2byte | 1byte 0~128byteo] A+ | HIGH | LOW 1byte
A =7 N A =75
1H;:1 dlr FrameA] &} A A 5 Frame 1 :I‘I;il}

¥ 3-50 ZAA S Frame 3+%
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$48 FrameSE PHYAZS Ed9 H487 93kl Tx Quewed] AF€ch Flow

control®] ZEE = o}z 1¥3 2o

PHYA S
R} Af= Uplink Processor, Uplink Processor NCZFe ddjd2 A= glx UARTHHA]
0.2 EASn £E3= 1200bps<}9600bpsd L2 TFA A}

UP2ZESo] 78

AN AFF UPY 715S WEHY) A UPAZES e FREE oty 1Y 2
o},

Subsystem S4&!

BPE
RxPacketProc() A lSendFrame()
I 1t 1 1" T 1 l CT 11 1 11T 11 1
| I D A A AN W N | 1T 7T 1T 11 & 1.
| N I OO N N N N | ALH C1TT I T 1T 1T I T I lJ»U
T RxQ1~RxQ4 l TXQ1~TxQ4
(22t 512byte) (2t2t512byte)
Subsystme ISR(Rx) Subsystem ISR(Tx)
Subsystem ISR

1% 3-107 Uplink Processor AXEgo] X%

SubsystemEEZ % FAHO YT RESE A9ty Ao WA 99 REESO AYE &
57] 913 UP &£ZEgo] 4L FASHE UP st=9jof 84 A4 %713 F9 dist
o 3.

UPAZES o] 27)5 9 B34 $9

AGMFE 27]5% UPAZES A A8 CPUS 87, SCCY 87, Telemetry®) 27
¢ 43%e 2ElY
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87C51CPU

Serial Portd 3
® CPUY Serial Port=x4% UP, UP NCHEAS 9atel AgHt)
® Baudrate Generator2 Timer2& A}-g-3Hc}
® £ 1200bpsE AME-S}.

JHPE 44
e CPUY QEPEE TEH 2E AL AL UTh
- Serial PortQlE] HE
- External0 QI EHE
- Externall QIE|HE = AFE3HA] gt}
- Timer0 IHHE

- Timerl QIE]|AEE A &3}X g&=1).

AHAES] $HEE 83} 2ol AFaAT.
Serial Port Q1E]H E(0 Level)

Timer0 A€ HE(1 Level)

Ext0, Ext1 ] 3 E(2 Level)

Timerl € H E(3 Level)

A9 AHYE $HEANA 0 Levelo] L2907 43 23, 3 Levelo] 744 Bt

Timerd 3
Timer0= 1/24 %2 Global Timer2 A}£(Real Timer Clock, 7132 ZA] F71AAES
A8 AH&)T
® Global Timer& AM8-3t< TimerdTE
~ Real Time Clock(1%)
- F713 UP Reset(3%)
Baudrate 473
® CPU Serial Porte] Baudrate GeneratorTimer2E A}-83lt}.

MainClk

TimeConst = 0x10000 —
32 x bps
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- RCAP2H(Timer2 Constant Register High)

-  RCAP2L(Timer2 Constant Register Low)
RCAP2H= §19] 2o X A TimeConstant®] 79 HIolE
RCAP2L= 99| =2l A AX® TimeConstant®] 8+91 vlolE

SCC(8530)

UP®] Subsystemoll X} A}-88 SCCE Z85C30 SCCE AH&-dtt.
SCCel 43L& o5 &t

Data bit : 8bit

Stop bit : 1bit, Y 2bit

Parity bit : None

Baudrate : 1200bps , 9600bps

JHHEE
SCCe} JHYE CPUY ExtOJUEHEE A&t

CEE

& o} vxg %7]3(8K byte)

o AgUs 275

Subsystem &

o] EEAXE SubsystemollA] FAE HoJE|E Subsystem Interrupt 2] FEIA
Subsystem RxQueue0 ~ RxQueue2d] H|o]E|E AA32 o]Queueo] AAE HolEHE dHo]
HE 7149 FramesS w531 Framex] 2]3}3L Subsystemo 2 A$d HolHE Subsystem
Tx Queues] #3}e] Interrupt$EE E3}o] Subsystemo 2 Glo|HE ASdE 75L&
3.

1. Subsystem B4 JEHHPE F¢

2. Subsystem 2.2 219 FrameA d ¥
3. Subsystem22 A4 Framed] A2 F€

dlolE 72
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JEY mES FAs A8 Qs dolg TxE LT 2.
® SubsystemEES F3te] £ HOlEHEAZE Queve,FAE FlJHE AT
Queue
- Tx/Rx Queue?] Data Type2 unsigned char
- Queue Size:™ 512

- Circular QueueT3%

® QueueE Handlingd}7} 9} 3 Queue Pointers
- Head, Taill, Tail27} 28
- Queue PointerE ¢} Data Type unsigned int
- Queue®] 82 ofg s}t Zo] gt
g Systemolle $AEF FAE QueveE A ALY 29 FRE MR Zod
Queue®] =7)¥ 5120]51, Queue?] pointer:= Head, Taill3} Tail2 37§ E A}E-3l7 Headol

A Tailll7ZAA = $20lu  FA1E Frameo] AR o] Q& HEolx, TaillthS5E Tail27}
A= FA 9 Frameolt} £A18  Frame Queued] B3 Y ¢ dlolge 9 9
=i
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¥hHh MMS H/W % S/W

@ MMS H/W 7} 8

MMS% Point Obseration, Sky Survey, Day air-glow and Night air-glow {45& F33t<=
FIMSS} Aurora Observation 45§ <88t SST, ESA, LPe] -F %3 gAjA #7444
Elojg dolH& £33 DCS GAAMZRE HoeE Lo} th&F dEd A
Ao @30l 918 ul X-Band Transmitter( PDTX )& F39 AGF22 A

ol
T
-
e

o
ot
R
i

AdRrE $33c. MMSE Duty Cycled 100%°]5 OBC%:= NC4E F3H9
RS-232 A& EA( 9.6Kbps, 5V ) WAooz EANL o} dolgFo] BL 5343 @A
A= Direct 2)'d( Sync Serial, 200Kbps )& A}&39 ©lo]g o] 22 DCSE NC4d] 942
H RS-232 AE EAF<( 9.6Kbps, 5V )& E3)A HolEE F4l%t. MMSI> SDRAM

o
_QL
rir

2Gbitso] ™ MMS23= SDRAM 1Gbits, SRAM 1Gbits2 Z+z} & 2Gbitse] w22 271§ 7}
A3 gt o)A dE olfiE SDRAMO] $Fgo] oflyn £ 94AA AH8d B3
o] glem2 ZAZE SDRAMY| EA7} @HA=|™ SRAM 1Gbits¥to 2 MMSE F24]7
70 iAot o)A AFR FAA wlelE SEU( Single Event Upset )} 4 #d
S ¥3 314:2] Downlink Alo] oj&]7F A & & QOoBEE AZEYO Reed-Solomon

=(207, 187 )2 J2E 57 5 I=EF 3o

@ %
Item Specification Requirement No.
Dimension MMS1: 340mm * 180mm * 30mm
i MMST1 : 1,210g ( including Box & Screen )
Weight .
MMS?2 : 1,430g ( including Box & Screen )
CPU MPC860 ( Atmel )
Clock 20 MHz ( Main ), 3.2 MHz (Downlink)
Power MMS1 : 4.0W ~4.5W(28V ->5V)
Consumption MMS2 : 5.0W ~ 5.5W(28V ->5V)

EPROM( 4Mbits ) : 27C040

SRAM( 4 Mbits ) : with H/W EDAC
MMS1 : SDRAM( 2 Gbits )

Program Memory

Mass Memory . . CD03800
MMS?2 : SDRAM( 1 Gbits ), SRAM( 1 Gbits)
DCS : RS232 9.5Kbps, 5V CD04000
Payload Data Rx
SSP : Sync. Serial 200Kbs CD04100
Payload Data Tx 3.2 MHz QPSK via X-Band CD04000

E 3-51 : MMS A%
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® +x

MMS$} 1 ¥ 25 9] Block Diagram 19 13} Zronf 2 A9 FE-2 FPGAd)
oA T3 E BHolt} MMSE MPC860S = T2 A A2 3tv] =213 w2 (H/WEDAC
Process 23 )9} &9 =7)E 4Mbitso] t}. B A Aol A 2= ©]©| B = Serial to Parallel Converter
o} FPGA 2 3-& A}-4-3} < 8bits FIFOo| A %5 1] CPUV} FIFOE g0 A Ul &3 v 2 ZE
A3t} PDTXZ Hlo] B & A4 wo] = CPU/ th& vl = oA dH o8& 2ol FIFO
o] Yol F & FPGAd| 78 H 240N FIFOY] o] & gl=th. o] dlo]& &= QPSKe] 1&Q H
o]E] 2 1} Foj Scrambling 34L& A XA PDTXZE A49A 9o &F =2 ZE(AA
Azt AF ) L H o] FAH Yt MMSIL 64Mbits SDRAM 1679} 71} 228 A&
3he} WHE 1Gbits®) WIEE] BEL 2202 ol HEWEL EE 1S AH§ ko] 2Gbits?)
v 22 & FAs 3 vt MMS2E SRAM 2 E ¥ SDRAM 2= Uror] glen &3t 2
o] 74 = o} 9lt}. SRAM 5 &2 8Mbits SRAM 167} ¢} 71 €f 22 & A &3] vt w2 &5
S 4Z202 Hopa TWE BE 24S A&t 1GbitsE T4 3t SDRAM EE-L 256Mbits

SDRAM 4711—3— ALg-35te] 1GbitsE FAE 2 Yth ol2A AUlF oz IS Bl AA =
SRAM EE& A48 o] & Aol A 213 AHEH &= 256Mbits SDRAM Wl 28] & AH T
7] W F ol
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A

Serial:to-Parallel: Conv.
Sdx4)

e« : 32Bit “Parallél to Serial Cov.
)y : GBIt - (F&Q Generator )
—>» : 1Bit ¢ ¢
Scrambling
(x2) 500

\
[:]:FPGA

a9 3-109 : MMS AT

@ ¢]%-9}o] Interface

1Y 20 MMS$} 2] - 91¢] InterfaceS YEMUI 91 TE MMSE SPRoA] 28VE 1o 1] NC4o| A
Reset-& ¢} Telecommand 17}, &%= A A 7+X] 8- ¢] Analog Telemetry 17}, Status PointE L} 7)
#13 Digital Telemetry 478 w2 OBCS9] £X3 DCSE R E 9 dlojg] FA& 934
RS-232 A& FA( 9.6Kbps, 5V ) 22lo] 142 gt dolEFo] B $-Fa3 gAA)
o] dolHE F£A37] A 3709 Direct A'd( Sync Serial 200Kbps, Clock, Data, Strobe
)ol dth. PDTXZ 9] Hojg A+ QPSKY) I&Q © o8 & Differential2 2 it}
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- ‘ >
-

% 3-110 : MMS9] 9% Interface

® d=z 90

MMSe] w2z e 19 3349} o}t =2 19 vz d e 3 ROMo] Z}z} 4Mbitso| B T2 71
vl 2 2] = 3} = 9)) o] EDAC(Error Detection and Correction) £ 2] . 2 B % 9t} FIFOE o] &3

Ztzke] GAA wlolg 44 € PDTXE 53 5418 9314 1Byter} &3] ot t-&-F o

22 MMS19] 799 64Mbits SDRAM 47 & 1 Bank( 256Mbits )2 3t % 8711 2] Bank7}

e MMS2¢] 73 ¢-ol & SRAM 2 & 7 SDRAM R EZ }FolA 3t SRAM 25L& ¥ 27}

ZM 5E 3t} 8Mbits * 4 * 82 1Bank( 256Mbits )2 8o} & 271 ¢] Bank7} 9l t}. SDRAM =

& 2256Mbits * 42] 1GbitsE FAH o] Ut} z17}te] Banke] A A =g o] ol=g e oy

CPU Ul 5o 1= 10 PortZ BankE W3 x| A S}
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ROM Area
{ 4 Mbits )

Mass Memory
{ 256 Mbits )
( Total 8 Bank )

Program Memory
( 4 Mbits )

¥ 3-111 : MMSI1

FFFF FFFF

FFF8 0000
FFFO0 0000

9000 000C  LP FIFO Addr { 1 Byte )
9000 0008 ESA FIFO Addr ( 1 Byte)
9000 0004  SST FIFO Addr ( 1 Byte )
9000 0000 FIMS FIFO Addr ( 1 Byte)
8000 0000 TX FIFO Addr ( 1 Byte)
2200 0000

2000 0000

0008 0000

0000 0000

W2a 9
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FFFF FFFF

FFF8 0000
ROM Area
{ 4 Mbits )
FFF0 0000
9000 000C LP FIFO Addr ( 1 Byte )
9000 0008 ESA FIFO Addr ( 1 Byte )
9000 0004 SST FIFO Addr (1 Byte)
9000 0000  FIMS FIFO Addr ( 1 Byte)
8000 0000 TX FIFO Addr ( 1 Byte )
5200 0000
SRAM Module 1
( 190 Mbits )
( Total 2 Bank)
5000 0000
4200 0000
SRAM Module 2
{ 190 Mbits }
( Total 2 Bank )
4000 0000
2800 0000
SDRAM Module
( 1 Gbits)
2000 0000
0008 0000
Program Memory
{ 4 Mbits )
0000 0000

28 3-112 : MMS2 Hlxg 9

® CPU

MMS<9 ZZAA 2 AFEE MPC860-E PowerPC RISC Processor(603e), Memory Controller,
Interrupt Controller, Communication-§ RISC Processor 5& W&3l3i 9l& SOC(System On
Chip) €}¢]¢] ¥t Z2AMolch wetr Fg& A dFol dxe 225 TS
ol "art glow 50MHzolA 52MIPSE] A& Reoln olule] Au] AL 1.3Wojrh
MMSe) A& €7 dA 4MHz 284 FF 3157 UF-9 PLL 232 ©]&3to] 20MHzE
Z 235t ALE 31991 SDRAM Controller, Watchdog Timer, Interrupt( Timer ), /O Ports,

Communication Ports £9] 7] 5E& A&3t}.

- 191 -



(7 Status Point
MMSdll = 524 e & bl 7] 918 Digital Telemetry7} 478 $1th. MMS 9] Operatione]] @244
o5& t}&7 & & vheh v Operation o] B4k F] 00.2 uk#) A Bk

0:5}¢] ON F-9] 7] 3 &

1: 1709 &R A A w08 & FAF
2:2709] FAAAA dolHE FAF
3:370] A A A dlolHE FAF
4:4709) FAANA HOIHE FAUF
s:57he) g A A o E & 4%

6 : ©AA S HolEHE A4=22 Downlink
7: &% v HAE

8 : RS CodeZ Encoding

9 : RS Code?] Decoding( o3| AA )

v 22 SEU &

T2y W2l SEUZES $i3) S 359 A% 8Bite] ©l o] El/4 2 ¥] E(Information
Bit)o] 4Bite] o} ¥ H] E(Redundancy Bit)E A} 3% EDAC €13 F< A8, 8 Bit%
1Bit9) o) 8] & B F(Correction)3} 3 2Bit o 8] &= &%) (Detection)& 4= YAt A 13500 A
e old 87 58 2 FPGAR EDAC ¢x2F 78 A AME 5= 23 4, V0 £E9 &, 183
T8 BRAG 58 13359 (7,4) Hamming CodeE ©]-£3 EDAC ¢ &< A3t
(7,4) Hamming Code= 7Bit 3 4Bite] A X v E 9} 3Bite] & H|EE 7}x 1 §l.ed, 1Bit o &
2 B33ty 2Bit g €A = gleh webd #3394 159 2% o 4Bite] dle|Eluit
1Bit &) & £7& = 9lo}, ol 2] 7 53] $d 35 vl w20 A= P AU
& < gtk THHE EDAC ¢ F S thgo £4 02 4Bite] A X H|EE ©] &3} 3Bite] o

P HEE RETD
R(2) =1(3) + 1(2) + (1)
R(1) = 1(2) + I(1) + 1(0)

R(0) = I(3) + 1(2) + L(0)

e BrE gA AR vES JF HEE o] #3519 o} 9} 22 3Bit9] Syndromes T
g, <E3-3>9] glo] B2 o]-g3q s A N EF AN B g E7E A&
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HESAN TP dejol A& 3] dx, AR s ESCA o7 TSRS W 5
% oto] EDAC 2185 $ FPGAZ TS W AHSHE 22 & NP Ed 7 A=F 3
At

S@)=(1(3)+1(2) +1(1) ) +R(2)
S(D =(I(2) +I(1) +1(0) ) + R(1)
S(0) = (1(3) + I(2) + 1(0) ) + R(0)

Syndrome Error vector o
Digit in error

(2:1:0) I (3:2:1:0) R(2:1:0)

000 0000 000 None
001 0000 001 7
010 0000 010 6
011 0001 000 4
100 0000 100 5
101 1000 000 1
110 0010 000 3
111 0100 000 2

¥ 3-52 (7,4) Hamming Code & 0] &3} o 8] B+

Z2aW Wrae dolHE AFer] 9 voly vRe 9 & vEES A7) HTE
EDAC w282 FA 5ol lon, CPUNA T2 R o] bolg & 7] £ w EDAC &
FPGAO A o] & B|ESE thE o] do[H & dlolg v R of & B EEL EDAC M| &2 9] &
Z& WA (Address)oll A gttt CPUZF 2213 WiR e 27 volH & glo] & = EDAC
FPGAol A d]o] ¥ vl 2] 9} EDAC Wl Z 2o A dlo]El o} & B|EES 27} glojot Aol A
B el wet o2zt A glsta ol gt o 7 8ke] CPUR AF 3ot

sl 2ol A48 dolel 9] o2 H7E P4 CPUZL HlolH & ¢lo) & o o] Folx| L =& A
29 &7+ vlolH 4Bit 1Bittt 771 7hestr] fi i, vl 2] dAA) e Heole 7t 33 &
7 AES 317] AsiME A7 oz A dEag g go] /58 73t oA Ao &
27} 9t (Memory Scrubbing). 28] ¢F oW i} o] AFe] SEUS ¢]3) do] € 4 Bitg 2 Bit
o3 LFP AT 5 QU LRE HETH 5 P& ATl 2R T F 3] WE ol A
MMSe A& v 12 vl A sjzefo] ZA 1Kbyte ¥ T2 w22 E 3 gA] 2& F¢
& = E FE YT
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© &% H=Ee

#9113 oA & of &7 v 2 el 2 SRAMel| ¥l 34 JH =7} vl-¢ &2 SDRAMO] AL 5
Nov] AR A A A ] RES AT wsivh. 2-d Aol A AEH = SDRAME -5
£o] ofym Ao AFEFE o] o= E RedundancyZ A|ZEH = MMS2e| A3
SDRAMe®] EA7} &4 =HUE W SRAM wto 2 52 A ¢ JEF 3. MMSI2
SDRAM  2Gbits(  64Mbits(K4S640832D)*327] ) o}jB MMS2= SDRAM  1Gbits(
256Mbits(K4S560832A)*47] ), SRAM 1Gbits( 8Mbits(K6F8008V2M)*1287] )2 Zzt %
2Gbitse} WRe 2712 74Xz ok MMSIe] 2¢1 SDRAMI MMS2e] 2291 SRAME
2E JHE wEojAA MMSH FF Holx gl G AE "AAe dHolE = SEU(
Single Event Upset )¢} FA4 29 & £3% 149 Downlink Ao dlg]7} & 3nd AX
E ¢ o] Reed-Solomon ZE=( 207, 187 )& A3ty dgjg B3 4+ IES 34y 4
A48 Recd-Solomon Codel= 187u}o|E & 10uko]ES] ofzl& 278 4 310H Burst

Error 21 % 7} 3}t

@ MMS S/W 78

Start

Fx SIEHBEE

- S GIOIE Downlink

- BN GO MY YRS
- FIMStI&2 g ™y

~ LS NI HAS

- MMS 2 E Upload

- B GI0IE OBC M &

EXH Dala
{4l End ?

RS encoding

Encoding
End ?

Decoding

a9 3-113 : MMS S/W Flow Chart
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MMS S/WE 2/ Direct A'd-& $3)4 FIFOZ7IA] Fa9 533t ga49 ol
NC4ol A% RS-232 T4l AdE T34 4" DCSY dolHE A &F w2 A
Fete R8T olgA AFd FAA ©lo]EE Reed-Solomon CodeZ 1 $H(Encoding)st
I F1Hom & HH(Decoding)dts FE 2 AT 2o & o @AA
o] do]E & PDTXE H43dte ¥2% wXgoz OBC%e T o W¥HPo2 Yy
o]7t}. Rx UE|PE] 9% OBCee A& A AT 229 Downlink, A ¢
ol¥] A e B9, FIMS1&2 A9 ¥7, l€F vW=Ee H2E, MMS IZ= Upload, B
A dolele] OBC A% #AY FES AHdrh AFFHo=zE ®oln UdEHPES
E8A 127t} Status Pointo] X & 3T ZR A2 wEbA wio|Fe T2 WE
2]9] Scrubbing ZYE& FrlH oz HPdct AA W&F wEY TS A7) #AA
o FFA ALt @A dlelE e A& £48 RAelxn WY IS A
Je B FAH uto} g3 w2y IS FuE YRR ALE3te] E74A] AA 4
Al AFo 2 HEoldA ojx e HojelE Holae Iz Wyt AgEd.

O A4 volg £
$-F38 @44 "ol MMSE <AIHW FIFO( 4Kbytes )ol &A iz &o|A Hth
utelA FIFOS] Almost Empty Flag7} High7b =@ 4Byte® ¢lojA ol &3 wixele] A%
3 9t} o)w Direct MY 2AF= gSAA 7 47) o]BE % 474 FIFO7} 9
o 4709 FIFOE £AUE ZHAF A HolHE ¢go] oA dtt DCSE NC4o] 944
d A Ade FaA FAET. @A Reed-Solomon ZEE 1878l E 7 20H}o] E 9
7+ F7to] sty XA dlo]E]7} Reed-Solomon ZE=2 W3 HP=A HHUEA
dHFE Flag §02 IBytedir] F 21ulo]E of Fho] Hasdit. wtA
187BytesE& 21 21Bytest ¥l F7to2 F3 I thgo] T 187BytesE 2 FEHIZ d o]

BE AAsA d

£

il

@ Reed-Solomon = 3 Encoding ) ¥ o8 AA( Decoding )

MMSE= gAA7Z}F volelE& RuA gAY AFFo 2 ol g BUA & 1 Alzto|
FA Fr}l o]u] Reed-Solomon T2 W3 o HE AASFE AL 34 " MMS
T "HAAZEE HelHE FA8A HYE &% wWRzd AZss E4A7E o o) %
HolHE HuUx] god x2Z71%] 2L Ho]e]& Reed-Solomon T =2 vzt o] %
del BUd d&F dr2ed JF=Ho Q& volHE ALFLE AEdy] AA A
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A BEdoF at7] WEe 2 Fo AL HolEHE ojA o7t #AY( Single Event
Upset )8 222 11X+ Z( Decoding )& A& 31A "t

® HN&F W= AL

A 2Gbitse] W)-&F vlme T 519 gAAd Zzte] d3FHo glon S/WHoR
474 JFsst o Azkel gAA B Fus FHE Asud. uive 29 594
RE 9} o] 4709 AIAE Xz Yt dolHE AE7] Hel= Start, Stop,
Encode, Decode= 22 $1x|o] A doh HolHE FA35 7] AFsHH Stop YH27F T
7betAl Aok gAML} dolgE o o4 FAsA @A HE & dHolHE dudsty
Reed-Solomon Z=2 vl A v o|nf vlr} Encode 127t F718tA €t o] F¢2
Stop AG2712] A HE WFA Dok 2L Fe AdeE $F BN AR 5
Q& EA( Single Event Up )& fleliL dlolHE AF3A nEV] AsA ozE 44
3= #Y( Decoding )& 37l ®th. o] A% mhR7FA L Starto A Stop7bA] HA HH
Stop7hA] stad Fol thA StartZ FolghA WESA €rh. X44FelA Downlink %
& B Starto] A StopZ7hA 9] dlolE] & PDTXE RUH o] F¢jo] EuHA Start, Encode,
Decodet: Stop X2 wifA = Wl L3 F2& ZIAHNE AXA "o HHE
Ag=og A4y Ao dolgrst dFH wWE FXHETG o] FAHH Stop AYE
e 383 E BobA Start 9X7AA A =9 Startg} ol ojF EEE Start JH =9}
Stopl el 27} Zo] Z7hetA "tk o]2A Hu W Ago] FAY PRE wEPdA A
A=A He

Start

29 3114 : P9
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@ Adxo29 HAA dolE Downlink

A2 dolHE BugtE S OBCYUH NC4E T34 wod oj&F v
A=) g ®lo|EE FIFOo| 2t} oA ¥ FPGAd] Td® =23 <A
PDTXZ QPSK¢] I1&Q HlolE|& A%3tA "o} ojwf FIFOd 2& £x7} =g Ay FIFO
7} Fulle] ElgEd= dolEE AL 274 =HW PDTXZE 7k dolHst $3d #7174
9o} #ld 47} 9low FIFOC Full Flag®} Almost Empty FlagE A3t ojd Ho] &
AHA F=F g

©® OBCst9) FA
gAlA S Hlo]ElE 218t Reed-Solomon ZEZ 2| W3 F o AA o] T2
OBCZHE 2+ AWEeod] osjr Tt

@b gAlA violE Downlink

2P 79 g@AA dolEE PDIXE RuUl: AB2Z 1oz Jehth. OBCAlA
Downlink 3}2h= 4% & MMSZ 2uld o Fag F ¥gthe Ack 9% & OBCE Bl
1Y ¥ PDTXZ ©AA doleE »udth &4 dolHE PDIXE ot Rulnd F=
Downlink Z9< wthe wAxE OBCE RuUi old] g Ack HHE& OBCEHH
ooz o] &g ulxA Hch Downlink 3tE gAML 59 2 W wEsHA 2

CMms >

1. Downlink Start (A0) -

- 2. ACK

- 3. Downlink Finish (A0)

4. ACK

\

29 3-115 : g4 Data Downlink
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@ #AA HolE A AE

gAA dolE 7t MMSe] te%F Wrgoa o= Fitd duly AFEH A d
g ARE ¢ F Qe FHol o] ArE Aoz HAA HoJeE Downlink I =)
ALg-dtt.

C s >

1. MMS Store State Request (A1)

2. MMS Store State Reply (A1)

29 3-116 : §AA dolg AHAZAA

€ FIMS1&2 3d ¥ 7 _

FIMS¢] dlojEl S 7] 93 Direct '@ FIMS1&27F FAlol MMSZE {159 MUXZE
AdHo ek £33 MMS dFME Ad F A FelA NS Aol dted oW
AdeolA dlojeist gEEA ¢ £ glezz B 9giys T3 OBCEEEH old iy A
BE uA "ok

Cmms >

1. FIMS1/2 Alive State (A2)

[
P

. 2. ACK

29 3-117 : FIMS1&2 g ¥ 73

@ o8 = 4548

04% WEz AH45E SDRAME 4%5¢ A@sr] AsiA gPolh. o] AP §
A o= R viney Aol ZREHUEX SEUZF dvit W3] FAJEAE & F
A B
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s >

1. Memory Test Start (A3)

2. ACK

3. Memory Test End (A3}

A

A

6. ACK

\j

a9 3-118 : Q&% ARy 45 AE

MMS & 3= Upload

MMS] Flight SW7h 3% 512 #$ OBCE S84 M2 TASES Wobd RAMO|
A 5 A7IA Hed oo #HE Folch. ojw) MMSe] Hdo] Yrtd RAMe] A%
Ho] 31" ROM ZE=7F flolxA H =2 OBCEYE ThA] ROM ZEE ‘Fopot dth.
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s >

1. Code Uploading Al %

\J

2. ACK

A

3. Header

\J

4. ACK

A

5. Code Data

\J

Code Data

6. EOT

7. ACK or Bitmap

A

if ACK Code Uploading &

if Bitmap Code M &&

8. Code Data

Y

Code Data

EOCT

ACK or Bitmap

A

L ACK

29 3-120 : ROM = = Upload

& FAA oy OBC A%
12 PDTX7 EAgE FR HAS 2 5o] OBCZ HAA dolHE B S-Band
I Ad=oz AFstr] AF FF oo

o]

offl X
f

=
=

= 200 -



s >

o 1. File Save
2. ACK o
3. Header -
e 4, ACK or NACK
___IfNACKOBCZACK®&3 E8
5. Payload Data -
]
)
1]
2
]
t
5. Payload Data -
6. EOT -
L 7. ACK or Bitmap
____________ WACK ___________
H &8 Payload Data Jt 28 go 2.

5. Payload Data -
1]
]
]
'
]
]
5. Payload Data -
6. EOT -

7. ACK or Bitmap

A

ACK

a9 3-122 : &AA dolg OBC A%
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Zh. FAA 2

el

(1) A=de B3

Al A2 QAo RE BUXE 4F B0l T2ad R HAAE BotEoli
AQA Z NxgozRy AAUE dAAAARE, 49 dodH % WAAE AFL=
A FE 4¢ o 53 949 TT&CYIFA YoM FA A2EE T A=
o] Aol BeHolez YA At Aaglel FARAVE AAH o dot. FH5H4
A1zl e $ad 3349 VHF 417] € UHF %S-band $417]9+= EEZ S-band
FAZNIE A Zo| ML APt dFE v

Q) A" 27AR 2 BY
hH BA Al2" QAL

919159 TT&CH) 2olk RF Alade 284 thest 2& 87 A4S BFehd
o} k.

Req't ID Item Description

TTC Communication
TS00100 Svst S-band U/L & D/L , VHF U/L & UHF D/L
ystem ‘

TS00200 |TTC antenna Coverage |Omni-directional

TTC  Uplink/downlink{U/L : S-band , VHF

TS00300 |
signals D/L : S-band , UHF
TTC Uplink  speed, .

TS00400 ) > 9600 bps , 3dB margin at 10E-5 BER
Margin and BER

>33.0 dBW (S-band)

> 16.0 dBW (VHF)
TTC Downlink speed,[> 38400 bps , 3dB margin at 10E-5 BER (S-band)

TS00500 |TTC Uplink EIRP

TS00600 i .

Margin and BER > 9600 bps , 3dB margin at 10E-5 BER (UHF)

. >0 dBW (UHF)
TS00700 |{TTC Downlink EIRP .
> -2.0 dBW (S-band)

TS00800 |Loss allowance 3dB polarization & 3 dB passive
TS00900 |PDTx Downlink signals [X-band
TS01000 [PDTx Duty cycle <10%

PDTx speed, Margin and ) v
TS01100 BER > 3.0 Mbps , 3dB margin at 10E-6 BER (X-band)
TS01200 |PDTx EIRP >3.0dBW

¥ 3-53. RF Al&" &8 QT7AE
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f

qe g Uyh, By 4T B4 9385 FAA ZAE 24¢ venh 99
12 A5 2 AAS A J9, 949 AT BAR Auzo] IE FH5
o} WAE AHEEIE AW, WAL 27) A 94 AT FAAA RF BeE B
A4 &8 BANAE 949 TT&C (47 B%, B4, Tracking) 715& A 2
7} Bashh

(o}

(e

oX

o
o

=

r

H
i)

[0
—'—I

(h A A2 QT ALEHe] B4

(D Data rate
ALY Bujojol & dlojglel EH wel 2o F B4 =t 2Eth 944 38L «
AA0l B2 PHL AduE T2 real-timel® FFH3H WE LEE Q75 T
o}, 974 B real-timedEo] BatAAE AAAR FE 1259 2HE 1200 bps B
o £58 59 2oE d459A gt 974 98 9o uplink® F3MoF st wlolH
2= OBC AZEgol7t sith 99 F 7HA o& 449 dolgE FA37] Astd F
A e A AAE 2 5 QAT LY 15AMAF o] FAVE s
Wrz wwoz dolgs A&t Wyol dth 71ES e JIdE =Yt
o 9600 bpsE & AL FA7] HWE 2UE €& & Ytk F3ol fd
A7 AR HS, real-timelE 4413 A9 1200 bpso] @ 256 ByteE 1 frameo 2 &
A% 1~ 2% 402 update’t 758k o190 DownlinkE F3te] HAFHojor & A
o2 = OBC Z+E log filed A& HAES Axst gtk o]Ed Heoly £%F< a4
3te] data rate Ao} FAAW Fa7] WE AY FEU|S HAY LHIE AL

38400 bps7t HuW7} @ Aol

H

(2

@ Data volume

EA Al2"g AAF glo] Bujojof & Ao <ol AMA v FF, dvh wmE
&xz doh} 7 A7 B¢ Bujok dex 7] A8A dolHY e

itk HerA 15 oA ol Ao HPste ALZE Realtime 94 FH 9ol 0BCY
ATEY 58 Ao WAL ZE OBC log filed BAEY] AFAE AKoz ALY
o2 B9 7A%olt}, OBC booting Z7]4Elel ¢k 600 KByte] HoJHE Rulojof 31
ARl 493 54 KByted] ©vlo]HE Rulojof & Aolth. Throughputs 50%=
AL 79, 9600 bpsol™ 2~3¥ 2] pass® booting® F i, 1~2¥ o] maintenanceE
g HolE & upload & 5 A& Zeolth. Downlinksl] 1A vlojee] E3Fo] UUT 300
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@ Frequency

#8591 4159 TT&CO] 20]E RF A|2®e] Fm4 )92 Radio regulation®] 2|A%
Space operation AH]2~% W sNFEc}t A o == FriE FIF de oEF
Fig=y

Space operation service
137.0 ~ 137.825 MHz ( D/L ) : Pr.
148.0 ~ 149.900 MHz ( U/L ) : NA Article 14
267.0 ~ 273.000 MHz ( D/L ) : Pn
401.0 ~ 402.000 MHz ( D/L ) : Pn
1427.0 ~ 1428.0 MHz ( U/L ) : Pri
2025.0 ~ 2111.0 MHz ( U/L ) : Pri
2200.0 ~ 2290.0 MHz ( D/L ) : Pn.

of F 71&9 H/WE U2 AM2357) Y3t VHF UL ¢ UHF DLE A&stes AL ¢
Hoz 3t} 715 FIATUEE 148.0~149.900 MHz the} 401.0~402.00 MHz ™, 2200
~ 22900 MHz ©, 20250 ~ 2111.0 MHztH7} ik A e Fa4E 1MUY FFEE A
AHA AsA Aol

@ Modulation

Wz v C/Nool Wdk BERASE ZAARAL 54719 HFPYE EA
parameter®| T}, 3ol Wz o] did o AMFOoRE AYHYLEFS F0)7] H5H
A8 FE71E o]8F F Jojof gtk Aot L 12334 ¢

@etn vAdyg FEo] M5ttt ol folA pre-modulation filteringg ©]§% FSK (&9
FSK/FM)E Agsict A49& B3A ¥ 2948 F=34, 48 FM FA7E o8&
] oF 3dB9] implementation lossE 7}Zt}.

® S/C power
TT&C linke HA49 &8 T P& F&=oloF =, 1 W] AHALEE Power
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budgetel 2 FL FAh BANG1zAN AP AA] vk AHFTFo] A7 W3
t A%, MARH 542 18 HES A 407 ook & Bast Yok

® Mass

B9 d150 e TAA=H F 5 Kgo] FAZE A=} ok dElvte] FA= & v
AHRE AEEEA) @) o] & AFE AAENA FE Aot FTANETY FA
10% ¥Rk A Fof & Zloj

(D Beamwidth

F39415 TT&RCE Aelvel A, 949 A7 B HA & 27138380t A4
9t Fio] 2ol & AfdE 449 Ao BAHE TT&C715< o4 §lo] &
Zrfjok B R, TT&C linkd] F&AS AU BFsty] 95t e =& Wikd 2A
$al0] O|FAAEE FAPY FeL ol olth Aol AR aht o) g
4E olgele WES Wit $UE & 4 dou e FRALS WA Fg s
oF gt

2E Y] hA 2L 052 /AA FHUUE Link margin® FEI FA% 5 3l

ojof gt}

EIRP

41719 €83 otey o]5d] wil FsA = EIRPE DY A5 S AASe T4
F3lolth. TT&C $A417]19 EA4, FX A 77he QHUE A8t A8 LR
Aoz A AN g 7IAA "ot ERPE FA EE X439 GTE €8 F
ltt. ol AbA]E= UHFlA] +2 dBW ©]il, S-banddlA] +0 dBW ©]t}.

® G/T

AR ¢4 A28 2 FEE AdAde FAlth TT&C A4 FA7]9] 45, ¢eHy

258 €8 F It AAZE AF FHLoly gE FSYY dFoR o] oJFoR AF
F itk 4= -30dB/K W Rto| T}
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Uplink link budget

FA F 148.0 MHz
A& 10 Watt
A% HHY o) 5 15 dBi
] Zuh 2] FSK/FM
dolg &= . 9600 bps
Bit Error Rate : E-5
FAANEE FEEE 0 100K
AAA <ty o]5 -5 dBi Worst case
. 10 20 30 60 90
Items Unit |0 Deg Deg | Deg | Deg | Deg | Deg
Carrier Frequency MHz |148.0|148.0|148.0|148.0 | 148.0 | 148.0
Data Rate bps 9600 | 9600 | 9600 | 9600 | 9600 | 9600
RF BW Occupied KHz 20 20 20 20 20 20
EIRP dBW 25 25 25 25 25 25
Range at given Elevation Angle km 3115 | 2198 | 1621 | 1269 | 817.8 | 720
Free Space Loss dB -145.7|-142.7]-140.1|-137.9|-135.0|-134.0
Polarization Loss dB -3 -3 -3 -3 -3 -3
Implementation & Additional Loss dB -2.5 -2 -2 -2 -2 -2
Receive Antenna Gain dBi -5 -5 -5 -5 -5 -5
Receive System Noise Temp K 1000 | 1000 | 1000 | 1000 | 1000 | 1000
Receive System G/T dB/K -35 -35 -35 -35 -35 -35
Boltzmann's Constant dB\IN;/Hz/ -228.61-228.61-228.6|-228.6|-228.6|-228.6
C/No dBHz | 674 | 709 | 73.5 | 748 | 78.6 | 79.6
Eb/No dB 27.5 | 31.1 | 33.7 | 33.8 | 37.6 | 38.6
Required Eb/No dB 13.8 ] 13.8 ] 13.8 | 13.8 | 13.8 | 13.8
Link Margin dB 13.7 | 133 | 199 | 20.0 | 23.8 | 24.8

E 3-54. AAMZo] W& Uplinkd] §4 oS
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@ UHF Downlink link budget

A FI 401.0 MHz
A=Y . 1.5 Watt
AAA ¢HEY o]5 : -5 dBi
Wz FSK/FM
Holg £ . 9600

Bit Error Rate : E-5

FAANEE FE2E 0 400K

) 10 20 30 60 90
Items Unit |0 Deg Deg | Deg | Deg | Deg | Deg
Carrier Frequency MHz |401.0|401.0|401.0 | 401.0 | 401.0 | 401.0
Data Rate bps | 9600 | 9600 | 9600 | 9600 | 9600 | 9600
RF BW Occupied (FSK) KHz 20 20 20 20 20 20
Transmitter Output Power Watt 1.5 1.5 1.5 1.5 1.5 1.5
Transmit Antenna Gain dBi -5 -5 -5 -5 -5 -5
EIRP dBW 32| 32| -32 ) -32 | 32| 32
Range at given Elevation Angle km 3115 | 2198 | 1621 | 1269 | 817.8 | 720
Free Space Loss dB -154.4]-151.4|-148.7|-146.6|-142.8 | -141.7
Polarization Loss dB -3 -3 -3 -3 -3 -3
Implementation & Additional Loss dB -2 -2 -2 -2 -2 -2
Receive Antenna Gain dBi 15 15 15 15 15 15
Antenna Pointing Loss dB -1 -1 -1 -1 -1 -1
Receive System Noise Temp K 400 | 400 | 400 | 400 | 400 | 400
Receive System G/T dB/K -10 | -10 | -10 -10 -10 | -10
Boltzmann's Constant dBV;ZHZ/ -228.6(-228.6|-228.6|-228.6|-228.6|-228.6
C/No dBHz 56.0 | 588 | 61.7 | 63.8 | 67.6 | 68.7
Eb/No dB 16.2 | 19.0 { 219 | 240 | 27.8 | 289
Required Eb/No dB 13.8 | 13.8 | 13.8 | 13.8 | 13.8 | 13.8
Link Margin dB 2.4 5.2 81 | 102 | 140 | 13.1

¥ 3-55. AAZbe] nlZ UHF Downlink?] £4l 0|5

@ S-Band Downlink link budget

s FI 2250 MHz

$4 &9 - 1 Watt

A ey o]F 0 dBi worst case
Wz uhy . FSK/FM

giojg &% . 38400
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Bit Error Rate : E-5

FAN 2" e £E : 250K

A 4= GIT - 10.5 dB/K ( 3m Antenna )
. 10 20 30 60 90
Items Unit |0 Deg Deg | Deg | Deg | Deg | Deg
Carrier Frequency MHz | 2250 | 2250 | 2250 | 2250 | 2250 | 2250
Data Rate bps 38400 | 38400 | 38400 | 38400 | 38400 | 38400
RF BW Occupied (FSK) KHz 80 80 80 80 80 80
Transmitter Output Power Watt 1 1 1 1 1 1
Transmit Antenna Gain dBi 0 0 0 0 0 0
EIRP dBW 0 0 0 0 0 0
Range at given Elevation Angle km 3115 | 2198 | 1621 | 1269 | 817.8 | 720
Free Space Loss : dB -169.41-166.3|-163.7|-161.6|-157.7|-156.6
Polarization Loss dB -2 -2 -2 -2 -2 -2
Implementation & Additional Loss dB -2 -2 -2 -2 -2 -2
Antenna Pointing Loss dB -1 -1 -1 -1 -1 -1
Receive System G/T dB/K 105 | 105 | 105 | 10.5 | 10.5 | 10.5
Boltzmann's Constant dBVIV(/HZ/ -228.6|-228.6(-228.6|-228.6[-228.6|-228.6
C/No dBHz | 64.7 | 67.8 | 704 | 72.5 | 764 | 77.5
Eb/No dB 18.9 | 22.0 | 24.6 | 26.7 | 30.6 | 31.7
Required Eb/No dB 13.8 | 13.8 | 13.8 | 13.8 | 13.8 | 13.8
Link Margin dB 5.1 82 | 10.8 | 129 | 16.8 | 17.9

¥ 3-56. 74A}Zto] w}E S-Band Downlinke] £l ol &

@ S-Band uplink link budget

(g
PN
ol
i

: FSK/FM
dlolg £X : 9600
Bit Error Rate : E-5

A F34 1 2075 MHz
A &9 . 10 Watt
A3 <Y o] : 0 dBi worst case

FAN2Y FE LE : 1000K

%43 GIT : 10.5 dB/K ( 3m Antenna )
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Items Unit 0 10 20 30 60 90
Deg | Deg | Deg | Deg | Deg | Deg
Carrier Frequency MHz | 2075 | 2075 | 2075 | 2075 2075 | 2075
Data Rate bps 9600 | 9600 | 9600 | 9600 | 9600 | 9600
RF BW Occupied KHz 80 80 80 80 80 80
EIRP dBW [43.27|43.27 | 43.27 | 43.27 | 43.27 | 43.27
Range at given Elevation Angle km 3045 | 2134 | 1565 | 1221 | 784.2 | 690
Free Space Loss dB -168.5/-165.4{-162.7]|-160.5|-156.7 | -155.6
Polarization Loss dB -3 -3 -3 -3 -3 -3
Implementation & Additional Loss dB 251 -2 -2 -2 -2 -2
Receive Antenna Gain dBi 2 2 2 2 2 2
Receive System Noise Temp K 1000 | 1000 | 1000 | 1000 | 1000 | 1000
Receive System G/T dB/K -35 ¢ -35 -35 -35 -35 -35
Boltzmann's Constant dBW/Hz/K |-228.6]|-228.6|-228.6|-228.6 | -228.6 | -228.6
C/No dBHz | 674 | 709 | 73.5 | 74.8 | 78.6 | 79.6
Eb/No dB 27.37130.17 | 33.2 | 353 | 39.2 | 403
Required Eb/No dB 13.8| 13.8 | 13.8 | 13.8 | 13.8 | 13.8
Link Margin dB 13.57] 16.67 | 19.36 | 21.51 | 25.36 | 26.47
¥ 3-57. Z3Ae] wh& S-Band Uplink®] §4l 15
(th TT&C Configuration and Specifiction
@® UHF $4 Al=H"
Mod. In
Tx1/Freag/strobe
Tx1/Lock
Tx1/Freq/bitD

23 3-123. UHF $4 A" 332
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Tx1/Freg/bit1
Tx1/Freg/bit2

Tx1/Forward/power

Tx1/backward/power




Item Specification

Output Power 15 W
Supply Voltage +12 V
Supply Current < 400 mA
Frequency Stability | 20 ppm max.

-68 dBc/Hz at 1 KHz offset

Phase Noise -134 dBc/Hz at 10MHz offset

Harmonics < -50 dBc

Atmospheric Pressure < 10E-7 Torr

Operating Temperature -10C ~ +50C

Mass 106g

Dimension W49 x D192 x H30 (mm)

¥ 3-58 UHF $AA129 34

@ S-band £A1 A|2H€

TX2M+5Y Tomi

Mod. In

Tx2/Freq/data
Tx2/Freqfclk
Tx2/Freqg/LE

Tx2/+12V

Tx/select

To S-band Tx Ant. Tx2/bwdpwr Tx2/fwdpwr Tx2lock

Tx3+5V T:ami

Mod. In

Txfposition
Tx3/Fregq/data
Tx3/Freg/clk
Tx3/Freq/LE

Tx3H+12V

Te3fowdpwr  Tx3ifwdipwr Tx3flock

13 3-124. S-band 41 A" 2
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Item Specification Remarks
Output Power 1.0 W
Supply Voltage +12 V/+5V
Supply Current 83 mA/450 mA
Frequency Stability 50 ppm max.

< -70 dBx/hz at 1 KHz offset

< -140 dBc/Hz at 10 MHz offset
Harmonics < -50 dBc

Atmospheric Pressure < 10E-7 Torr

Operating Temperature -10C ~ +50C

Mass 11 5g

Dimension W154xD192xH25mm

Phase Noise

E 3-59. S-band £ A|2® 72

® VHF T4 Al2H

- Ryx-1+12V

VHF ﬁnt. - R 5y

—== Rx-1/RSSI
—— Ry dudio

Rx-1/Fregfset

9 3-125. VHF 41 Al2" #x
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Item Specification Remarks

Sensitivity -110 dBm
Supply Voltage +12V / +5V
Supply Current < 50 mA

IF BW. 20 KHz
Noise Figure 7 dB max.
Intermodulation 40 dBc min.
Input VSWR < 1.5:1

Atmospheric Pressure < 10E-7 Torr

Operating Temperature -10C ~ +50C

A 1500 g (incl. Module Box)
Dimension W180 X D150 X H30 mm

£ 3-60. VHF <Al A|A~d" 724

@ S-band FA17]

—af— Rx-2/+12V

- Rx-2/-12V
Audio out

RS3I

Frecquency set
Lock status

] — Rx-3/412V

- ~l— Ry 3712V
Audio out

RS3I

Frequency set
Lock status

19 3-126. S-band A7) FZ
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Item Specification Remarks
Sensitivity -100 dBm
Supply Voltage +12V / +5V
Supply Current < 100 / 100mA
IF BW. 100 KHz
Noise Figure 7 dB max.
Intermodulation 40 dBc min.
Input VSWR < 1.5:1
Atmospheric Pressure < 10E-7 Torr
Operating Temperature -10C ~ +50C
57 1500 g (incl. Module Box)
Dimension WI180 X D150 X H30 mm

¥ 3-61. S-band FA17] 14
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(3)71s B #E=

42000
I

a9 3-127. BAA LY WBS

(H UHF $4 A 2=

o

FSK modulator®] ]34 pulse-shaping® 41 35.= Frequency Synthesizer®] &% 153 4l
S& FM WEste d o) gdrh £ 135 AsE AY FE7)H ostd FEZHA T
fitero] o)3te} mzst Jo] civtdrt AsE AQA LA o Ao Bx=EL wIdY
&4 Qteltg St Batg.

o,

(‘b S-band F41 AlxH

S-band &4 A|ARE UHF $417]9 2& F2& 713t A9 FZ7]: MMICE 9%
8tS13L Redundancy® $3te] F719) AdL AHE3Sich 2 A9 L RelayS o4
g RF &9AE Sl Mednt. Tx filters 3-order Cavity filterS AFE-8}ith $41 ¢t
H1}= profileo] ¥ AX] 7} 7+ F Microstrip Patch @ Quadrifilar Helix Antenna® A}&
shaich.
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FA71elth IF Stipol e FAEZE FM E2AZTh GeldE 44 Ao Raew
ExE QEUE o] galginh

(2P S-Band F41 A|2H
S-band T4 A|2~HE VHFFA7|9F ZE F2E 7Kt LNAE MMICE ©]83t41
RedundancyE $18te] 5709 AE& AFE3kith 4 FHUE profileo] ¥ AA7} 3t

H 3t Microstrip Patch 2 Quadrifilar Helix AntennaZ AM&3}%ch

TxA
I Fre
o
: BPF = PA | syrthesizer AMUXA
L —_———————— .
__—‘TXQ Modulator
< Freg
| PA synthesizer AMUX2
R F r , % s ,,..,., e sy
switch | %3
o« Freq .
PA synthesizer AMIX3

Demodulator

4 +9 2=

27 9 = 940 #AAZREH ZEHE A Aolrt o]Fold WA FAFAY
delvrz A ot Aok o]E HA8td UHF 441718 o] 43tk

A &9 2= 4 AAZ o] HdE S-band 4718 AHEE 4 9dth S-band $41
71E B2A713 384 KbpsE o] &3 ¢ Yt}
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(¥P TT&C Antenna

< UHF Transmitting Antenna >

Center Frequency 401 MHz

Frequency Bandwidth > 10 MHz

VSWR < 1.5 over the passband
Gain 2 dB Max

Polarization Linear

Operating Temperature -25C ° ~ +65C

< VHF Uplink Antenna >

Center Frequency 149 MHz

Frequency Bandwidth > 5 MHz

VSWR < 1.5 over the passband
Gain 2 dB Max

Polarization Linear

Operating temperature -25C ~ +65C

$2d 350 e S-band ¢tV A9 FAL o2 ALESAAT FEAGIEAME
FFA Loz Aty F37 2075MHze} 2252MHzel & OE REA AT
dol A olo wat §F W mo]aR2EY <tH U 54 o] F& @A
2 £5A 44 GeuE AN TR FF AL Quadrifilar helix el styE At
&3] $52 gYE 25 g UEAY = HuE FAFAH

o
=
48
I

< S-band Microstrip Antenna >

Center frequency 2075 MHz 2252 MHz
Frequency bandwidth > 100 MHz > 100 MHz
VSWR < 1.5 over the passband |< 1.5 over the passband
Gain +6.5 dBi on axis +6.5 dBi on axis
+0 dBi over 60 +0 dBi over 60
Polarization LHCP
Axial Ratio 5 dB Max
Size < W124 X D124 X H22 mm
Operating temperature -25C ~ +65C
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< S-band Quadrifilar Helix Antenna >

Passband frequency

2050 ~ 2300 MHz

Frequency bandwidth

> 250 MHz

VSWR

< 1.5 over the passband

+3 dBi on axis

Gain +0 dBi over 75
Polarization LHCP

Axial Ratio 3 dB Max

Size < W90 X D90 X H75 mm
Operating temperature -25C ~ +65C
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ul, &2 "ol 44 Al (Payload Data Transmitter, PDTx)

(1) A" =4
g4 dHolg $4 AR $FEA gAAA dojR vlolHE AFoer A3
1S I8 95td AMEsHe Ao $FEAL A4 AFAHA Aagelt o
B3t & dlol" 4 71Ed A4 FEA Ve 59 85 2 Ade 2
ERE 3}

#7294 139 FAA dolg F A

rir

N]ﬂl

tlo
2
op
rot
-{0 “

Al g g

o

&

flo

g3t 2

>
ol
flo
i

o 44 Holg] A% (32 Mbps) & $417] MWL 7le
o X-band A& $4 <Y N Tl

o $FEAL YA FA A|2" Y 71& (Direct Acquisition)

Q) N2Ee QA 9 B
et 694 159 FAA dole A Asge e g2 eFARE Ty

Item Specifications Req. ID
Frequency Band 8.0 ~ 8.4 GHz TS00900
Data Rate 3.2 Mbps TS01100
Modulation QPSK
Output power 5W TS01200
Supply voltage +28V
Supply current 1.6 A

¥ 3-62. §AA Hole] A Alxde] 9 FAME
h BAA "Hely $4 B3 ¥4
34 dlolE £4 Al2"e 88 Y3 T4 FAE AMT AHRE 5FH AT o] F

3 ARANAE B3t 2& AAE AT ARFL of B4 A%}E ERE A2 4
Al Qo] Fod BeivE ASEE, WERA, § £ FHY Fol BY ARHY
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<7}3>

%4 F9 : 8200 MHz

A=Y . 5 Watt

AA A ¢tElY o]5 ¢ 3 dBi at 45 deg off from axis

A 1= ¢ 690 km

i A QPSK

tolH £X : 32 Mbps

Bit Error Rate :E-6

F4 4G A% 1B m

Elevation Angle
Item Unit
0 Deg 10 Deg 20 Deg 30 Deg 40 Deg

Carrier Frequency MHz 8200 8200 8200 8200 8200
Data Rate Mbps 3.2 32 3.2 32 3.2
Required Eb/No (QPSK) dB -10.50 -10.50 -10.50 -10.50 -10.50
Boltzmann constant dBWHz-1| 228.60 228.60 228.60 228.60 228.60
Noise temperature (200K) dBK -23.00 -23.00 -23.00 -23.00 -23.00
Bit rate dBs-1 -65.05 -65.05 -65.05 -65.05 -65.05
Tx Power dBW 6.99 6.99 6.99 6.99 6.99
Satellite Tx. Antenna Gain dBi -0.5 -0.1 0.6 1.7 3.8
Link Distance km 3046 2134 1565 1221 1008
Free space loss dB -180.41 -177.32 -174.62 -172.47 -170.80
Rain Attenuation dB -1.60 -1.60 -1.60 -1.60 -1.60
Change in T due to Rain dB -1.47 -1.47 -1.47 -1.47 -1.47
Implementation Loss dB -3.00 -3.00 -3.00 -3.00 -3.00
Polarization Loss dB -2.00 -2.00 -2.00 -2.00 -2.00
Additional losses dB -0.50 -0.50 -0.50 -0.50 -0.50
off axis gain fallout dB -3.00 -3.00 -3.00 -3.00 -3.00
Rx antenna gain dBi 57.9 57.9 57.9 579 57.9
Link Margin dB 2.50 6.00 9.39 12.65 16.41

X 3-63. A WE T4 o

i

<E 3-63>9 AFAE HYE FA 102 o] FolA 6 dB o]F9 Afrt JeER FAUHA

ol AN A7 & Aoz wudTh
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3 7% 2 =

MMUA B 1, Q AZE QPSK Modulatore] ¢ = o] DRO(Dielectric Resonating
Oscillator)ll A1 &A@ 153 AT E QPSK ¥WxAl7]&=d o]-&Hth DROS Pulling &3
£ £o17] #35t9 10dB #37]E o] 83t QPSK Modulator?] U E2 W37} DRO
frequency®l] HA 4FE YA LE 3Tt Modulatore] 8 A3 Ay AY FFH74
& 5 Wat2 FZo] "k FE7|9 &Y Az EA3e nxy JES JAI] 9
Sto] Band pass filterE ©]-83t3iTh A 3E A3 vlo]aR2EY GHYUE T3t AL
gk

<a¥ 351> @A vlolg $41 A A€ Block Diagramg YERI Aolth,

(’h System Block Diagram

HAA doly 4 A2EL FAY S5PAHA AJer FAH Jo Zze mloja
2 2E¥Y #X <Y, Band Pass Filter, A% FZ7] QPSK ¥ 7], DRO, A8 FZ7|
E A% AY ARV 282 T 583 AAS A9 £ de ol FAH
e,

HAA dole 441 Al2€9] System Block Diagram< <1% 3-43>3} Zt},

PDTx-2 _
PDTx-1 &
+28V
mms-1-— W], L > Temperature 1,2
I data — > Power detect 1,2

Q data ——}- Driver

| data

MMS-2

Power Switch
On/Off CMD

Data input selection

2% 3-129. Payload Data Transmitter 74 %
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@) A=¥e 74 2 74

N2EE A2 ZER FASL & AFEE FA57] A3l Direct Modulated
Transmitter 31412 ] #3519t} Direct Modulated Transmitter @& ¥x® 239 F357}
Carrier®} $943F A2 Aa F345+E Up-Conversionr]Zd B87F ¢l o] P2k
B A5 E Amplitude®} Phase®] Degradation® ZAAZ = gt

o] AJ2¥lE FAEE dlo] Q3 FQ REES2 Direct Modulator, Frequency Generator,

A3 ZFZ7], Flitero]c}.

(P QPSK Modulator
X-Band Modulator= QPSK Modulator®} Direct Frequency Generator® /38T Direct
Modulators CFP2HE 1Q Ad=Z Ead F #29 Serial Data® QPSK Modulation*# 4]

o2 WEAA FE otk
Parameter Nominal Value Units

Carrier Frequency Range 2 to 18 GHz
Carrier Input Power +8 dBm Max
IF Modulation Input (TTL Level) 10 MHz
Insertion Loss 13 dB Max
VSWR 2.5:1 Max
Phase Balance 10 typical
Bias Voltage +5, -12 vV DC
Temperature Range -55 to +85 C
Switching Speed 30 ns Max
Dimension W2.5xD2.0xH0.5 in
Mass 94 g
DC Power

@ +5V 30 mA

@ -12V 5

() Direct Frequency Generator

Direct Frequency Generator2E F3}9] Stability’7} $%3F Dielectric Resonate Oscillator&

4319t} Pulling Effect® H 23417171 98t 20dB Za71E  F71sk3th
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Parameter Nominal Value Units
Mass 41.5 g
Dimension 40x22x12 mm
Frequency 8.127 / 8.327 GHz
Carrter Input Power +11 dBm min
DC Power Consumption @ +12 V 75 mA Max
Spurs -90 dBc Max
Load VSWR 3.0:1 Max
Phase noise @10KHz -85 dBc/Hz
Pushing 0.02 MHz/V
: Max
Pulling (3:1 VSWR) 3.33 MHz
Temperature Range -55 to +85 C

(v} Linear Power Amplifier |

Ay FZ7]E= GaAs FETsS o] &% Aoz Z3o] ¢k 5 watto]t}, @0z APAR
7} oF 40 Watt2 AthE Fo|t}

o] HY FEs)e] BHL olug moh Bk Aelupere) AR A &g Foly] Askd
b3 tHUe} 7l AA ] Fol2E gt
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Parameter Nominal Value Units

Dimension W200xD85xH20 mm
Frequency Range 8 to 10 GHz
Gain at +23 C 53 dB
Gain vs. Temperature -0.05 dB/C
Gain Flatness

at Full Band 0.5 dB

per 20 MHz 0.2 dB
VSWR

Input 1.35:1

Output 1.25:1
Noise Figure 6.0 dB
Power Output @ 1dB at +23 C +37.5 dBm
Third Order Intercept Point +49.0 dBm
Connector Type

Input/Output SMA Female

DC Power/Detector RFI Feedthrough
Power Requirement

Voltage 12 Vdc

Current 34 A
Mass 397 g
Operating Temperature -40 to +70 C

(8D DC-to-DC Converter

Parameter Nominal Value Units
Dimension W76.2xD38.1x H10.16 mm
Input Voltage Range 16 to 40 v
Output Voltage 12 v
Qutput Current 5 A
Efficiency @ full load 86 %

(h Band-pass filter

Ay FEZ7E ALY SHaE nzxvs EAg. ol JAIEI] H5t] combline
filter& ©]§3k3ch o] filters 5ol st 49 &40l Fon JFANE AHEIE
Ho] loiA A= At
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Parameter Nominal Value Units
Carrier Frequency Range 8.2 GHz
Bandwidth 400 MHz
Insertion Loss 1 dB Max
Shock 10 G
Vibration 10 G
VSWR 1.5:1 Max
Power handling 10 W min
Dimension W33.5xD12.5xH17.5 mm
Mass 18 g
Temperature -55 ~ +85 C

(=h 717 J%

a4

3-130. 71 +374
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(Ah X-Band ¢t}

33 dolE AEE deHve] A 29 &0l dAFA FAAY 283 A o] F
A7) W Fteletst stE)vle Aol Fojol @ Aoltt. ¥ X-Band9] 7
A3 T3 AE £4o] F7] WEd LHU o5&

gl Aoz ¥ Ay FE7)9 2L o FYREE UF FaA

2.0
= -

11;].'
Wb gHvde fi
o Az £ ANAE

WA i Fobd & QAT
10 %1 744

Hol ZA$ HF 0 WA 4 dBiY) °o|5L 4L F ¢

AR

e Al AR FHE T

$35s PARY L 4 99d2E 3d, 2P,

Rk

Zheizte +8&

a3 3-131. 973 dlolg F4A ¢y

- 225 -

Center frequency 8127 MHz 8327 MHz
Frequency bandwidth > 100 MHz > 100 MHz
VSWR < 1.5 over the passband | < 1.5 over the passband
Gain +6 dBi on axis +6 dBi on axis

+0 dBi over 60 +0 dBi over 60
Polarization LHCP
Axial Ratio 5 dB Max
Size < W124 X D150 X H22 mm
Operating temperature -25C ~ +65C

X 3-64.

o“r‘T

o= A= IA &

et TA
¢ devte] fE AL oF 120224 oY
AAHezE JHY F
A sko]oF Pl Microstrip Patch Antenna® A}




———X1H1810J

23 3-132. 94 Hlolg 441 Al 2] beam pattern
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v, 7| ATFEE

ORELER-E

o 9449 AA ANa"oe] s & FAE 4 Y=F ML A1 TE2E AT
o},

o $14¢] COSMOS-3M EACE ¥R W A& AT AT 3L ol7lx ¢
AstA Azl AYE F I=F Tt

o ATEZNA RAAA A HEHNEF AT}

o AR} AAEol FHAEI FEF AYL FFY & U=F HEFAAARE ANT

=

o B

g gAAt SYHeR MR8 & A= 36, YAAsE BAHeE s)2

HQ Fzol §Fo) A Y= Fok

@ A2% 27N 2 24

(7h LA

Req't ID Item Description Remarks
KASE07200 = Aol AA FAE Separation SystemS A9kl S}OSI\%O;
v 130kg ©]&tojojof &t} -
&
0K
K4SE07400 | Dimension | 2717} 600x700x830 mmE 44 et g} I\%O;
RN HFAAE, FAA T o
WA BE Aas 952 A S99 A
YAEE A9 4 glofok Bk
Frequency
Range(Hz) Acceptance Levels
5-20 0.5g
VR COSMOS
K4SE09210 | &=, .00 s 20 - 40 07 g
Ak i
Ad5 Longitudinal 40 - 63 1 g ICD
63 - 100 17 g
Sweep Rate 4 Oct/min
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YALA] ¥lE= Random JES A7) g8 o9
NIABEE AL F dojoF g
Frequency (Hz) Acceptance (g2/Hz)
vk} 3}
K4SE09300 Eggtaf 20 - 70 0.006 SC%SMOS
(&%) 70 - 1000 0.040
1000-2000 0.010
Duration 80 sec/axis
WA e AL AYY A9 oey 2449
2 BAHES 44 Bt
31.5 121 630 125
40 122 800 124
50 123 1000 123
63 124 1250 122
80 125 1600 121
vkA)} 3
K4SE09500 = %1— ; 73 100 155.5 2000 120 SC%SMOS
(&%) 125 156.5 2500 119
160 156.7 3150 118
200 127 4000 117
250 127 5000 116
315 126.7 6300 115
400 126.5 8000 114
500 125.7 10000 113
Sound Pressure Level : 138 dB
WA ste] FAL W) A8 ge Fasnd
¥ NRAFFE M B
AL B
e TSAESF |, COSMOS
K4SE09000 |(ZA3% o | ol &%
B Longitudinal > 20 106.5
45 (X%),
> .
Lateral 10 147 7%
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AR EEd W gAHe dE Aise)
A3 FAFAH g A& Do gt
(713 : Power Box vlgH 9] 7]318+3 F4) COSMOS
K4SE07300 '_%__f]] T g Offset for CG Point o}
Longitudinal - H oA
Lateral Dia. < 10 mm
2EY UE BREL EFE TASE o]FoA AF¥HY =Y
K4MS00400 | "7 o] ZHA o} ok
HYE |38 FHEAHT 2% : -70~80C, LIF : 10-7
K4MS00020 | AAF |Torr)lAE ¥3sHA BlgAAE ANZA} e
AN [sh4oF 3t
2R - i . i
o AT ANA] DA} FEFS AT 1000g
K4MS00020 ii%li‘r 2 Ygx) gojof g} .
4% |
35A0] a9 AR wet st YA W9
K4MS00200 | WHEAR |R%Atold] ot 7| AFZRe] dEoly HEH] ¢l
oo &t
TZA9 AE< g EAE TSof sk
A% A8
HIZE, vggo] & A8
K4SE11900 = Out.gassing®] A& A2
Age] A=, A4, FHRA 44, F42HA T
o 2% A=

b L7AE B4

(¢}

o A¥s}

ol
=

A4 AA FAE BYA 22 A8t 106.1kg ©]Th

Acceptance TFO.2 AP L A g3t}

o}

PTFE, Delrin, Copper, Brass, Miscellaneous Materials

(¢]

o 72, A=, ¥ol H¥FoR A FFAAL,

0]

ANs=F do
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Random & AlgA] PFMol+ Qualification 522, FMol=

F71e943 13 AA : Al7075, 6061(TFZA)), Al5052(Screen), Honeycomb Panel,

FEE 339 F2A AARHE E45H Bold By 9FE VEAIY] A%

HFAAR AAE £ 359 A BHE AGse] T HIAARUL



@) 7ls ® TEE

(h AE A28 715 2 74
3744 1539 7AFERE <a¥ 3-64>9 Zr}h #8794 15+ AA Separation
System, Bus Electronics System, Payload System, Sensor System, External Panel2 ©]Fo]#]

Stk HE] 7|ZHL Battery Box®) M 7158H FHOE Bk,

@ Separation System

Separation System<> -2 3&0]A AEF WA oz HA s o TAL Ak Aol g

A AZ o] AFHINZ ST

A AoHo] de HAEHY Bolt HX = <2 3-49>9} Zov HEA IS Fof

¥ FELX UHF Antenna & 9ol %3 FAHE9 VHF Antennag $4% ¢ 3l
o

ojoF gt}

GRS Antenna

iding Device

. Sensor Platform

1.
Payload 3|

FIMS Box

RCU_Box 4

~% Honeycers Pane!

Helding Device

. [P DCS Antenna
o -

X—Band Antenng
Passive Hinge . -
Fyro Device—X

DCS BBP Pyro Device+X

Spiral Antenna

. TZ Soiar Ponel

+Z Honeycom Panel

a4 3-133. #1e94 15 WE 7=
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Channel, 1277
£ 1, Zof2

@ Bus Electronics System

Bus Electronics System& 9149 71EH¢ £9¢& 98l aFHE A2do] A=
oz AHE, FAR AFEHE, AAA R T ©
BRd Uyold ¢ %%t} Bus Electronics System® Wi FZRE <I3R 3-50>% Fow
X% wgoz B o +X / X F REOE Yoy ol et ZE olF FH_AT

3-4.2 CXK. #%

8712} Tiebarst 47} €] Spirol Pino.2 A AW}

1% 3-134. Separation System ¥ 54

ERPEREPE PR

Layers +X Direction -X Direction Height(mm)
7 NC-3 NC-4 25
6 MTQR LP 27
5 RCU RCU 130
4 OBC-2 GPS 25
3 OBC-1 NC-1 25
2 Receivers Transmitters 32
1 Power Box Power Box 109

- 231 -

¥ 3-65. Bus System?] T4 8.4

e

»




13 3-135. Bus System®] AA FAE

@) Power Box

Power BoxE #3794 159 718 ofz R&ol $x3H, 449 7|zE °lF=
23 BEolt} T3 uiy o Separation System©] FZETH <13 3-51> Power
Box9 WHE HAFE 20|t} Power Boxolt F7]9 Battery Pack, SPR, BM/PD,

PSU-1, Pyro Electronics, -8 3l ¥4l A]A~¥& Filter, Antenna harness 5 °] 9 &t}
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N e 5] L) q° 7
N i==%= z e
i L u"&
504 UR/DOW of © B
2 r'mon oca“ Sz
o
I
b 4 T MER E
: 3
3 %l 450.0
’\ 4
|2 L
d . é‘“” A, PAGK-$
£ _i I : ]
AL pRR U
o 4 s e ()
o~ 4 .

1% 3-136. Power Box

©@ Receivers Box
Receivers Boxt +X % Bus System?] Power Box2}OBC-1 Box Alolol] ¢ X]gt}. Receivers
PN

L gAA e A ANAHEA FAT]elt) <a¥ 3-52>E Receivers Box®] F4E el

Il
[o )b PP i - e T e eireoon el o T
ol 4« 4« 4 — — 4_s__v_ v
I W — o
: ] 7] | :
i i | 8 I of
l S |
: ' . a
© W= HES
i = ! "
é» g I I ';
g | |
/L\t\- . — — - a,d)'k
o= - e O —]
[/ |
450

19 3-137. Receivers Box - Height : 32 mm
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@ Transmitters Box
Transmitters BoxE -X % Bus System®] Power Box$} NC-1 Box Aolo] $]x]git} <%

3-53>2 Transmitters Box2] FA4-& Vel a8 o},

- T T 7
S.- ?{ + v 4 ® ¢ s 4 v * Yo —.\-(;' . N ..?’
° * " * .A“p_z e °o . -
. A s off vimie 1= . L M‘PI}3
wap {=
0 wiE =2 4 %
Iy a1 d4° ¥ of * . . um-,
iq ol WQOULATCR 4 NN > av [\
.- s fiw a'{ . . ',
X e e . Y 0 » 2 -. -o = s ko » ° I
E?L 2 Jo— SNl I
: 450 -
19 3-138. Transmitters Box - Height : 32 mm
& OBC-1 Box

us System®] MTC-1 Box$} MTQR Box Alelell $x1&t}. OBC(On

OBC-1 Boxe -X &% B
< T HFHU KASCOML.E 949 AAA, AEA, A &8,

Board Computer)-1

a9l

O/'\ *0 & Oa e g . S S T S S S S S YT T o
i )]
..K R A .

L3 8| |+ -

* i o] L]

R d || |+ - A

223
. ] o] L g
* A o| *l
o} o :

° /'5
EO’\:'\. 0 v J % ¥ - . & OTO - » ¥ /c:

f

430

3 3-139. OBC-1 Box - Height : 25 mm
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NC-1 Box
NC-1 Boxt -X % Bus System® GPS Box®} Transmitters A}o]o] $]X] 3t} NC(Node
Controller)-1& $14 ZANo] BdY =¥z A2y 21 AR +3¢ A otk

MTC-1 Boxt <219 3-54>¢} 593t} Box9 #°]& 25mm o]t}

OBC-2 Box

OBC-2 Boxt +X % Bus System® OBC-1 Box®} RCU Box A}o]ol ¢z 3k}l OBC(On
Board Computer)-2= ¥ ZHFEQ OBCI8622 ALY Ak Aol TFEHE= Wam
Standby 4oz Fagch wheke] F AFEC EAJ 2AHA B AFHE FFAY

t}. OBC-2 Box= <18 3-54>9F = U3 Box9] %ol 25mm ©]t}.

@) GPS Box
GPS Box -X % Bus System? NC-1 Box® RCU Box Alo]o] $X|%t}. GPS(Global
Positioning System) Box+ 949 91X, Aadwa L £, a2l HALI AL AFT

T} GPS Boxt <13 3-54>¢} T U3} Box2 Eo]l: 25mm ©] o}

RCU Box

RCU Box+= Bus System9] #/ddho] $x31H, ol#lol& OBC-2 Box 2 GPS Box7} QTh
RCU Boxt /49 AAAIE 93 Actuatord] Rate Control Unito] S 9X8ta =
AIAO] Actuator& FAIBHE NC-2 Moduleo] -zZo] 91X@ch. =% OBC2 2 GPS
Module®} Rate Control Unit Alo]ol= +X9} -XZ9] HamessE AZA3F7] ¢35 Bundled
LineE°] it} 223 +Z Fojlx B4 EEE] A&} <a¥ 3-55>E RCU Box9

WR RE A R I e 2ol
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13 3-140. R.C.U Box - Height : 130 mm

@ MTQR Box

MTQR Boxi= -X % FIMS Box%} NC-4 Box Alo]ol] 923}, MTQR(Magnetorquer) Box&
AAA S AFEHE AHSstd ANEZRE 39 FRE HYstd AAA] ARE
A3 AAAo] GaelFe o8 E3 G FAENA B9FE Fof FF AUk MIQR
BoxtT <19 3-54>9} F Y3} Box9 ¥0]¥= 27mm ©]t}.

@ LP Box
LP Box< -X % FIMS Box$®} NC-3 Box A}o]o] $)x 3t} LP(Lanmire Probe)= LP2] =
FAGEH dojE £3& 93 Aolth LP Box:E <2¥ 3-54>9 FU3IY Boxdl EolE
27mm ©]t}.

@ NC-3 Box

NC-3 Box= +X % MTQR Box$%} Payload Box Alolo] £X] 3t} NC(Node Controller)-3E
NCo] BEAEd dolg +3& 9§ Aotk NC-3 BoxE <1 3-54>9F U3} Box
9] Fol& 25mm ot}
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& NC-4 Box
NC-4 Box¥ -X % LP Box$} Payload Box Alolell $1X] gt} NC(Node Controller)-4& NC
o} BRAEH wolE #3E 9T Aolth NC3 Boxt <2 3-54>9 Y3t Boxd

Fol& 252mm ©|t}.

@ FIMS System

FIMS System< 5343 4@& +P317] Asteq a75HE A2EE T3t FEo2
FeE, XF @Y, LVPS, HVPS, Charge Amplitude, Spectrograph S 0.2 o]Fo]a glomn],
RCU Box9 LP ¥ MTQR Box A}olo] X8} gt}

@ Payload System

Payload System< ¢-F343 AdE FP317] Al S7HE A2EE FFses #
A2 E3 7], MMS(Mass Memory System) S22 o]H X1 RCU 2 NC-3 & 4 AT
o) 9 X gttt Payload System< Bus Electronics System¥ w}Z7MA 2 +X, -X F ¥ =2
U2 = 2 74L& olgie} gon <a¥ 3-56>2 Payload System?] HA FFEE
Ebd ™ol o] ®e} L olE FAHRAE 5709 Tiebar 3709 Spirol Pino = A
A€t

Layers +X -X Height(mm)
2 PDTx Box MMS Box 60, 34
1 Sensor Platform Support 128

3 3-66. Payload System? T4 8.4
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1% 3-141. Payload System®] AA F4=

@d PDTx
PDTx BoxT Payload Box W&o +X Zo] & t}. Payload Hlo|EE A3 93t
o & F= FIMS9| dHolEl¢} SPP % DCSY Hlo|8E A%37] A5t AMg-dt

©& MMS Box
MMS Boxt Payload Box W% -XZo] ¢ A3t} MMS(Mass Memory System) Box:
FIMS Data® Flash Memory®l| A3} 2| F 02 Datal AF I}

Sensor Platform Support

Sensor Platform Support™ Payload System2] FHA}ghol] 923}, oleell= NC-3 & 4 Box
7} fiA g o] BE9Y Ed e Magnetorguer wire7} Z71H +X 2 X Zo]¥E Sensor
Platformo] 4] W2 2+ HamessE® H@ld}7] 93 D-Type Comnector’t HZgc) E3
Sensor Platform¥ Sensor Platform Support A}o]o]& Sensor PlatformO ZX-E 4L ¢+ 3}
7] ¥3) Delrin Blockg 7}&8 ¢t}
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@ Sensor System

Sensor System< A9 G YA = AxHoZ ZAAANE A3 TF AAETY
TFEARLAI S AT MAER oFolA Ik 4F AXNEY ¥AE <a¥ 3-57>] e
v it

13 3-142. Sensor System9] WA FA=

@D Sensor Platform

Sensor Platform+ 20mm<] Honeycomb PanelZ H o] 1ov fdo] ZHF AAEo gAH
t}. 3 SensorEZH-E }2 HamnessE Payload System 2 Bus Electronics SystemSE
A3l7] 9% 4719 Bracket Z18°] Ut} Sensor Platform?] A4 M F g o]E Deployable
Solar Panel?} Sensor 2% H Q%= Z+¥ HamessE ol F7] $1& Bracketo] AXdrh.
Sensor Platform®] 3dlgFol= 4709 BracketC ZX-E 2% HarnessE Sensor Platform
Support®] D-Type Connector2 X W”] 913§k Brackete] A€t} 28]a F3F o= 2
Z=AA7F Ygdr.

© SPP(Space Physics Package )

SPP= Eletronics 9+ ESA, SST 522 o|Fo|x ot ol W $+F2HH & Jdux&
AEsH7] $gk FH o). SSTAlE F/09] Telescopeo] Jom, WAE 249 Solid State
Detector] A A1d AZEE FF3t] YA FFS4 449 AvA 77| FEIH.
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€& NAST(Narrow Angle Star Tracker) & WIST(Wide Star Tracker)

B371EHA 139 Star Sensors FAR sl FL F99 ZE Za & NASTS
Yo 999 7HS 2t Qe WISTOITh Star Sensors CCDE o] 83 €43 ¥ Aoz
2 AdE dEge 94 ARG ¥ Axd ok g AL FE g wEsto
4499 3%0] i@ ARE ek BU +X FFS FHES R} Yok

@ ASS(Analogue Sun Sensor)

ASSE Hgete T dgoz 2Askd J4A6l A AT Mg HY ANE @
o} Yol 3% W ARE A& & YUt ASSE Sensor Platform®] -ZZ%9 FIHFE0]
9152t '

S-Band Antenna
S-Band®] EA1& 935t F/H9 S-Band Antenna’} AXEZHF3} +Z Honeycomb o
F-2ho] o] gt}

(® External Panels
External Panel € 339 B AX A7 YA 29Q 372 Honeycomb Panel2 T4
Ho 9tk 13 " AXwE AAS] AT AMAZAE AT

@D Solar Panel

B AX#e A AR A== 139 Fixed Panel?}t A7/lEHE 273 Deployable
Panel2 74 =0l Ut} Td9] Substrate A|F-E AFAHAYATFAE A FHLH, Solar Cell
of BRI ojgd|o}e] AleniaAtol A A&ttt

Fixed Solar Panele A9 -zZFo AR HIAHD Ao o FHd:=
Magnetoquer-wire7} 2+ 91 th. Deployable Solar Panel2 Hinge Systeme 3] A Ao #
gt o] wde] YHE Solar Cello] H&E o] glrk +X%F wde Lpo] FFH gl
1, X% ¥dole LP ¥ SMAGe| #&Fo] vk EF F #d 25 FXdo] AAH7
Aol YA At 2L 9% Holding DeviceZ} F-2r5 o] gith
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© Honeycomb Panel

Honeycomb Panel 3302 o]Fojx glon deo] 9 HXEo|= Magnetoquer-wire7}
#AXTE. +Z Honeycomb Paneldle R &etgdo] ofefFo] $As] glor, ayted
DCS Antenna, X&S Band Antenna, Pyro Devices©] &= o] 9t}

& Deployment Device of Solar Panel

HFAA T AAZAE & UGS /M Aojojof k. A& A4 159 AHE
B AAFAY g4 BEL AAANIIE L& AT Active Hingeolt}h, o] BEL =
% SFRAANE ARE FFE nPVolol @k 1mE 29 AN ol Ha
= WS Aot <39 3-58>2 AU 150 FAE ANFA F

2]
R

O

ol
-

Dy
(SN

X

o>

o

A

Holding Device —

Active Hinge

a9 3-143. "5 AR

=
2
=
o
)

(th +2 =49 A4

He71e94 15AAE 94A FHEE 5249 A 2 2E o

i
i)
)
2
o
tlo
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g 93 2 Part numberE F Tt wWatA olle FAURZ RE FAHFEC WS Part
Atk <29

Number& #4353t #3794 15 HF3 IA IFEL2 UE +

3-50>F #Er1EYA 159 Part Number £ AAE EA)3 1o|t}

* PART NUMBER SYSTEM

KITSAT-4

a9 3-144. HE71EHA 132 FF &Y

@ TFZA9] Part Number ¢ =3

D 0 00 00 00
Part
Sub-module
Module
Sub-assembly
Assembly(STSAT-1)
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®@ 29 Part Number

Module Number| Part Number Module Name Remarks
D 1 00 00 00 D1 Group Assembly

D 10100 00 Power Box

D 10200 00 Battery Pack-A

D103 00 00 Battery Pack-B

D104 00 00 SPR

D1 050000 BM/PDSE

D 1 06 00 00 PSU-1

D 2 00 00 00 D2 Group Assembly

01 00 00 Rx(Receiver)

02 00 00 Tx(Transmitter)

03 00 00 OBC-1

04 00 00 NC-1

05 00 00 OBC-2

O|g|g|g|o|T
AT INY N PN

06 00 00 GPS

D 3 00 00 00 D3 Group Assembly

01 00 00 RCU Box

02 00 00 NC-2

03 00 00 PSU-2

04 00 00 NMAG

05 00 00 Wheel

vilvllvilviivliv)
wiw|wlwlwiw

06 00 00 | Gyro

D 4 00 00 00 D4 Group Assembly

01 00 00 FIMS Box

02 00 00 Spectrograph

03 00 00 Electronics

04 00 00 HVPS

05 00 00 LVPS

wilwllwliv]lwlie)
INFNFN N ENES

06 00 00 Charge Amplitude

D 5 00 00 00 D5 Group Assembly

01 00 00 . | MTQR

02 00 00 LP

03 00 00 NC-3

04 00 00 NC-4

05 00 00 Payload Support

06 00 00 PDTx

07 00 00 MMS-1

vilvilvlivlivliv]liwiw]
T IV LT LV IV (V3 17

08 00 00 MMS-2

D 6 00 00 00 D6 Group Assembly

6 01 00 00 Sensor Platform

6 02 00 00 NAST

6 03 00 00 WIST

6 04 00 00 SPP

6 05 00 00 ESA

6 06 00 00 ASS

6 07 00 00 CSS

6 08 00 00 GPS Antenna

wlivlisliviivlivlivlivllv]

6 09 00 00 Spiral Antenna
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D 7 00 00 00 D7 Group Assembly
D 7 01 00 00 Fixed Solar Panel
+X Deployable
D 7 02 00 00
Solar Panel
-X Deployable
D 7 03 00 00
Solar Panel
D 7 04 00 00 +X Honeycomb Panel
D 7 05 00 00 -X Honeycomb Panel
D 7 06 00 00 -Z. Honeycomb Panel
D 8 00 00 00 Jigs
D 9 00 00 00 Dummy Mass

@ BAASLY A&

<ad 3-60>2 #5rlEHA

157} CcOsMOSsdl gAEo] JE EsFolt} BilSat-12

Primary Payload 24 Betd A o2 4= Sumry tigtollA] 7Esiglen, o2 9@ F&d
Secondary Payload2A #871&94 135, gjAlote] ZAMIAE, @59 AGHAA 270, F 4
el 1ol gAlEn
SAMAY) F& #BEHE AFAY AP COSMOS  AMA¢He]  Interface  Control

Document?]] i R= 2
I"P“ P(w
1
BilSat-1
KAISTBAT-4
UK-DMC ! KAWUCTCAT-4
Mozhaels - § g /
_\ /
E p: * oo ) g
* =
QP 4
™ “‘
Yin
n- / L R - v
LARETS 7 | mlﬂ)
k) Taocxocrs crka ¢ FH §
|
]
]
2308

a9y 3-145. LA Y9 2
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©) 29 74 4 77

Ch FA MABGEA ZEY) : ol FAL Add iME 25T A4
Group Subsystem TA(g) H 1
Power Box Assembly 22752.1
Power Box 6850.0
SPR 312.6
PSU-1 605.8
D1 Group |BM/PD 449.6
Separation Switch 163.6
RF Harness 2 Metre Uplink 94.3
VHF Antenna 47.0
UHF Antenna 218.4
Bus System Assembly 7420.0
Rx Box 658.5
Tx Box 669.0
D2 Group |OBC-1 693.7
OBC-2 693.7
NC-1 684.9
GPS 699.3
RCU Box Assembly 11928.0
RCU Box 4100.0
Main Tiebar 481.6
NC-2 335.8
PSU-2 537.7
D3 Growp  INMAG 159.3
Wheel Bracket 617.2-
Gyro Bracket 102.6
Wheel 2920.0
Gyro 610.2
FIMS Box Assembly 2060.0
FIMS Box 3559.8
D4 Group Spectrograph 7841.0
Electronics 6740.0
HVPS 850.0
D5 Group Assembly 9432.8
MTQR 714.0
LP 723.6
NC-3 687.8
D5 Group  INC4 687.0
Payload Support 3250.0
PDTx 1520.0
MMS-1&2 1076.0
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Group Subsystem FAl(g) ¥l
D6 Group Assembly 8294.6
Sensor Platform 1432.5
NAST 1135.9
WIST 1099.6
SPP 2069.1
D6 Group psa 1071.0
ASS 172.4
CSS 109.5
GPS Antenna 62.6
Spiral Antenna 215.1
D7 Group Assembly 19854.4
Solar Panel-Fixed 3188.3
Solar Panel-Deployable +X 3005.5
D7 Group Solar Panel-Deployable -X 2922.9
Solar Panel + Z 752.3
Honeycomb Panel +X 2960.4
Honeycomb Panel -X 2859.2
Honeycomb Panel +Z 3165.8
Others Harness 3572.0
Conformal Coating, Tie, etc 1580.0
Total (kg) 106.1

H #7194 139 A48 Az 2 73

SFulEdES A4 Module Box 2 F8 ¥F9 FTZRAZE AHEHY A9 4
Bl wet BaAl(Sheet), AAPlate), ¥ABaZ FEATH LF0F G AIREE o
2

1A% 54
Item N
WE(gem’) | V7= (kg/mm’)| %% FE A (kg/mm”)
Al 7075 (&A)) 2.80 53 45
Al 6061 (ZA)) 2.71 30 25
Al 5052 (&A4) 2.69 24 16

@ Delrin ¥ PTFE

FAF A% ABL JF FoNA Outgassing A7 H2d 754 o] AA Condensing
o] Hx &2 YAAE XAA# ot §r}. Delrin @ PTFE?] Outgassing AAME 7+ oh&3%
2.
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Item Outgassing & AA A3}
Delrin 1.1x10-6 Torr/seccm?2 Condensing S#] &5
PTFE 3.61x10-7 Torr/seccm?2 Condensing S A &<

3 Honeycomb Panel

BAaxg 2 A9 992 Al84=H+= Honeycomb Panel2 &FvWlE WA € AA=Z
T4 Jom AFHAAL A FaJA F shi 23F 2 1PE 87FxIE 2
¥ W&} o] Honeycomb TZE-2] 542 AAE I3y d‘ﬂ'@a(Transverse Shear
Force)& Ag3til WAlE ¥ 32 (Bending Force)? 22 (Membrane Force)e AEdhe 20l
o AETEL o33 Zo

Item Specification
Construction Cellite Honeycomb Satellite Panels
Skin's 0.5/0.5mm Al 2014
Core 5.2-1/4-25p-3003
Adhesive 312 Redux

@ 79 % #F
7 R FEL AA H&de F-F FAA AV1HA EAE 87T de Rl A
2% 79 R T WP AVAEE 54 AH= & Zr

Item AL FEHEKS)| ¥ #7 |BEFEXNEAE)| AE A9
C1100S-H 7 025mm | 96.0 o)A 102.7 ~ 103.9

T g C1100S-H 7] 1.0mm 96.0 °]% 96.1 ~ 96.7
C11008-H 7 2.0mm 96.0 °]% 96.0 ~ 97.1

g 5 C2680-H 7 10mm | 23.9 ~ 27.8 23.9 o]

® 7I&

TEAY FE e A% A A 9FE 71HA G AFDZA Stainless Steel, HIEF
T, 283 @yt ZA7t FrH ez AREE A

(th #7194 159 2189 25 2 734

@ BFHAF AN FA
Supplier : Starsys Research Corporation (7] =)

- 247 -



T4 22 (KT-9010 Deployment Hinge System)
Spring Powered Hinge(Torsion Hinge), KT-2004
Passive Hinge, AX-1012
Shear Cones(Snubbers), AP-2004

Flight History : HETE, APEX, KITSAT-3

AT

Item Specification
Minimum torque throughout deployment range 5 in-1bf
Positioning tolerance(Repeatability) 1.5
Latching tolerance 90 3
Operating environment -40 to 60C
Rated hinge line radial load 150 Ibf
Maximum hinge line radial load 250 Ibf
Deployment lifetime 100 releases min.
Axial pre-load(spring driven side) 10 1bf

@ Pyro Device
Supplier : QUANTIC INDUSTRIES INC. (1] =)
Flight History : KITSAT-3

72 (MODEL 5801 - 3/16 Dia 7 x 19 Cres Cable per MIL-C-5424)

Item Specification
No-fire current 1.0AMP for 1Minute
All-fire current 4.5 Amperes
Recommended all-fire current 5.0 Amperes
Bridgewire resistance 10 0.1 OHM
Pin-to-Case resistance 2 M at 500VDC
Pin-to-Case no-fire 100 VAC RMS
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ok @Alo] Alag

(1) He
#871£94 135 LE 690 km, HEE7AZAN <% 361> o] AT 2R o F714
9 exysl g AF2REY A EAL AFHAH 2L 7HEF $FERAA BEHE YT
Fysor gk oY F NEF $FBAAN 94 F A2EY 2EE LS AN 2Esta 72
A 4L Fasslr) gste] dAo Axde] dady G4NTHRAAN FAE 4A 272AE
E&5t3 Bt dAo Al22& A
dAo} A2ge 949 - ol JAYF2REY 459E Hasan ARTAN 28 4
¢ R0z WEse 4EE vk gAY A2de 45E AFA A% 9 dFS AxE
2 ALGHY o] FHHUeH, FIHY 2xMse ATAR L BARE 4AFTNEE Fiko o
e $FRAAN A4 7 N2 AREH 457 A5

a2

o

rlr

Surface Emission
(Re-Radiation)

B ——
Insolation

Earth Emission

Earth Reflection (Aibedo)

a9 3-146. B371&HA 159 €84

- 249 -



AFARAN dehbes A4 0 - 9% SEE geF 2 99y aAYoRyy 7
a2,

dT i a €
M,C, Ttk = A4,(0 +O; )+ 6 40; — oe AT, + ZKH(]; ~T;) )

12k
where

M, : Mass of kth node

C, : Heat capacity of kth node

T, : Temperature of kth node

A, : Area of kth node

O, : Insolation flux of kth node

0y : Albedo flux of kth node

Q; : Earth radiation of &h node

K : Heat conduction coefficient of 4th node to /th node
a, : Absorptivity of kth node

&, : Emissivity of kth node

o : Boltzmann's constant
(2) Ao} Al=de dAaT=x

dAoJAl 2o AAMFE A4 279 I, A7, AHLEF
AdAEE 2 S 2 dAo EAAH AL 274 AR
2" AAZAL EFstd AT F 1L F3A7EHA4 159 Ao 29 4
87xAE e

7t Azde] AL TLEE QYo dudFd 3 AAHY ditder FAXE
0~+35 T, AAREFL -20~+60C, HAFHAAE-100~+100Te] HASERANE 2=t
YA 2EAE NFAR Y T&o IFS Fo dBHoE YF x| HFDA
g&o] YFLVY agrt F 20% ol wEA dFAXNG HAAN dFx7IS A5
719 eFdA e &AL ngd HAAFE &8t g dor It

rlo
i
fo
-
N
2
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Req't ID Item Description
Temperature The thermal subsystem design shall maintain and control satellite
MS01700 Maintenance and temperatures and instrument interface temperatures and boundary conditions
Control within specified limits under all potential external environment
MS01800 Temperature The thermal design shall control satellite temperature distribution to
Distribution Contro  |minimize thermal distortio
The thermal design shall rely on passive techniques as much as possible.
MS01900 Passive Element Typical passive elements include surface finishes, multi-layer insulation and
conduction insulators
MS02000 Low Outgassing Materials shall be selected for low-outgassing characteristics to avoid the
Material contamination of other satellite equipment
MS02100 Electrically Conductive {All electrically conductive layers of thermal finishes shall be grounded to the
Layer Groundin structure '
MS02200 Finishes and Materials |Thermal finishes and materials which have low degradation in solar
with Low Degradation |absorptance shall be emphasized, especially on radiator surfaces
MS02300 Analytical Thermal |[Satellite component temperatures shall be predicted by an analytical thermal
Model Prediction  |model for all operational mode
The analytical thermal model shall include the effects of worst case
MS02400 Thermal Model Worst |[combinations of equipment operation, internal heating, spacecraft
Case Input orientation, eclipse condition, ascent heating and degradation of thermal
surfaces during the life of the mission
Thermal Margin of |An appropriate margin for uncertainty shall be applied to the extreme
MS02500 | Uncertainty on Model |component temperatures predicted by the analytical model, to obtain the
Prediction maximum and minimum expected flight temperature
Thermal Uncertainty . . . .
. . For components which have passive thermal control, an uncertainty margin
Margin for Passive . -
MS02600 of at least 10C shall be included in all cases so that the maximum or
Thermal Control . .
minimum expected flight temperature can be determined
Component
The degree of isolation and the temperature to which the instruments
Thermal Interface . . .
MS02700 ) interfaces are controlled shall be as specified in the interface control
Requirement
documents
MS02800 | Operation Temperature |The battery operating temperature shall be in the range of +0C to +40C

E 367 Al A29 MA aFER

() EAlol A=de 74

Ao} Aage HABH 94 WY A=
49 dAlol YL o §BTH <E 368>

ot

S 71e] A 9 Ax dAGd 93 &
AAlold] AF2HE CoatingHMEE YeY

<E 3-69>2 FRAHXE e
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Coating Material a(Absorptivity) €(Emissivity)
3.0 mil Kapton 0.6 0.8
3.0 mil Kapton / VDA 0.4 0.81
1.0 mil VDA / Kapton 0.09 0.02
2.0 mil Teflon / AL 0.26 0.8

H 3-68. Coating A&} EAX

Coating A& & 94
3.0mil Kapton Y AAR 44
Honeycomb panel &

3.0mil Kapton/VDA Module box

Sensor module box
Sensor platform

2.0 mil Teflon/AL Battery box B}Z2H

1.0mil VDA/Kapton

E 3-69. Coating A8 ¥ X

4) @A E AT F8 SEAYYL
A=l Be71E€94 159 52 P30z a7 Ystd FEAH L&A
2o AT A4 T8 AAE G5 Zo] AYsgt. 1
(h) Normal Mode
F e FAZe] AxH AndE AydN HYE AA D] HEFE Ho
E v Re A
(t}) SAO (South Aurora Observation) Mode
: Normal mode& Al #§X3lt}7} Sub-solar pointZ2H-E 208 FHE 478
7t earth pointing€ #3l31 Al normal mode® Eob7te AHA)
(th) NAO (Nouth Aurora Observation) Mode
* Normal modeE A€ A 3}ltl7} Sub-solar point2 %€ 31% FXE 51%
Zt earth pointing& %3} 3 ThA] normal modeE Eo}7b= A4
(2hH 'NA (Night glow Observation) Mode
: Normal mode& A% #*3}lt}7} Sub-solar pointZ2 5 € 31% FHE 378

Zt earth pointing€ 331 t}A] normal modeZ Eol7tE AHA)
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(v}) Spin Mode
DAL 2710 iAol EFF A A AA

6) A= I

A4 7L YA OE HEH AF2ZRE EEAFA w2 AREn. A
o9 484 IR, AFEAAURA], AFFA YA 7E glen] @A oA
sukgk thyleke] whEel A% JFEEIE Uk <E 3-44>2 H}r|edd 239 F8
HE73& Ve

AR AT AGEA S STFEEE A At AL P53 A 2
EE AAUMFAA 2AsE E3 943 B duded oA 2. fdd A
d Fd=EE 9 BA YA (External heat flux)E 4 23 2ol yebd 4 ok 2] 29
A FEAFHATE S AT A4 FYdH S 49 AX FAFLE YUE o)
=

Qs = SpiAa 2

A7IAH, S : BF A, Wm’
b HERAAS

A BEHH, m°
o AHEDY IFFE
g = A 37
g Ok B A} ol Y X (W/mD) 135845
A B A ol Y A (W/m) 2377
A TFRAL AL 035
15 (km) 690

¥ 3-70. 8 €387

AL €GP =E3l7] 93t $F2 oA E WAt HEH AT 9
g BEAUAE 8tk 94 2WdA R E BEEHE dAduAE 4 37 2] YE
T Utk

Qp=eAcT* 3)

¢

e
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A71M, e : GBS WS
o : Stefan-Boltzman constant
= 567x10° W/m® - K*
T:Ad2x K

AuiA o2 A EQte] FF A FEALZL 2377 W/m® otk 1A EANM Y X FE
AU A ANTEe] 42 dehd ¢ gon A4 d4e TR A
qe W 4 49 o] vehd 5 ok

p
Q= 0-5A¢{1 - V %E'] (4)

A7 A, ¢, : ATEAVEE, W/md
Rg : AF¢] W7, km
5§ : AT NFTEAA ole A, km

Bel AFEH] WAHAlbedo)H o A4 FAHE HFRAE A4 AAS 2
=, BT F5E BB £ ok 73 944 AT dhSHeat o) A
55t 2ol vehd 4

Q,=0. 125AGSa{1— i/ RE} (5)

A71A, Gs : BHETAANTA
a : A|FREAMA S

4 1~49 Aoz F
Lol A (Qp)Atol ) A
Ae 5 9ok,

T8 douyx e Are gy a3z YA HEA FAEg
3 #AA2A goziE YJAHEA 9 HIAARY HGAH =
QstQp +Q4+Qp—Qp=0 6)

AEBANA 949 LELES A4 Ast] FRaxNNE FRAFeH 2
£ fEas 2a4 2de Jehdn olde A=y g o4t 4 69 o

#
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3 TR A AFHE At AAURY 2EEEE AW

<E 3-71>9 <aY 3-147>L GAEY 4F5E ¥l mE HEAA R
ZPLEE el <E 3-71>9 Sl sty A 6o 9T ZAE} FTLFHA
of % FXHE vusdAen HFAAR 2xE FFH AR LRI TE
W9 eld 2HEF & ok <29 3-148>E AHFY AANH 2EREE UEUY
ZAXNEE & 15TCUHYA =84,

B FAR e ZAte g F8 vae] o8 #FE AN APEHE o838t A4
A - 9¥e 223 AR FF2EE AT

g 3-147. §39.c day 24

R} EA A} FA 3| AALT
Fre 0.4
81.04°C 83.20°C < 90T
WALS 0.8

£ 371 dRARY 1 FHLE vlw
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ELEMENT TEMPERATURES
ELEM TEMWP
- MAGMN 6.31E+071 MAX B, 32E+01 VALUE CFTI'ON ACTUAL
SHELL SURFACE. TOP

8. 32D+01

6.91D+01

Y 3-148. S FAA R 7L I LEEX

ELEMENT TEMPERATURES
FATS  2- €LEM TEM
VERATURE - MAG M N 1. 16E+D1 MAX 2. 74E*01 VALUE GPTI ONL ACTUAL
SHELL SURFACE TOP

2. 74D+01,
2. 58Dv01|
2.430+01

| 2.27001

4

150401

. sso»ms

. BOD+01

1. 6401

. A8D+01|

1,32;[
.1?pr03) F

29 3149, APRe] 1L FULE EE

A4 2 BB UR 4 TAFE JPAY LE Wghe] F2@ 29lo] Iu $4EE
o W 2ot Ao RdAE AERTE AYrnFos Hi AYarg Ao A
AR F744 Ao tal £8 2o BE z ABAadY 2EE TG Wil
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A 24® de 7 NBAsdge) PCBA AW AgHE Aoz sHAsgod <E
3-46>¢ Nomal modedl A 9] 94¢] Z27|(BOL : Begin Of Life time)$t %%
(EOL : End Of Life time)l A9 Z+ A 2859 AYirwHFg eblit

Pow.er {watt) P.ow:et (w att)
Sunlight Eclipse Sunlight Eclipse
Battery A 2.087 3.620 12.524 3.620
Battery B 2.087 3.620 12.524 3.620
SPR 9.951 0.000 12.270 0.000
PSU1 8.898 10.353 8.898 10.3563
PSU2 3.460 3.460 3.460 3.460
S -Rx 3.348 3.348 3.348 3.348
VHFRX 0.578 0.578 0.578 0.578
Tx 1.145 1.145 1.145 1.145
NC1 1.487 1.487 1.487 1.487
OBC1 2.915 2.915 2.915 2.915
MTQR 2.456 2.456 2.456 2.456
o0BC?2 2.915 2.915 2.915 2.915
4Wheels 4.356 4.356 4.356 4.356
3 Gyros 4.770 4.770 4.770 4.770
NC2 1.060 1.060 1.060 1.060
NMAG 0.324 0.324 0.324 0.324
GPS 6.400 6.400 6.400 6.400
LP 0.000 0.000 0.000 0.000
NC3 1.487 1.487 1.487 1.487
NC 4 1.487 1.487 1.487 1.487
MMSH1 0.000 0.000 0.000 0.000
MMS2 0.000 0.000 0.000 0.000
PdTx 0.000 0.000 0.000 0.000
FIMS Elec. 0.000 0.000 0.000 0.000
ASS 0.048 0.048 0.048 0.048
CSs 0.048 0.048 0.048 0.048
ESA 0.000 0.000 0.000 0.000
NAST 0.000 0.000 0.000 0.000
WIST 1.484 14.840 1.484 14.840
SST 0.000 0.000 0.000 0.000
DCS BBP 0.000 0.000 0.000 0.000
DCS UHF 0.000 0.000 0.000 0.000

¥ 3-72. Normal operation modeo| A& AHAL T

AFaYAe] A A4 LEARE AF57] Astel A=A LS FPsA
dEgdd dHe AAFUIA T LEge ZVLER dAstel 4 F7) AT B
& YT <2 3-150> ~ <2 3-1651> & 94 W - GRelAY HEgH D)
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Na%g vudt. 28 3151 94 Agre) B A=A Ael™ o 2
i

2CN 2E7 fAH0] AR HALT

2.2E+01 ————
2.2E+01 ™\

L /\ 1
2.2E+01
S 2.2E+01
2 [ .
>
a
&

3
R
2.1E+01 o /

L / 1
2.1E+01 \/
24E+0) 0 oo 5.0E+03 T {0Er0d . 15E+0a4 1.8E+04

Time (sec)

78 3-150. AR L3}

Graph of Current Function
3.6E+01
3.6E+01 /\
& 3.6E+0t \ / \
=3
-
= L
a
[T
a
&
-
h / \/ \/
3.4E+0 n X n r — n n " n r n n n n r n n i
6.0E+00 5.0E+03 1.0E+04 Time 1.5E+04 2.0E+04 2.4E+04

Element number: 10121
op surtace

23 3-151. A8 37 iR 2=93)
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TEMPERATURE

TEMPERATURE

Graph of Current Function

3.5E+01

3.4E+01

3.2E+01

3.0E+01

T

2.8E+01

\

J

2.6E+01

A j

2.5E+04 oe+00

5.0E+03 T1.0E+04 1.5E+04
Time
Element number: 12831

:Fop surface

a9 3-152. ¥R 7] 2543

Graph of Current Function

T 2.0E+04

2.4E+04

2.6E+01 ————7

/\

2.6E+01

2.6E+01

-

2.5E+01

2.5E+01

) \ V\

2.5E+01

A J

N

2.5E+04 oe+00

5.0E+03 1.0E+04
Time
Element number: 12363

Gp surface

1.5E+04

1% 3-153. Space Physics Package 2% 3}
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T Fo AA 2 AT =93 AN 4 BRE A2dE0] FAFHL=
Zate RE #9867 o] AAHAUCE hFd 75N Fol| LA € 2ENSE
g Z8t7] st QR B3 I8 3 A P(Thermal balance test)olx FFHE FT&
A d3A Bag o]fsta Axdsido] FAHA. o]HT A= ANE A
AA AF7|2HERe 84 & dF 2N AALE 203 dFE7IANA 9

o] mAHU HYRD AAFANE FEL ol T AxLNY 2y
8 A=Y ANFRE 8 7ZAL 7|02 3o AAHUH.

AT G A" ABFF(Acceptance test levels)E HA ALGANA Zogd =
& Ao wE A £xd 2d 2FAAe] anHdE 2% 47 a(Model
uncertainty margin)& 7125t ARGt o8 2% 4R/ dutygoez A=
H3u/HA LRt 11T 7HEsA AAFdt B 72 FaA2d9 AFELESE Yedn.

RAITANGAA 713 FoAHE A2de 94 dA Aoy FF & d¥%E F2
ANF2ERY7E dddez /g Fe FAX g FEAAL A 2FT)eln. BE
N@HANN AR} AR H BBV NPLEEE <X 3-73>9 AF2=HAE B
AU FEEZ AojHT <E 3-74>L AIFANE 2UE vEdT

EE AN2EEL dAIANY Ao AzgdljReoi 2EE dode 28 AAx
% 7]1(Out-gassing) F& &A437] skl AFAe)o] A Bake-out® At 53], AF4H
Ao 2dEA dAJH EH7e HFed viAe dFE 587 A
TQCM(Thermo-elastic Quartz Crystal Microbalance) @& ¢l &3ty &7]FS A ZF=2
=

—

=
(<]

€
=
9

-1Nlﬂ

34l

it

X

rlo

2

)
o

=a N2 Ag2x 14 (0)
= P L=
Battery 5 35
RX 6.8 482
OBC 12.2 482
FIMS 6.5 46.5
DCS -19.7 29.4

¥ 3-73. F8 A2dH Ag2E B9
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+5 874
ANgF7] 3 F7
>EW3s 0.5 ~3 C/&
Chamber ¢ 1x10° Torr ©]3}
2 R AL @5 FAANT 6A1ZF o] %

Ky 4=
e 80 C
2EHsg 02 ~3 C/&
F A A7 48712k ]
Chamber ¢+ 5x10” Torr ©]3}

¥ 3-75. Bake-out &3

Hega (6 N2h)

Al 2t

a9 3-154. Ag8Ad 2 x4d

Z43%32 FF7F=EA 7 (Residual gas analyzer)3 o] &3ld I AEE A3 ¥ 9&
Bake-outx2 & YEld,

EE A4 Aladd @ Bake-outd FIF F, SIAITAPL 274 w2 A A
#l9] 9437 A¥(Thermal cycling test) 22 FHEHUT. <Y 3-154>E AFANE
AMAAARE Vet FL/3% A2/ATNA IS AES T Fol BF A ¥ 1
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2 2 AL G4 H(Cold and hot soak)ol X 715 Aol FAHAUT. A F A=
2E 2F2AE BEA7)7] 48 AF7] W(Shroud)®] 2=F 449 FAA G 449
A 2@ 22E 71ELZ AAnt 949 o AN =& HENT] AstA

r

=
= T

197§¢] <€ 34 (Thermocouple)o] #1°3¢] Wi - 9| Fo] FZH YT

AYE EIZT A7 AAsY] Aste) <ad™ 3-155> (he 22 ZEHY 349
FH717F AHEEAT FFV] o ZHE BAdAG S FUHAIIY] st @Al
A HAU oA Ao FAVZ AFAEE e AFolE 9448 -7 2
Expol7h o 10TolgtolnE ANF2Ert W 94 JFA=de 2=AFo= ds) W
F AL 228 FE3] ASAIA Z@Th ojd T BAHE REst] fstd <249
3-155> (Whst ol 94373 #71e dde IALEo] ¥ F-2sta] A7)
BEHEH APXET R A9 gR Nagoeg AdHE BAIGHEY ¥ HadE
At

AF7INFol £IHE JBEY FFEE AY LFFEL BFSE 5x10° Tor ©]
2 FAHALH(IY 3-156), EAFAPe] FYH7] A RE A4 AMxPHe
Bake-out® At} <9 3-157>% Bake-out 7175 <¢t 3 € TQCM#E Yerin, A2
o 3ol mel E71%e] So=e AL ¥ F Ut AFHe= 4" IF TQCMA
€ 1800ng/cm?/houre}t}.

AA7lefA 159 BE A2de AP2E 99 WA 71X ds7] A8t A1d7]

r

rlo
e
A
g
X
tlo
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W (Shroud)®] 28 22X 100C7AA 7tdstden, A2ANE -130C7AA Bzt
At 3-156). 715N EL 2L £ ALs 44 A F7)& HE3Y FIP{F o8 (2
2 3-157), @FNAE A - Foll A2/4%eA N15AEE FARAT <2H3-150>2
AFAE T FHE A7 WY 222 dehdn,

Foja 23" A U - g £x¥stE <ay 3-158>% #
. 23 AL FFAHE A7 ds AEY] U 2EE HAFELE ASA
. 94 7 Nz2dEe e ned A2 FFAHAA A R ARES FAHU
o 2AR 9 ARH BBy APLEE 727 +35T~-5TC, +46T~+4TAA #2145
o]
on

Y
N
N
o
hied
o
o
>,
el

ANYEE 2 72AE BEged A4 0 - 9% A2dd AgLEEd Aol

Z 9 A7) I¥E FF0)ELE AU NPLE FFo] W A4 %A~
99 exuste Assagc 1 4% ne D AL FFAUANA A4 - AR £
EAtol7h o 6Tol 2 fAHATh

£
x 10 Chamber Pressire TQCM Value

a9 3-156. AFE W3} a9 3-157. TQCM &A% W3t
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Shroud Temperature

100

ime

{3, Joumesedwey

g 8 ° 8 8 B8

(Da Joumesedwop

a9 3-159 .z} A2"e Alg2xes

2% 3-158. Shroud 2% W3}
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A}, "HlolE] 43 A]~H® (Data Collection System, DCS)

(1) A&=R9] 53
golg 3 A=) SEEoF 2 Mu2E FuFonA AHS IR F=
gole 3 A% FFo2 v 22 99& AYa Ao,
- 59% 0CS gAAt ¢t HedH15et 579 FedSato]l BAHBLEZA A
& 2E7)d g AulE Azte] Eold
- DCSE UN ESCAPe] Al #1QHgt 'Simple Common Payload'ol W £& 1
- ofAlol-EHF X Fo| M9 AADAE H HolH = Ax® 75
- SAAS} 2 dolHE ofAlo-EE G A QY Hd FrHE]l I
#3719 4415.9 dlolg 3 A2EL teH e Eokd 8828 4 U
- v, B, 354 F
- Aok, =AM Fo V4R R 85

- du/Ed e o

o
ek
ol
oy
Pl

(2) Nz 8.7AG B 24
Holg 3 A2"(DCS)S o7 2 a7AEE et
A8 &R
- 28 V (Primary/Secondary) for each modules
- Max. Consumption: UHF(11 W)+BBP(4W)
- 5 Volt support to I/F card (70mA)
2 2] (Preferred storage capacity)
- 2 Mbyte: storage only data in MMS
Target: 10 kbyte x 200 MT/day
OBC storing function in case of MMS-PDTx failure
- Less than 1 Mbyte: Mail packets in OBC (Highly dependent on MT operation)
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KAISTSAT-4 application may not require frequent use of these packets

- 100 kbyte: Code upload packets in OBC (64kbyte x 10=640kbyte);
224 &% (Weight & Size)

- DBBP 28.4x18.4x3.5 (1.1 kg)+ UHF 24x24x3.0 (< 1 kg)
& AFE loose condition

- Target distance: ~ 3000 km (Pointing angle:75 deg)

- Broad Antenna Beam pattern(120 deg beamwidth for FedSat)

- Tilted position is allowed for wide coverage

+/- 30 from +Z is allowable(Randomly scattered targets

(3) 71 2 FAH=E
o8 43 A|AE(DCS)S) System block Diagrame <218 3-160>%} Zt}.

Messaging,
Comiriands

313.5 MHz

BPF

Receiver
Telemetry

Transmitter
Telemetry

a3 3-160. dlolg] - A|AE(DCS)e] System Block Diagram
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dolg 3 A2=((CS)9) &4& 9 5F9 FedSatol 283k A¥L T o
& Fel el Fad Bitshe A Agd da &4t Aoz . e HH4
159 238 UHF bandol A9 Fa5 553 R824 A4 5 gled XSE A% ITU
o 4‘15‘3% Z a5 9(400.4, 313 Miz )9l €8 AFL <2y 3-161>3 <a¥ 3-162>3
Zr}.

23 3-161. e B2l DCS &4 HHY
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W - ’/}—
60 90 120 15;24&‘ WAL
M - an

g 3-162. ZFEA oA IS +& HY

5% Aol F2 Ak Aol B 10-208 AEH, BVE Ade ALE &
A Fo47E THC $4 3459 AAE AR RASH 10804 202 FEolt. AA

& X e A AEEA BHA gL, AP Mo thste] L4HEE 9t
U AFA2 3A EAVE 54 Y. ot FedSate] A-99k= 22 Microstrip Patch
d SEIVE FEEo], PDIx9te] mA e}l nlRIIAE 4z WEe] Aoz FIEE A
T3 o] Link budget3 o2 it} DCSE & Wl Hdl 5709 NI} =

~164>= sl JE DBV)IE T DS 89 dojt.
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et M DCS EMA 2288 S5t B
71&E ARGO Buoy?2| B2t Al¢ T % g® UserLEO
OIUISE & b S Spacecraft
> ks S4 TR e
> Multiple Acess . :
> (|82 dlole 38 A
> Buoy?] #)| 22 oo
X L 4

== DI

LT =

fedisd el I'ODI 2=

9 3-163. %Y NTE o) 43 & M=

3
5 02
g_
_>r_

Mode AN 5T B

TH A4S - Y AUF OO
UHF Receiver On

-+

ol el d=s& AUIIEAM

SO A% ClOlEi 8 9N oz
S EEEE

rﬁ
>

~ |

}

o dF o whet &
AN AoHEASH A

Of rlo

-t

A0l AN 4B AUIBA
SUB HSBANZCR TS
AAROINE =23 H 2B
SIE W B30 ARSI B

A=

19 3-164. A Fe MTE o] &3 & NME=

(4) €9 =
DCSe] T3 RE=*x (OBCol 98 Hdddc}, ZF 2= HME¥E 16bit serial wordol] <3

AR o]} FA ZF BESY Y 2YA7} on Holof @k, I Bo) I
word @ 9] 29X FFL2 23 Zo}l. OBCE REE T2 MZ & serial line

o] FFHEY E= A= JORD= ©] FTIC-B-01 #29] ¢ols) AAE ).
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ik RE TIC word UHF ¢ | BBP A4
0/1 UHF store& Forward 0x03F0 On On
2/3 Code Upload 0x03C1 Of f On

4 UHF Beacon 0x03F4 On On

% &M oS3 2ok
o 7zt Rty Fg WEJ Y TF
® A On ¥ % 1.5 2 AX9 Delay
® Mode Control Word A%

® & 2% DS REY digital 2 analog status 3B EYUE A F

(7h) 718 8 R : UHF packet B=
UHF packet 2. =% MT (Mobile Terminal)® 143+ s A3 #AE EE T4 =
¥33g

—

-

i

() Code upload .=
code upload EEx DCS7F AR EAE A && W 5, UHF 2E0] offHo] U= #
AAZo2RE A$HE codeE BBPUR 9 boot memoryol uploaddls BEEZo|th.
A4Fo 2 RE A4 coder AFOIZ7F o 1 Kbit ~ 2 Mbitsoll o]29 U2 0BCY
2o At Upload7t B Follx A3 telecommand ol ]3] BBP]
flash memoryoll A4-¥ 3 DCS7} reset W} 5oz BydAL,

(t}) UHF beacon 2=

UHF beacon ZEE 9140 A 42g Eng w Ao WF A58 AsFozs =2

9 98 53¢ 4 Y= a4},
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(5) A)2"e] 34 @ 737

(7}) DCS®) Baseband Processor (BBP)

Xde X37 Xt

X49

{50
X D X587

|‘ * 18.4cm
28.1 cm.

19 3-165. ©lolg A" BRP A=

a9 3-166. dlolg FHAI2HY UFF +A%
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al8e 3 Stetgl 3
=t &Y 312-315 MHz 400.15-401MHz
HEET 4000 bps 1000 bps
Multiple Access TDMA TDM
R QPSK BPSK
dELL 20§ 18W
il 1.8 kg
=2 284 x 184 x 35 mm® (BBP) + 300 x 220 x 35 mm® (UHF)

¥ 3-76. dlolE] £ Al2" 72

(6) Data Format

(7}) Mode Control A1}

-Mode Control Packet Frame Format

16bits | 16bits | 1 byte 2 byte
SB EB
DA SA [FT=0x81| Command
Mode Control Packet Frame Description
Mode 58 Command Description
0x00 Bank 00l Al booting
UHF store & forward ;
0x10 Bank 10fAl booting
0x01 Bank 00l A booting
Code Upload -
0x11 Bank 10{l Al booting
UHF beacon 0x04 Kl & =202 Wl & &0l
OBC data storage 0x05 MMS data -> OBC
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DS A A F ol RS AFdo. XSEREH ASE FA ] 0BCY
Command Packet3} ¥X& 79 DCSIF= ACK Z#H AL 0BCZ AF

°] & 7% DCSIF= NAK Z#| 9l Ruim o] ) OBCE: Mode Control bitE AMETH.
DCS UHF store & forward2= 2713 ¢ 28 AX 2853 27|37 ¢45d F =7]
3h¢ts djFo] OBCE dEdAvt. 7|3 g8 AL o3 oy ARG S5 DCS
t A4EHE AFEH.

-Mode Initialization Confirm Frame Format

16bits | 16bits | 1 byte 1 byte
DA SA |[FT=0x8A| 0x07

SB EB

(W)Analog Telemetry Monitoring

ZyZ; BBPol Al 77), UHFolA 14709 analog telemetry dataZ7bFA&dtt. Z+zbe] dlolg+=
1 byte I71E Zeth. 1#9] A4 update’} FE=F DCSIFNA] setting Hol Aok, =
7] OBCE 9 AF 7F 2 38olt}. o]F wiAo] Hed 39 AAFAA commandE AF
st vlE 4 Q== gl o] ABE OBCZ} DCS analog telemetry request packet9)
info fieldel] 1~15 (&) Alole] gro=A AFIrt.

- DCS Analog Telemetry Request Packet Format

16bits | 16bits 1 byte 1 byte
SB EB
DA SA FT=0x82 FI12t(1 ~15)

- DCS Analog Telemetry Data Packet Format

16bits | 16bits 1 byte 23 byte
SB EB
DA SA FT=0x82 | Tele. Data
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(t}) DCS Data Packet (MMS A% A1)

DCSOl A ¥lE MMSE AZ Ho] A0 F downHE AREZA, Data Field IV IA

92 byte 2 1A A7},

~DCS Data Packet Frame Format

16bits | 16bits | 1 byte | 2 bytes | 3 bytes |2 bytes|70 bytes|3 bytes| 12 bytes

SB
= Head CRC

- DA | sa [FTE0x80 oy cacer | ga | MIT Dummy

3 (FC+Size) Data | +FD

EB

UHF store & forware EZ oA XA a7 o &R P LutSAHolE]E 0BCE A$HA &
TR E mail packet 224 YR &7} o] IAFAT}.

-DCS General Status Frame Format

16bits | 16bits | 1 byte | 3 bytes [2 bytes{74 bytes|3 bytes|10 bytes

SB . . Status | CRC EB
DA SA | FT=0x83 | FC+Size | PID . Dummy
info +FD

MTS}o) B4l ol Al = Ut A8 A g sl status ARE A%, AFATE. FA MMS
2 A$d}. DCSe] B4 T CRC error7F 24 & ¢ ICS General Status Framedl
A} PID=0, Status info=Received DataZ copysh] MMSo| A 43ict.

-DCS Link Statistics Frame Format

16bits | 16bits | 1 byte {3 bytes[2 bytes| 36 bytes |3 bytes| 48 bytes

SB EB
FC k| CRC
DA | SA | FT=0x83 pp | Lok Dummy
+Size Statistics | +FD

DCSt MT} B ANF UG =REA R DY X AS- 93 Doppler Shift AR EASIC,
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(2}) Digital Telemetry

DCS¢] digital telemetry: interface cards]Algt ¢lo] &<k, EA7F 24 HAokal
o o IF card] Aol 228 Framed OBCOl A4ath. OBCE ZTAYAE 214 <9

WA ARE QEGA £ info field data® 4= AT

- Digital Telemetry Packet Frame

16bits | 16bits 1 byte 2 byte
DA SA FT=0x84 | Tele. info.

SB EB

(7H)Mail Packet ®lojEl#& (0BC R AF)

DCSE Thekdt 2F9 HAL ASsted FEE2 Mail packet2 MMSe] HEHAT 47
=23 A9 0BC ALHE ASE gl Mail Request’t FAHHE 0BCE sZHE ¥

ole ol DCSIFE A4dc), DISIFZEE Ack Frameo] 415w 7 wWd& A&t
BE mail packet® B¢ FE7I7HE gFgoltt. wide AALH FARle] o ATl
Al xgtt,

7} A4 gake Aojats] E) X FFoA EA HUE comandE B F UEF o
ol2 938 AAZo)A B CommandE OBCE= Mail Message Type &2 W

+ IEE ok ok A4Fol vhA sl Bzl AAY RS Aotk
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3. X|A&= (Ground Station)

A A 8T
A4 228

o] FAAE BAr1EA4 159 L4 Bed 9
Agg stetan ARAA A2d FAE A5 947
B3lolz e 9Tk

Sel a4 159 A4F Axde 24 1edd 44 £4o
3 AABA gAY 42 98 £ Ay AYFoz YIS 9Y AYFe A4
o 4uE SAskn ¢4 Bad ¥y 715 Sl 7 £ A AYFL
A% FAA £ A £, doly $4 2 AE B9 QoA IYAuE AF
AT} SBoplN WE) B8R 5 YEF ASAE ALY F Qojok Aok

S
L

2ag 3% AL

tlo

=2

7y, B8 A

OREL EIEE

Setrledd 15 B9 AL 949 2% gy T2
Aatn, d4e ARAHE HAotd 5 Y AFAIFR FAA
S0W RE ARE A%, A 2 skl 949

BEE FAlsH,

fllo

fu
™
il

Aheoz §AGD £ ARE LTFHE ARSI Belsts 42 woh

Q) A2® 2FAE 9 B2y

7h A2" L TG

Req't ID Item Description
. Uplink 441, 94 33 ¢ T2
K4GSS41010 Function Downlink 241, BE, A% 2 )
K4GSS41020 | Coverage |KAISTW WA= FF
WAL 27)99, AAEE, NASE GAdA ASHOE 3
K4GSS41030 | Accessibility [ $4lo] 73 A
27] AAGA o]F ALHOZE Telemetry 4 7158 A
° 218 125 9] packet sizedl Al 90% ©1°3<] Tx. Throughput£
K4GSS41040 BER |
4 F UEH 10E -5
D/L : 401 ~ 402 MHz (UHF) & 2200~ 2300 MHz (S-band)
K4GSS410 F
GSS41050 | Frequency o5, . 148 1499 MHz (VHF)
> -10 dB/K (UHF)
K4 06
G8S41060 ) G/T |, | 10 dB/K (S-band)
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> +25 dBW

D/L : 1200/9600/38400 bps
U/L : 1200/9600 bps

K4GSS41060 EIRP

K4GSS41070 | Data rate

(h A=" 27 Abge] 24

(@ Downlink Ground station G/T
e 27 A BA A2 aFAGE UEAINY] At AW A=
9] G/TE 400MHz thell A -12dB/K , 2200MHz o4l 10dB/K ©]’doltt.

& olv /33 Y 13m AntennaZ AME-3te 2250MHzE FA1531E W9 Link
Budgeto]th.  3m <¢U¢EIUE ALEHE SS9 9, 10dB o]29] $Aol5E THAE A

2 ¢ % 9ok

Bit Error Rate :

FAN2Y FE RE

H

214 G/IT :

2250 MHz

1 Watt

0 dBi worst case
FSK/FM

38400 bps

E-5

250K

+ 23 dB/K ( 13m Antenna , 5 deg El )
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10 20 30 60 90

Items Umt |0 Deg

Deg | Deg | Deg | Deg | Deg
Carrier Frequency MHz | 2250 | 2250 | 2250 | 2250 | 2250 | 2250
Data Rate bps | 38400 {38400 | 38400 | 38400 | 38400 | 38400
RF BW Occupied (QPSK) KHz 80 80 80 80 80 80
Transmitter Output Power Watt 1 1 1 1 1 1
Transmit Antenna Gain dBi 0 0 0 0 0
EIRP dBW 0 0 0 0 0 0
Range at given Elevation Angle km 3115 | 2198 | 1621 | 1269 | 817.8 | 720
Free Space Loss dB |-169.4|-166.3[-163.7|-161.6{-157.7{-156.6
Polarization Loss dB -2 -2 -2 -2 -2 -2
Implementation & Additional Loss dB -2 -2 -2 -2 -2 -2
Antenna Pointing Loss dB -1 -1 -1 -1 -1 -1
Receive System G/T dB/K 22 23 23 23 23 23
Boltzmann's Constant iIBz/“I’(/ -228.6|-228.6(-228.6(-228.6|-228.6(-228.6
C/No dBHz | 762 | 80.3 | 829 | 84.0 | 889 | 90
Eb/No dB 304 | 345 | 37.1 | 382 | 43.1 | 442
Required Eb/No dB 13.8 | 13.8 | 13.8 | 13.8 | 13.8 | 13.8
Link Margin dB 166 | 207 | 233 | 244 | 293 | 304

¥ 3-77. S-band Downlink Link Budget

@ Uplink EIRP
Aol oA g fAdAIe] BAl A2l g FANGS wEA7]Y] Yt Fad A=
9] EIRPE +25dBW o] Aot}

@) 7% 2 FAE

He71eA4d 13 BY AT G=dolg AT EH0j FAHL 474 <a¥ 3-167> X
<19 3-168>3 Zr}h

oh 94 F3

A=L2E vFoz A4 AXNE Adstn fAo] 7HAE dol 012 Tl o)F
AAEE JHUE TEY YL AFHES P} T3 Pre-PasstiAAE PCO A2
3t ZF PCER 337 GSCE x7|gs8la $541718 dAsHA gt Gsce =713 34
AelA PC, INC B 29 o] 2 E AA3A LNA 5 B4l dod AvE T34
=3
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Qperator
Tfaim'ng

<.| CMD validate l.,

SIM

v TLM data

] i
Ancillary Data SOS Data

Archive

Command Data
S/W loads
Status

Tracking Data le] ]
CMD plan MAPS

A
P/L Mission plan
Data Archive >

a9 3-167. #8794 13 A3 FA=E

a3 3-168. #F71EUA 15 AGT 2ZEHS] FAHE

l

I

o

ofl

(\}) Downlink =4

Pre-pass°ﬂ/‘14 HAAY AZE E3] 949 UHF 2 S-band DownlinkE %3 BU HRJ}
PCE AGdr} UHF downlink™ UHF AntenmaZ S38le] FA7|2 4038t GSCU <
FSK modem ¥} AFSK modemolA ©TiX" AZ2 ulyi TNCYA PCE g €t
S-band Downlink® 13m EH|UE E3le] F417]2 FA183 GSColA TNCE AX PCE

g 9o

(Yh Uplink &4
944 93, oBC 24 #HAY =z pCciA AP ARE GsCH9 TNCE AA
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Modemd 3t $41710] AgATh $474 248 nFs VsE VHF delE
gole] 940z WA AT

(Zh dleolg A%

Aoz FAd ARy 49 WEL A4 &8 e Fuy Aok FE WS
of ma} o] BHst AFsn ALgAAA AIYsA AL F YE vIYolE Fok
FEate 9] Besit). olE $13t9 ZF PCE Postpass?| Tt BAEE ARE EF,
#5}H 2l Floppy Disk, ZIP disk, CD-ROM 2 networkE 2] FE|Z o]FojX1 o] &
A& ZHF vlgolE =88 ¢ A =F Archive PCE T4 Tt

24

@) MN=H" &9 2=

Ch %71 94 r=
A4g0] Wats o] A=) EAL AFEE dAolt o] $18e VHF Uplink$} UHF
Downlink7} ©]-§°] "t} UplinkE £3te $A7E AL B3 & Bz, $A477F AA

W93 A3 BRE TET

(}) OBC Booting X

AdNe OBCE Z7|8A71= ©ilolth o] $8te] VHF Uplink®} UHF Downlink %
S-Band Downlink7} o] &Hth 49 A A7t e 3 e 3= dHolth
WOD(Whole Orbit Data)7} Al&=A] gornz MTCERES 94 A HH7} Downlink
o & AdE Welex oBCcY ARJ dE Az Ago] drh o|& T3t Booting

o)A TelemetryE & = A |k

(th 34 28§ 2=

Aol A FelolA £9o] HHW VHF Uplink$} S-Band Downlink Z-2 UHF Downlink
7} o] gdtt. 53 ASE Addsln RE 42 0BCE F3 o]HAT Up/Downlink
Data Rate> X5 9600bps©] T}

@ dolH A% ==
OBCU RAZEZRE Be dolHE AN g A% o/ 4HE Z=olth VHF Uplink

9} S-Band Downlink 5= UHFDownlink7} ©]&-o] ¥ t}. S-Band Downlink¥ #th 38400bps
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Lo

o)
AA .

e
> b

@h ¥ mE

Aol 2ol EAst] FFHY 8ol HA

9} UHF Downlink?} ©]890] @t} Downlink® E3to] 94 A ABE =

6) AM=" 74 R 4

(°h UHF iy

T2 BN § gon o]¢ FAlo] UHF DownlinkE 534 OBCO messageE

ore wAlolth. o8 9159 VHF Uplink

Frequency 395 ~ 405 MHz
Forward Gain 15.2 dBi
3dB Bandwidth 22 deg
VSWR 12 :1
(\h) VHF tejG
Frequency 140 ~ 150 MHz
Forward Gain 11.5 dBi
3dB Bandwidth 41 deg
VSWR 1.5 :1
(th Polarization Switch
[quuency 140 ~ 150 MHz
(hH LNA(Low Noise Amplifier)
BW(1dB) 100 - 450 MHz
NF ~ 15 dB
Gain 30 dB
Gain Variance +/-0.5 dB
Compression Point (1dB) +8 dBm
Supply Voltage 15 VvDC
Supply Current 50 mA
VSWR 1.5:1
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("D Receiver (ICOM IC-8500)

Input Frequency Range (0.1 ~ 824 MHz

Demodulation

SsB , AM FM , CW

Sensitivity

0.5 pv

Frequency stability

Selectivity

More than 12 kHz/-6dB

RF connection

50ohm, N-type

(MhH $5417] (YAESU FT736 R + CAT I/F(FIF- 232C))

Operating Freq. Range

144 ~ 145.99999 MHz, 430 ~ 439.99999 MHz

Emission Types

FM (F2D FSK, F3E wice)

Operating Temperature Range

-10 ~ 60 C

Reference Oscillator Stability

1 ppm ( + 10 to + 40 C)

5 ppm ( - 10 to + 60 C ) after 15 minutes warm up

Antenna Impedance

50 Ohm, unbalanced

Modulation Method

FM variable reactance (5 kHz max deviation)

Spurious Radiation

Better than -60dB

Computer Interface

Serial I/O connection

RF signal Connection

N type jack for 430 MHz band

M type jack for 144 MHz band

+/- 0.0003 % (-10 ~ +50 C)

(AP Antenna Rotor

Motor Voltage

24 VAC

Rotation Time

Elevation (180 deg): 58 sec

Azimuth (360 deg): 50 sec

Rotating Torque

Elevation : 14 kg-m

Azimuth : 15 kg-m

(°H SaTReCker

Voltage Output

24 VAC

Function

Antenna rotor control
Angle readout

Interface

RS-232C
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(*h) GSC

Remote Control

1200bps AFSK , 9600/38400bps FSK Modem
Analogue Switch

Serial Data Switch Matrix

TNC embedded

(Z}) Oscilloscope
2 ch input, 20 MHz Bandwidth, External synch

(Zh PC
A8 A3 27HE PCY g 72AL dud 2o
CPU Pentium 4
Memory 256 Mbyte
HDD memory 40 Gbyte
Monitor 17 in, Multisynch

g, A58 g2

Zo] BAL

@ A= LT

Oh LT 87 AP

5
ZHolEE 541, A2lat] A4AE AA S8 &

Ho
oo
2
J 1
tlo
+
i)
-3‘-‘:
M
8k

H71294 15 ATRE GAA )
£

Req't ID Item Description
A AZDEE 75
K4GS42010 | Approach |Modular concept® ©]-&3 &43 S/w= s\
Operational level?] it Z}%—i}% 1\]_/.:%‘ ks
) #1719 4 15 X-banddlolH &
K4GS42020 | Function g dolEE AXZFOE PC o}‘:q}\fﬂﬁﬂ PRE
glolg 4, AF A2HL dual redundancyE o] Fdlo]
K4GS42030 | Redundancy [E| & °J01H1x1]?<] R=E 3,
A, oA 2= redundancy$)©] A A s}
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(h et A= g AN}

Req't ID Item Description
44 &= Golg F4E FHT ALS
K4GS42100 | General |3371&94 12 94 deog F4E& 9T GSC
configuration modification _
Tracking |HA% F3L o]4% program mode 53|
K4GS42110 og- 3 = =2 = =) 1 =7
Capability |X 2 S-band A5 & FA 3l autotrack mode F4
K4GS42120 | Frequency [X-band
K4GS42130 G/T  [25dBK °|&
Bit-sync ol X
K4GS42140 | "L |SMbps 17
K4GS42150 |Demodulation|QPSK

(Th 4 Nxd 2TA

Req't ID Item Description
KAGS42200 | General [PCol AR H&EAZ F gle 7t= FH 9 A2z AT
99 9Ad aolgg 439 9%
. WHgolEE AANZORE PC F WEE Y A
4GS4 .
K4G542210 | Function H/W phase detection 2 T 573t
Descrambling
K4GS42220 | TPPUL At s o rts
rate
@ A% 2" QT
Req't ID Item Description
K4GS842300 Platform |PC 2 external data storage device
T8 WEdlo]HE pcst=t 2T A%
. s/w ZH9Q F713
K4GS42310 Function dlo]E formatting
BT A% viA (tape or CD)E H|oJE X%
]2 EREYE A9 "ol E JRSR Pals
K4GS42320 |  Capacity g A ; ;;sses A AolHE posher 23

371 @ =

TAAZ AL A dEVA=H]

€l
Hs

a2 EujAlEEe ABA|

3-84> A RAFET).

FAANEE, AFA 2, MWD A 2", AN 2

Hs
2JE2 F4H en o AEHY I¥L <aH

- 284 -



Receiving

System Redundant

Rx

g E Antenna !
Sub-system E
catalogue

Antenna : ' l ' browse

System ' order handling
permanent Catalogue &
storage Browse System

Storage, MWD &
Preprocessing System

g 3-169. FAATGA2E FAE

Bz HE 57)3E AA FANEEeR dgdr. HEd
02 d4dE AR FA9 FAstEE AY UAd dolHE 4¥wol ¥E dHolH=
ABJAN F A% L MWD A2doz AFAZIth FAE sub-sampledd 42 MWD Al
28"o|l A AAzZte g Fdo] taZgolHn fulgAe AFALEHY PC FET AT
AZdch A48 dolHE dolH formattingg AX AAIHL £ L2 HolH=
oAl =g ] dglojguoj 2o QlE = o] ALgAT HAE ¢ =S P
2 74 ABA 2R 7l E FAHAEE AP

ok

O

(7h LHU Al=H"

GEIY MEA 2L <a3 385004 HAgFE AT Zo] A HA4H4AE FF(tracking)
3 dloly 419 F 7R Jle& FHErh

A8FAL WA GsC7F A4 A=E FA%H FHS T program-mode® AJFEHIL S

EE XbanddAZE 53PS s 2 A39 A7 442 v ndte] auto-track mode
X-bandN & F34 AL 53 microdyne receiverdl A EXAT. Y8 HolH &k

o] wA3}o] Phase Locked Loop (PLL)S &3l dlol€e} 1 fA4&
7b o] FojZch §)do] w2 dvlolE g YU E FATtERE HAEH
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X-band
S-band

\ demodulated
track & data data .
X-band block converter > microdyne receiver—> Receiving
System
microdyne receiver
S-band track
track track
I si antenna
servo control signai control
unit (ACU)
ground station
controller (GSC)
a9 3-170. LHY ABALE FAEE
(b 4 2 AEA ="
oEf|L} Processing
Al AE] System

Receiving System PC

a9 3171 A 2 AJA 2T A

FAANZRE GHUA ARG AY oA dolge FrIEYE et WA
Descrambling® 83 3 H/W phase detector® AAA 1, Qulol8E At} o]FA
g Aguoge Wy FIFO)l d4doz AZHn AT wojgy F odo] ¥l
#o)d PColA DMAWAE AHgste] & YL gof EAth o] dHlolEE PCY 3=
tz3ge A I 47 AT WAZ FAZG

et 194 13 AR BAAS AT £9, GAdolEe 4, A 2 BuE 5
Yo e GA F4 2 AF moe A 2 Pl RER Uy 5 e ok <19
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Oh Fd R A% =

H71EA4d 12 44994 gAAY &4 AdE FHsn 29€E AT A NEHE
FA, AAstE &4 Frolt} o] REE WA Mission Control UnitMCU) A X 7#HZ
gAA] F7] 2 @r7] SLAEE FEEA o] AAFeE Bt AFFL 834
TEAEe J&Ad AEE BaA old mt 94L& &85 ol mWE AUd &8
AYE oAl MCUY A SRt MCUE BAAY & AFS FAANHTNA TE
il FAX A 2L oo meEtA HEV|EAAN 15 G vloEE FAs AR
th o] REdE = £, AFE 94 dolgHe stgza 44 € FEY 53 7Y
st A7 EF@

G) A’ 74 % 74

b ¢EHY A"
Maiﬁ reflector : 13m diameter
Freq. Range : 8025 - 8400 MHz (X-band), 2200 - 2300 MHz (S-band)
Polarization : RHCP / LHCP (switch selectable)
Gain : 35dB/K (X-band), 23 dB/K (S-band) ét 5 deg elevation
Beam width (X-band) : 0.19 deg (nominal)
Demodulation : BPSK, QPSK, UQPSK
Input data rate (for bit-sync) : > 105 Mbps

(th AN 2T
Descrambler : EPROM
QPSK phase detector : EPROM
Serial-parallel buffer : FIFO IDT720X

DMA transfer interface

(h AFA =
Platform : PC Pentium Pro 233 MHz (32MB RAM, 10GB HDD) 2 units

Permanent archive device : tape driver or CD-ROM writer (TBD)
LAN
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[K

U AN #A Zz a9
37l 135 2= o 700Kmolw, 3% 4753 H& stestd, AAFE Ade
AL o 108 AEolt. BA #gagE A% 932 VHFSY Shand 7Hs58td, 83 9
UHF$} SBand7} #0142 2 A2 3, Xbande $F #Z wlo]Eg {02 Al gdT)
ojEld FA AL utgoE g 44 139 4= A vEYas 94 Ad
OBCet <dZ AL F3td FAE o =3 o3 AA: TA A #A A @
A F AA LAY A E4E "o o]FojAn. a¥EE, AN #AA TIPS
A Az AP A2dg Aoste 2o, A BAE 4T Z2aP, Y BAES

AT AY & v Zradoen ¥F & & Yot

M(Rx)

| RX)  sband(Rx) \

1

FTA AT A A2E 949 EST A9 R OBCst AT A HAFYH Aleld
FA FRT AdE Tk AIE 483 Fu 7] A Aotk o1 AN 4T
3 FEAN B A4 Ao AFElA 2 RS232C AZE GSC Aoi71E
T RAE AAH, o] AFE 7 FHY AJ71E o) gste] ey FoFE wiAL ¢
HUE T3 4oz A3E 52U du. w2 $3ole 9144 dsiA Fises &
F2 "ol o) Weldn, ol& RAY et Yok FF P2 FWelM »E OBCH
NCIdA 2 Aze Ja R4 wE REdoHE AN 944 dHdE AR

1
2
>
.1{}1
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2 YNNG, AFFAAE o] FU AEE due]N WobH AP UEE
Holde AHH GSC AolslE Betw o2 EHA Ui RSWC AEE AHA A
of ARE A ok 2R, B4 AE A A2 F2 TEaRe FHYE A
ojaht ZzaA3} GSC A71E Aoiste Tz adolt.

l

7} el Ao 22
D& F3 9A 135 otelUdE VHF,UHF,Sband(Up),Sband(Down) 2.2 o] FojF o). o]

Hg dHUZRE 48 $.54L AdAE =88 JAZE g3 TAAE FHTE
BA T2 Sband §417] Aol T2 1, Sband ¢HElY Ao} 2P FE& o]&T

23

(1) 228 HA=ZE BA} T2

Ngdoz Bet 914 15l VHF 4% J3o] B =5 HZE Ao, UHF 3
Y=o de =EY HZE Ao, Sband FF P2 P £ HZE e v,
Sband 3t @I daiME 777 AR D e A EE HZE BY FHE o8
@},

2y 3-173. =28 4 =ZE 24

(2) Sband +417] Ao} T2
T 543 F2old Sband F4710) BT AelE AFHES Fatel Aol ¥ & ok ol
=2a9¢ 539 Ao AFHY ZUHE FaA Sband FU71 2 FHE Aol
5 gow, F2 54 FEE ol 43 AA Sband F4 FHE ¢ + Aok
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1% 3-174. Sband Receiver #}oj

(3) 37718 Sband Ste|U Ao} T2 1Y
38 71% YA 139 Sband A% A3 E YA 37718 Sband SHE|UE o] &3t} 9]

[2]

FHY A2 Aelsy] Ae Sband Felh Aol Z2aWE olgTh o) Axde

RS232CE F3to] Sband e} Aol AFE HHE $UsAL, FUE oA

T g EE oA Fu Pt FREE AR A4Agon, Ax AL
=

2
-2 A|7to] AFE 02 Sband AEHIE A o]

x

o}ﬂ'( =]

A 9AT A% A A% AE A B AE

% 9.
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2

L=

. GSC Ao} 2211

X

AFEED A4

)=

243 A4 A

ojt}. o] GSC ¥l GSC Ao ==

te Azgs stz AgRH
Hat Jle A41sE slEd A

NewGscE At&3stmz zZbzho ok GSC

Z& Aade] GSC A
sl gk ole @ HAE
A9 GSCE AR BT
AAH o Az AL

A=
2

[e]

57
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i

13 3-176. GSC 21]01 Izi:Lau

2. 914 A A2d Zz2adY

A Ao} Nad TP FE A T 4 AHA S getsty] 4A &
m0l8 Aoz Nzdm A% 4L A 5 A stk @k R YA
Aol Alz=g Zzade N5HA HelA 94 e ZA% A4 AR YFAch

7h A dE BA

A9 = NCe A8, NCo 93 He

OBC Et2=2 Ael, OBC AAAlo] etxzisl Aag 449 AA BH, 4% SAA 2H
T AR Urol B & Uk olgd duEe A BAA wEA sepHook §r,
#AEA Eate AR 949 dHe 74 3Y FH2 AFFH AN FdE g
of AHEth 53 A4 &8 F A4 HHE AL H4Fg dart Jeug, A4 GH
EA Z2aPeME A g7 WsE A T F A agen, g # o199 3
2EgE RAFoA o) ¥sE & & QA e, Aad sy A o)F dHE
gotgd 4 AA tgen, o A9 54 REd IAFHeE 4 5 A 02
H, 2%, AF 5 449 54& RF5Ho2 4% ¢ Jvh B AARHY £8 23
€ AFste] &8 Aol Al H39 ZHE 4T + Yok

2 949 A7 e, OBCY 71& AH,

1) 49 712 A7 AR (NC AE, NC TLM A& )
49 712 A ABRE NCY AH, NCo 93 #28 949 A7 AE(TIME
Nete Zzado|tt e YA 15E NCI'6 7HA 67019 NCE FASH Qew, 1%
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NC174E= FNC¢ ENCE o]Fojxd BF 107§¢] NC2 ¢]FolA ot =3 NC1~4-': 4
qe) A% e ohdzas txg, gAde ¥Ue F + dE 94 ¥I 9
Aoz EFstel AT Aok olg® A1EAQ A4 e NeManager Z2I19E
shela 4 Itk NCo| Al 9% yehin, of2d Fust 9¢ 24 244 A
7}, AAANA FAAA A% AR AR o e =@M A de xFMoz n}

Ack, = PAT 2L 9FT o] BAF AS w3 4L Ho] HA 949 JHE
o}

1o

A Z_}o]

N

el weh ge wRgoz wat £ Y A1 PUE FoE w4
2 EAST A8 0F ¥AE Yoiiw wz 4L H4 o AYelA AHE
432 Mol o3 AA Hetd 5 Utk 22T ofgRI ARE e £F Au (FI2E

A7t 2EAS g3, gAY 23 ARE =34, A dd AEE 2548 5o 7

- 293 -



a8 3-178. jAl o] Ae] HA

(2) OBC 4 Ar

el F Ao} ARE(OBOE AAHoz g 71 4HE 7442 Uk 7 OBCIA
BAD oy eRTFYs, AANAY A Az, Baa AR, }I AR, AL
AR S50 2ol AUk oY FREL OBC A8 AR & T FAo| 7
aie, oleld ol zzte] ITEMSo] ol® W8S B3I JeAE 49 2I1E T4
g9 758,
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a9 3-179. OBC AH 449

(3) ZHA] 2=l

Mo
ol
>
)
o
Y
o
do
oX,
o
2
=
i

o, A4 €8 FST AT FL ¢ F7F Ak T 99 2AHA 9%

g E3k9 A A4 AAA A2 o F iRE BY 5
dvdoz 94 BUHY Zzadg Ba A4 AN, A%Y A4 AA, AT
AA, HF AAE Awoz oY AEz FUHY ¥ £ 0BT A4 A4 L5
.

EEe

HN
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SatFar
Azimuth
Elevationy)-31.
LeftToAog: 03:39:19
!

[ SunFar

(4) GAA e

Qrbit>Sun

l
t

Y 3-181. A A RUEEY T2 1Y

el ANz BUETY st L840l A

A4 BUHE 2P ka3 g§AA JEE A

Az 52U °

SH

.
_(H

S

19 3-182. GPS =Y

4oz v
e Aols7] ol 284 949 Aol 3

£ olgjd A2"oZ= GPSY FIMS ¢ SPR

Pretiy

19 3-184. SPR EU ¥
3

22 1% 3-183. FIMS 2YH

S Btk A Aol Aol P ¥
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olyz}, WOD Ao NCAlA 2

Eig

El23 59 4

s

Aol & 4 3lew, OBCAA A&

4 BHe T HEAAE

(o]
ki

(1) A4 Aol 2 HH

£ ObcManager?] %

B3

.?L

_!i,-
A 7MAZE YFoA

o

4r

Cl
"o

o

v

m

—_—

=
=0

=0

Ko

o}

ML SANA e

o= A= Y DA TEZ vlaR HH

I}

1o A

el

KX
T.

o wE 2

o]

Ly

she] ol

T
j

A

o
T
o
)

Z

she

AL

d ¥

4 5

3

A ol o) Xw, o

94

o] Aol

3

_?4

31014

4 Ao

9]

3H

o

™0

»

w
A

o

a9 3-185. YA Alo] HH o

(2) WOD 473

71 413 =84 WOD

S

& A ol9le 9149 A% AHE AR

BEE 4AY "ot . o

QECEEREY

} 7tzhe] Ao]= %7] WOD HEADERFS

3]
“

o o

AT A Fole

EE RISE

;‘g—

|

Hd BE =4

L
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(3) Payload 2§ W& AA( Scenario )

SAA &8 HE AR SAANA AAE AU FYS HAEdA AIFESF §h=
ZzaPolrt o] ZEaPL AU HU& OBC 23zt 44T & e AU
Bdz ¥ st A o)9e AL 39S OBCO 55& st 4o Ay
AL A 7Hssin, oA Bladd 52E AL Es A4H 2 5 itk

(4) &= Ao

#3 71& 914 159 OBCol: Ad 16749 Bt2=28 +39 & 5 U /&< OBC #
AHoz Waw gad olgd A2y gANE £437] A Baage] Yk olEel
e Aoje gaaE SE33, £231L, ROMY Y& B3 S FA%e 9 dEL

S,

(5) Y A

#3 71E YA 159 OBCE 6W7)t vlolE9 WEE g A2gdoeg ALgsa Jith
o2 3 Aa"oE AT JE A4 13F 243UA ARFHE Aol 22 FdE
AAEY, o) 5L B wi 44 WeAY, AAsAY & BeTt it oled #
Z3t7] 918 T2 Yol OBC H¢ Ao} TR aPelrh

g 2¥e 949 F Aol AHE FAsT ok A4z ObcManagerolA 949 &
AARR FHh AU e Ao A, 2AF 9 F, g3 Ao T AL o
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¥ 3-186. YA 8 F Ao} A

394 9% 24 2 AY A2y
B3} 7% A4 AN Al AN ITE A
age A4 94 £4¢ AYsed £2¢ Fh o
& A4 U BYe Fatel 949

_?_
AR £85 A, 2T USE T + AET £28 F0

o BYsed E90] g Z2
A% ¢4 AL AdNE BA

7b A8

3t A 8 AT AL A FA AYY gAA & AFe] Atk

A Age JFo mE 3y At AT 5 AEE stgon, olgA Agd ¥
BES BB g3 BHe] stestn, dH AL oFE WH FE BN FA T &

ATk oY BHER U3 AdE BA BHE T EA 2FE Has) o 8 T

f
f-

tlo
oX

HAA 28 AYL FF GAAAA & AYE A Aok olFEA BHE & Age
FL2 BAEHY, olgA A" Fd& A BT M fJAGAA AL M
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A7 ol U AL FEFo) 2EY Avelest AN FPskE AE v A
Saiig

rok

. ¥4 A2y =29
A BAA BAL 9 B E 2o AAF 22y 23, OBCAA AT 21,
gAA ] oA TRAHE a2 UE F it

(1) ¥4 21 B4 S/W

A FAE 71B2H o2 ObcManager$t NcManagerel] ¢8jA o] Folx ¥, o]& F3tH9
549 dolHE BF 212 AR ols5g BAY] A% Z2ae] Al 21
EAS/W ot} stAIvE, o] Z2aWS F3t x7] WOD, WOD, OBC Task 21, Adcs
Hol8 2, DCS Hlolg 21%9 ¥2o] 7t5sted TEHA 22 ¥4 o] Jhedio.
ol#F 21 ¥4 S/WEE AA FHA FHZ ol & 7hesin, Autdez 8= ¥
HE dHoHES A4 $43te A AR BA 3 FE S/W7 er, F 9 A
2 &S B F de F £44 /W Aok

mlm

(2) WOD #4

Aol A7 AR ARE o4 A4 ) A5y A z2aoelrt. o] ¥4 Z=2aY

& F2 NcManager?] Wod 21 A7 BEL E319o o|FojA} o] T2 WL NCol
23 949 A7 ARE QskE 7Y doly S F3td A9 Ada A

Z AdE FAstn Ay 588 Foh =3 7|E23 <A NcManager®] Zx1% 2+

HAE AE3e2 Q{7 A EEOY HAS Mo & ZEo ) HA € + Atk
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I3 3-187. 10217k &<t

>
L
3
o
o

(3) BAA 4= 4
Ao gAA] e AElE= ObcManagertt NcManagerE E8jA Abg] £24jo] 7153
thoolEd ARE 7 gAAAA ST FS5AEHY] Boe 24 gAA g AH A
2% 7lwow @ 2B @A Ad(Sband)E E5 LoiW ARE AT
Z239 2t o] £4E FMA FAAY ol AFE o} & F Utk

(@) FAA dolE 24

#3 94 135 MMSel A% A B5 ARE Xband A28S B4 AL &
stk o] A" 9 AR dg gag FAL i LFE BT oF 7 A
AN BEP FRE A Hul, oje¢ FRE ESALPSST,FIMSDCSS S e
wol sga.
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4. AZT Z2 e AHe

B3 712 94 15 A S/We 54 A% A2 A=Y /W, 94 Aol A2Y S/W,
A4 9T B4 LAY W 2 74 S} 0B EF &5 A A4 Y =AY

u, ol z2ade 59d F4E AT s Ao AFEHANE o] JHsst

th. £ TCP/IP YEHAE AYstad Ay & XM BUEYo] 7hgdit. EF

ML GANARE &8 GANAA 4B 27 AAE AR J7] dE AL A

A 2HE w35o2 a2 AL S T £ Quh £ o]lHF PASL uto
ke o] 7

A5 Aol 715¢ Astel ARY FFo) 4B T A2FoE &4
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A2 A YA 1 & A 2 2|8 dF
1. ¥A} 3% AA(Launch Campaign)® 934 2 Fo2dF 3 W&
howat AFAAR T4 L BURT

Fergidlae] BAE AT % AAYe SAA ATAS TP} TR FHHAYL
W thed 2e £UYTE FIIL

73 A5 At
Launch Interface, ADCS monitoring ol &
NC, OBC commanding : 3
RF monitoring o4
Power monitoring, trickle charge interface A3
FIMS monitoring o]u} g
SPP monitoring ol A
DCS, MMS monitoring, DSO interface 7739l

F 352 w4 AERAY S JF

U 3 HF ddd 4R O dA EAe)

Count g o 5 ] I

D-19 | 99 79 |[#3¢1413 Launch Campaign Team 223 v} £33

D-18 | 9€¢ 8 A EdAzaR &%

D-17 | 9¥ 99 |E¥A =23 =3

914 2 Avlunpacking
EGSE 4 %]

HANE A4 d2rts 4]
A A o) Umbilical 2491 GZA3ted A9 Ae) AA

D-14 | 9912¢ |918A AAH ¢ =7 &4& AT 7ITAH

D-16 | 9€10¥

D-15 | 9411

D7 | 99199 [914A A B 27] £82 A% N5AY
D-6_| 99209 [H5t94158 2AS o AH 3% /
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#4E& MNP EGSE v 23, 124 X AAJE A=

D-5 94921 |#&¢J A 135 Trickle charge

D-4 1 99229 (g9 94l 249 oJdH FH

D-3 | 99239 (@F9) Ao 2AY oAl 3

279 PEE ZA F3/

v 8| PRE AA/ dHy F3
I8¢ 4313% Trickle charge/

D-1 | 94259 LA R o)F &4/

COSMOS HALAE EA =9 A3

D-2 9424¢

D 9426 ZALAIN(ARFHUEA)

D+1 | 99279 |9 A1s A

¥ 3-53, 2A} HF HAAY dA

e

3"; -

19 3-103. EAMAC] A7 2ol ¢ E RHF@Edol A1)

N CL
PAG] BRI FRE BAS A% MM FFAT TAA AS S& A A%
ARQRE 149 GFs WEY FRA) neh FAHYOT BE AGARE 28 A
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48 AFEH a7t 715 HEF sted, 9o g AFY doHE AF¥Y & F Y=F 3
ATt

%9494 2 AR e 9
g1 2 NG €4 9FL ohen ol WYHRew, Aot} AX) 4%

TW FRAN TPt EFEAT.

(A MF 71€)

Ad A 94 A

AF FH 2 30 F2-0d AF (SANNFEES)

20034 9% 19 [#HagA1E R AF v £ E=E

20034 91 2% |FEAH1E L AE Fu F7IdeA HE olF (FIF AF)
16:007+7] 1 H =X T =&

FHAR A

E 3-54. A g +5YA
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29 3104 Br)E 94 15 B4 B

H#at)A15E HA ool COSMOS3M #EAA o] gA5o] Xd 99 279 2% 34 112(%
FAZ) BaFvte M §EFE£0Z of 800kmEolR FalAxI TAMGA TAbE F 34E
ofite] FAZRE AGHoz EEsol 1% o 691 kme] AF AT AFTHe2 IY
= A

oEA R wAE A
AYE LAY 99269 oA A (AANTD BAAY ARFYRAZ Asho] 327}

o]
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A719 279 24 104] 118 AFH oz B} ol FolFeh FALF COSMOS-3M A
Aol gAY Aot A, NIGERIASAT-1, BILSAT-1, UK-DMC$¢ #391441%, 5749
fge] BF HEHo2 RYHASS WA AR A FRLI TALY] BE HHo| R

Hth the& COSMOS-3M 2AHA9) ©AE AP43e %9k 2go2 el slojnh

#A AZHZ) &£5(mfs) | ALE(m)

HhAL 0.0 0 - -
A =9 A 62.0 0 484.7 11,075
19 A7 A=A 130.3 (2.17%) 2661.7 62,015
12 2g 131.7 (2.19%) 2672.8 63,744
H ol H &g 146.6 (2.44%) 2701.9 81,219
13 29 AA A= 450.7 (7.51%) 7807.5 236,842

2z 29 A 7+F 2058.4 (34.30%) 7401.3 691,497

2z} 22 A A=A 2063.6 (34.39%) 7552.0 691,450

1S
] 2081.1 (34.69% 7597.2 691,405
okgrer 317 )
#1353 2 2093.5 (34.89%) 7598.4 691,383

F 3-55. COSMOS-3M 2AMA o] dAdE APt
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Orbit Achisved
Sepsration of Payload

P ———

1. Shut-Down of 2. Staye Engine

.

Jettison of Front Falrng

2. 5hut-Down
of 2. Gtagw

End ofLow
{ Engine

Saparation of Stages

0 wax " L .
1w 6d% . i

v=as2sms J
o= S22 rpd

4= 4 tkgim ¢

LR TR % Orop-Down Areanf 1. Stags
. i and Front Faiing Parls
B4 km -
29 3-105. COSMOS-3M XA o] @A 3733t
o A=gR

TALAA 02 HE FEEE BAIAZEE 2003d 9€¥ 27¢ 104] 11+ 42626% |9, A
d A=Adre EdAY A=ARE dST 2

TE 94 AxAn 1 2 A AR
Epoch Time
Semi-Major Axis (km) 7068.478 7070.578
Eccentricity 0.000114 0.000713
Inclination (deg) 98.2057 98.193

X 3-56. Al AR

% Aeig1s Axe) 54

o 41EE BA F ARRGL AT AAHY FAAN2EE 23T YA @] BE
WA ¥ AT AR 54} v 450, A B $FAFF(NORAD)Y A2 E
o g3tel 949 ALE BT Ao,
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3 278 43

7b, 27120 A A A3 A

B} & A4 15E 09 FZAZL 2 F 34 380 BAE ol F, 99 209 OF 114] 208
A ¢ B6AHE AgTIe] Ao FHE AT L ols BAY AARA

pe)
Ho

(1) F7l€9413 27124 Ad AAEA
g F 7HR delel 719
@® UHF $417] 2%
® X3 FAEIdE $AEHe] ngdA Yo Ao g gl
¢ AYFAY AHUE AHEER, 7] LEA ALHES AL,

® AL T THA HA7HA UHF $41718 AR 2Al A=,

@ ARE A=FRE AH83te] A 4S-band eI} A3

® 109 28¥¢ 239 7/ YAHAQERAXLE)S] NORAD AEARE FAl,

® 7719 940l M a2Fos UHeld B3 9 Aoz sy,

o RaEAd gAsA, ¥ WA 1F FolA e AEPRE o g3td
By A% => 24 A

® 109299 ¥ 10 WA TAANE Fo| 4 AGstely AASY Aol
o] NORAD HHE AHg3t=x] el 2% T wWx 18 £3& 9/
.

® 10¥829¢ 2% 11 WA WAANEAAN R AA 2§ FoA JUE AAQs}d
GElv Aol Abg. H3r) &9 S-band $417] AF 2

.

d

@ UHF $47] 89 248 AA Adol 2354 2.
® Aol $FsE End-to-End APAAE mile] sbssht, 44 A= 4
ANE WAo] A HE WF 74 A,

® UHF $A7] A9 £33, AdolA A EA F 38E hEolx A3

o
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o] &olakA g

o HAEAd <eHY A8 ME FF As TA.

® Cable 7Z+ajol 23 of o] S-band, X-band Bt} wf$- 25

® A AolX UHFAE 48 A, End-to-End A3g A3t B¢o] Hg.

rle

A7) e 2 ARG R AR E S

3
r
o
=2
ofr

(3) UHF 427 242 A% 35 24 49 93
@ UHF 421719 A0 dlo]g $4 $E& 9600 bps ©|%, S-band $471¢) 3¢
o 38400 bps olE2, AA A £8A, UHF $471& A4397 2
@ S-band $417] FHVE UHF $417] et stk e dAu34¢ 7ha s
glonz, F4egrcols)e] FARENAE UHF $4171E AHEA2LE.

U 43 F8 F8UE (27uA d9A &8 W)

(1) 92 274 AWA w4l A= @ 9/27 22:04:52 ~ 22:18:06

@ Ad =7 : 3018 =

Q@ & AY
o Ao Aol Eojon, FAFEHEI AYIZ FHSHH UHHARJr =

UHF 401.375MHz ©] AFSK 1200 239 448 7|thd.

® 2E-F<t off 91 1E5U% onHES HAH.
o N37t FANHI, dAHAIARE oW 43N HA.
0> VHF uplink Al g.

Q@ & A7
® UHF A3 & ¥z 23

o dix Fulkd AHZS EHRUA 2P RotE 2L FHE A5

(2) 99 27¢ FWHA TN AE : 927  23:42:21 T 23:55:01
@AY =7 2404 =
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©
Ho
X
et

o g ok

£

z7]

K E VHF AFSK 1200 uplink® 53} $1°d¢ UHF
He By,

3

fijo

N
&

€)

Ho

8]

=
>
e

& ¥ X3
(3) 9¥ 28¢Y A WA AE : 928 9:06:27 T 9:19:01
® A 1=7 : 2246%
@ +&49 :
o Sl AXld BE FAVE o] &3 FAAE.
@ *+&4d3}
® UHF A3 & ) %23
(4) 94 289 A mA Ax 1 9/28 104315 ~ 10:56:38
@ Ao 1x7Z : 3291%
@ 849
® VHF FSK 9600 uplink&
® VHF FSK 9600 uplink&
@ 8423
® UHF A3 &

® S-band AZE

%3 UHF $4718 A= ¥9%¥ <

A 2

)

Ll i

(5) 99 289 UAHA WA A=
@ Y =74 142 =

1 9/28 21:7:15 T 21:14:51

@ L4358
® FHFE(OBC) reset & £
® FAFE(OBC) run H3 £4

@ +8&4d3:

o FAFEH ATHFE,

(6) 998 289 AXNAA RUA = : 9/28 22:42:13 ~ 22:55:59
O HAd 1=Z : 7L17=
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® VHF FSK 9600 uplink & S-band 4217118 Ades HHS B4,
® S-band FSK 9600 uplink® S-band $417]1& #HAzles 985S 249,
@ 43

® 949 S-band $AVIEREH ANFE FAFAEI

(7) 99 29¢ dF¥A ZLAAE : 9/29 00:20:39 ~ 00:31:07
O Hd =7 1082%
@ +8&A94:
® VHF AFSK 1200 uplinkE ¥3) UHF $417]1& Az %S NC Primary,
secondary o] 25 B4,
@ 847

® 94ozRE UHF 458 BARY.

(8 98 299 AHHA A= 9/29 9:42:58 ~ 9:56:41
® Ho 1= : 5396%
@ +&A4:
® S-band FSK 9600 uplinkE® %3} S-band $417]1& A+e R
® NORADIA o2 HA A= 84F AR
Q@ *&HI:

® 9o FHE S-band NIZE WX RF.

o

2y

9) 9€ 29¥ ol F WA MAANE 1 9/29 11:21:49 ~ 11:33:9
O Hd 1574 13%
@ 8&A43%:
® S-band FSK 9600 uplink® %3 ¢4 S-band $A7113 $417129] A4
< Agte W8S 29
Q@ +84d7

® Yo RE JNIE TAXI

(10) 9¢ 29¢ %Fﬁ_’f‘ﬂ WAAE : 9/29 21:42:32 T 21:54:14
D Hy =2 : 15%
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Q +&AY:
® VHF FSK 9600 uplink® S-band FSK 9600 uplink EA1el $14¢ S-band
$A719 4729 A9e A FAL By
Q +&4%:

® AHORRE AIZE TAXT

(11) 9¥ 29¢ g€3dA WMAAE @ 9/29 23:19:14 ~ 23:32:41
O AHAY 1x7Z: 4Hx

@ &84
o FZAAYZRE AUSe] JHANARE B oF TAZ &) A
2399 Y4528 NORAD WS E 27942 W73l S-band NEE F4
371z 3.

® VHF FSK 9600 uplink$} S-band FSK 9600 uplink Ajel 9149 S-band
FA7113 417129 A4L AZes ¥3S B¥.S-band FSK 9600 uplinkE
23] 91499 S-band $417113% $4712¢9) AL Az B v,
@ 2823 :
o &A1 $A% e o2 #IHE S-band 225620 MHz A% E
G213

o dAd F8 E8&WE (2724l AEolFY &8 HE)

(1) 9¢ 30d &&U&
® S-band 417119 413 & 13m ¢HUtE F3H4 A
® AutoTrack 94l NORAD tracke AM&-3le] 13m SHEIY 3
® X4= 13m GHUE B3 94 9473 HR € WOD 4
o AAAAAR BAAF, 27| 2AZAWEH FFH}L JIASFE U 25,
e Mz 5 AA4HA HH dd A FQ.
® #37]=941359 NORAD A=AHREE 279452 FIH.

(2) 104 1¢ 8N &
® A4 13m ¢HUE T3 94 473AIAE 2 WOD 4l
o AAPARAR BN, 4L A diF 3BE FUI2 HAstn ew, A
F 3T ALY AAAE T3 FE3] AHEEE UG #HAHE.
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o ulig, 2x YWY EF 43 Aoz AT

(3) 10¥ 2¢ &&U&
e XA 13m ¢HUE T3 94 4233 AAZE 2 WOD
® 9600bpsell 4] 38400 bps 2 dl°]E 4l

+
2

(4) 109 3% L8 U&
® 3= 13m ¢EIUE S8 94 942 RAAR 2 WOD F4
e AAZA YA OBCY AAd WOD #HY Wiz @ (¢ 50% A= )
o AAAoA HIYSERE Y => dF3FAARZ FA% A HFY 5o
? Aoz B '
o AL B AJZE off AF) %, A =7 AAE FAAR.

(5) 109 42 £ &S
o A4 13m etE B9l A4 AAALAR L WOD 4
o WAZx AFH WOD HAL 25 v B
o oAls TAAAZ AAAANA HFYSHE A >
@ A3} BYgse) AU B Ao A,

o FHAE H Ao|ZE off Al7)x, 9 =7 AAE FAAZ.

ui
)
N
Pn:
ftd
Me
>

6) 109 59 *8U&
® 43 13m AHUE B3 4 dF3REFAR € WOD 4L
® HAX7A HFE WOD #4& =25 Uz ¢S
® S-band TA7|2E& HALEL AAM 57 F2
® UHF #417] A ¥

(1) 109 69 &89
* X433 13m FHUE T 94 AAPIAR L WOD 52

® GPS F417] A8, => GPS A% 44 %35, GPS time A F3t= A& &9l

8 10¥ 79 &+8ug
® XA 13m ¢HHUE £ NC(Node Controller) direct 9437 3JA R AL
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® NC € %3 Up/Downlink €41 Al¥. => OBCE AXA &3 NCEHE FH
2373 ABE FA.
(9) 109 8¢ &&uU$
® XA 13m ¢HHUE £33 9F4-AR 4
® OBC2 & %3 Up/Downlink 41 Al g. OBCl¢ A¥E 113, OBC2Z A%
3l dAAZAAR D gdE FAL
(10) 10¥ 9¢ &N &
® OBC2 A 8% ttA OBCle® #HEsld, 9433 R 2 fd& 4l

® XA 13m SHIUE E3)
o HAAFAMNYEREZ AR &8
FGREE ZAHE Ao,

(11) 10¥¢ 108 *8-&
® A= 13m GEl}E E3
® NC29 U=
SEU(Single Event Upset)2 F

434948 4

(12) 10¥¢ 11¢ &8 &

® A4F 13m AHUE B AARFAR FA.

o HIAFAAE 2§

® SCC A W9 SEU & AFrAs}e T2I13E 9
® N2 Period taskE A d==dtdo, 43,

(13) 109 12¢ &8W&

© AT 13m Fe4E T AABARL S
(14) 109 139 &8U&
o 43 13m Geivte B3 AAFFAR A

® momentum unloading®] ANE FHHXA] &=

=> AA7)|F+E7E Aoste F& 4.

AAARAR FA

-7%3 +X %o

YA SCC(Serial Communication Controller)2] W3 register©ll
AEE og T >> B3

Aol dzZz3te] A3,



o 4 mez AH £4.

(15) 109 14 &8N &
o 4% 13m e FA AAPAAR S
o =AY AAAAZEZIRS JA4) dRestn 4.

® A9 momentums Folv RER AAA L.

=]

(16) 109 15¢ +&U&
® A4S 13m <HIUYE T3l AFAHIAE AL
® X4 3m AEUE AP => 4554 F5%. S band Uplink $AANEge] b
AE Eo7] 91 4 Ha. '
o AE AT AFRE A 58 => AN 537

o A task YA d2E=E F, AF F3. => AL T3

(17) 108 18Y && &
® 24 13m ¢HHIVE T3 947AFAAE F4A.
® Period, ADCS task 94==, 43
o A ALd LA, FIMS AL eAAA] 2.
® S/W HAHAR=AA F0d AL Fe] 4.
o A SIAL HOHIAGYAAFRE, (AEALT AFRE, /W dHA] &
=2 &893 dS.

(18) 109 199 &% g
® AA4= 13m ¢HUE T3 dF44AAR Al
® WIST, NAST 24X Ag.
® S/W AHAR= A A A-ge] 4.
o A AL HUHIARYHAZEE ANENFZ AFR= S/W AdAlo] 2
=2 853 Je.

(19) 104 20¢ && W&
® X743 13m ¢HUE T3 44AIAE FA.
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WIST, NAST A oju]x] &4 A& => dolu]x] J5. ALY A2
8.

S/W A A=A FWA Al +4.

A ML ARFAEYHAFELE, AFEXNGT AFEE, FIMS A48
AAEE, S/W AEARERZ $E&HIL Y=

[o

(20) 10¥ 21¢ +& U&

A= 13m AHYE 3 AFFARFE A

A Ao} task B => FIMS9 RAM avoidance, Sun avoidance requirement
#AHH A,

WIST, NAST EAA o]wz] &g A%,

S/W AgAdREgA 29A AL 4. => AFHE 4T % 2=
&g dAsteH 4F

UHF $417] N384 98 229744 #dg A7IZ 3 => oS¢ UE ol &
3 Al

T FA AR
A dHe AgHIAYgEAgRe AFALFT AFEE, FIMS 4L
AXEE, S/W AHAZER $E453 Y5

-

¢

(21) 109 229 $4u&

v}

A= 13m GEHYE T3 AHAIAAR A
X-band® & TEHOHAEFEAY 3 => £z EE Fss, HolH
Edols BAol Wa,

SEUZ F#A %+ Gyro internal Error 24 => Gyro off/on2 2 4.
WIST, NAST M AA ojnx] &4 A%,

A 9492 HYHIAGJAYAFRE, AFAGT AFERE, FIMS A&

AARE, S/W dHAoLER 85T Y&

(22) 10€ 23Y¢ *+8U&

FIMS& AAA213Y tgEE

UHF 4417 Off

A4E ANYIAGYIRFRE, AFAE4S AFRE, FIMS BAATEAA =
=, /W AgAolnez 2857 &
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(23)

(24)

(25)

(26)

(27)

109 249 2898
o TA AF AYF 849 => AFoz A4 en= FFHA A% A

® X-bandE T3 ZEUOHAELAY F3 => AF§ voly FAEQ.

® X-band $217113} 2

o AL HUHIAIYYRAFEE, AEXNFT AFRE, FIMS L4342
=, S/W AZAANRER £8FY.

® AL AFHAddeRE REZ EHI 5.

109 259 &&U&

® NCE %3 ¥Hoz dx9d P37 (FIMS) $RAAF. => dx94d 37
(FIMS) <373 RZE 4l

® X-bandE T LU OHATAE 3

o 4L HUHIAIYYAFREE, AFALT AFRE, FIMS ZELEAA
=, S/W AHAojR=E2 $&F4.

& AT AFHYGLEE B2 F£HT A5

109 269 +&U&

® X-bandE £3T n&HolEALAE 3.

® A Aol task A => SEU &AA, A5 5L75F7t

o AL AYHtAPYLRFre AENAT AR FIMS AFSEAA 2
E, S/W AZAoB=E2 &5

o 4T AFHYGLEE BEL 24T

109 274 &89

® X-bandE T AEUloEHAFAY AL => AL FH BA.

¢ AN AMHIAYYFAGERE, AFAYT AFEE, FIMS BEEEAARE
E, S/W AgAolne, A5gdude2s REE 2459

109 28Y &8H&
o EFrEe A" AE.
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(28)

(29)

(30)

(31)

o AxH BB A4,

® GPS task 3.

o od BAN FAKH JAYEL BA. > 2P oF 4 AY

o FARHE AN F, A% BT,

o L AYNIALYANGRE, AFAFT AYLE, FIMS 34LEAA =

=, /W AEAojRE AFHIdYgLIZE RERZ $EFY

104 299 &8

o B}Fo] Ao JFS AA wAE 299 LAHEH 31Y AWAA, A V)
2l 7% olddE FisA FVIE T

o AN #3371 A9¥ OFF

o 4 A AR => A= 4.

e AL AYUIAGYYAFRE, AFAFT AFRE, FIMS AL EAAE
=, /W AFGANRE, AFRITLEE REE 8T

10€ 30¢ +8U%
o A AH HAE => £3wAAd 93 SEU (Single Event Upset)e] ®o] &4

g wAsgoy, FAFHE EF J8 A4 A2ddE 9Te BX g

109 31¢ +4U %

o on A GAA] AL W1 SAAAUE A B AT

® Az XN EF7)(FIMS) A8 A7) => Heater on, Shutter test 3.

® X-band ZEEAA dHolg]l AEAY => FIMS dHolg &

® FIMS &89 ©& S/W %= A" a3

o 9o HAYPYALYAANFYRE AEANFZE PR, FIMS HALEAAE
=, S/W RFGAEE, A5RYTLRE RER 245

114 1€ 288

o A5oz 94 dolg FAl.
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A9 AYHFAGYYAFRE, AFAGF AFEE, FIMS A3 EAAR
=, /W AEANRE, AFHLGLEZE ZREZ 2859

(32) 119 2¢ &8W&

M A o] D NAST, WISTZZ 28 ¥ => olu|A ¢ tf&E T4
W7 AFHAE S 24 > FAAFE T/EIEE S/W A AR

A4 ARSI LHAFRE, AFAYT AFEE, FIMS B EAA L
=, S/W AgAoRe AFRIULRE REZ +8F9

(33) 114 3¢ &%

YA FREo) e vt e Fa A JA. => /W Ad @l e T8
7% 33
AlEl el gk A £%71(FIMS) A14.

Fo gAY A(SPP) A1E A% => AYFTF F, FHAEA (T3 "WAA F4D.
A4 AYHIAYYHAFREE, ATAGT AFERE, FIMS BFLEAAR
E, S/W AgARE, AFHLGLEE RER #8359

(34) 114 4¢ & E

HIAFREGA Y welE] F3d A ZFA => AHA /W AL} &
=> dte|2l o] AFd/AFd £4 A2

Alvbg ool g A E37I(FIMS) A1E Al

NAST o]v|x] &g U7

AL HuFAYYIAFRE, A5ALT AFRE, FIMS B EAAE
E, S/W AYARE, AFHYUYLEE REE 34F4

(35 11¥ 59 +8U &

DCS(Data Collection System) A& 3. => DCSYUXBAIZ A 2| F9 FZEQ.
gdE| SAAe Z2age W A => W FAF, T2 3 A gA.
Auel e o A ERVI(FIMS) A3 AlS.

A4L ANeFAIYFAFERE, AFAET AFEE, FIMS FFLEAAE
E, /W AYARE, AFHYYLEZE RES 2854
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(36) 119 6 &&U &
o 3 XNY&EEE E0]7]93, RxSmart task ZA => FY = FEE UF
At
® FIMS doorg €47 Aol dZFo] Bast FEAA, gAAolg Ao o
AR .
o AL AHIAYHYFANFEE, AFALT AFR=, FIMS AFEEAAR

S/W AEA e AERIr}LRE REZ 859

Ho

(37) 114 79 +8W &
® ZAAe 21 #dFA => FIMSY +84A802 FRHANSS F9.
® X-bandE E3F gAA dHoly 4 Ag => Y&+ FIMS € SPP dHoly &
Al
o HiggEAAo TR Y A, => A2 IAFL F2.
o 4L AdEFNYEAGAIRE, AFALGT AFERE, FIMS AZ3EEAAE
=, S/W AgARE, AFRduL2=

EE #8%9

HJ

(38) 119 8% £&uY&
® FIMS doorE d&d A% => 9474AAR=ZE
® FIMS A& Avle 53
o Ao AUYHYILYHAFRE AFANZ AFERE, FIMS ZALEAHT
T, /W AFARE AENYYLIE REZ $4FY

Q.

-I it

(39) 119 99 28§
® FIMS ZAWLAY] 3% Ax7l9 AU Ax, doled Faske Adele
Y==> A7 2RY Z4AY dold F48L F.
o JAye AYYFAHYAAGEE, AFNYT AGEE, FIMS Z4EEAA L

=, S/W AEAoRE AFgRdr}L s g2 +85Y

(40) 11¥ 10¥ 84§
® FIMS nAYLA7] & #A7e AdE Ax
2. => Air glow ¢ W3} Quick look data 4
o WA T WA

A
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o AL AYHIAGYHAFRE AFAANT AFR= FIMS AF4EEAAME
E, S/W AgARE AFRYGLEE REZ 2859

4D 119 119 +8W&
o HAXNE o] & FLAAAANE A AAA ZZIR AA.
® X-bandZ °]-§% FIMS dHl°|¥ 4l
o I ANUNIHYYHAFRE, AFAGT AFEE, FIMS A3 EAARE,
S/W AARE, AFAdLEE RER 2834

(42) 114 129 &8 &
o HANE o] & ALAMANE A AAAGZEaY wA. => RAHLIF
ol oF ¥ => F£AF, A <A,
® X-bandE °]&% FIMS dlo]H 4. => FIMSE |83 dAR J5o| 43
o A4 ANUFHAYAAFRE, AFALH AFEE, FIMS F42EAAEE,

S/W AHARE, AFHUTLRE REZ 2§59

(43) 11¥ 139 +8u &
o RAEYRREY 0F FAFE AAANZZIYN uA. => Ay HI3} 244
g o]&3 AEAxAA e FF.
® X-bandE ©] &3 FIMS Heojg $4l. => SPP & °]&% #3258 F4 4%
o 4L ANUFAYYYRNIRE AFAYw AFRE, FIMS AL EAALE,
S/W AEAolns AEdddeze Rz £834

i

(44) 119 159 ¢8u&
o Ao FHAAYN FIMSS SPP7} AAHoz F&3H, Hx9 F4ZE HoEE

A 4E,

(45) 11¥€ 14Y¢ +8Ug
e AAZT =2 7% F7 => AF AL FH7) %
® Ay e 9% FIMS &3
o AX AL ALAAANRE, ANHNFAELYAIRE, AFALT AF BE,
FIMS A4 $E4AMEE, S/W AGAIRE, AEH}ATGL2E RER & H
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A
(46) 114 15¥¢ ~ 199 +&u&

® Ay ed 9% FIMS &3

® AnuiEjed &3 SPP #=

® X-bandE ©]-§3% FIMS dHolg +Al
A A4 ALAAA R, ANASAGIIAANFRE, 25X FT A F BE,
FIMS BAEEEAANRE, S/W AFARE A5RLGRZE F=2 245D
AL

- 323 -



137} HALE o] F Ao A o]PAotslE RE A AHFE FHIEA.

0¥ 2795 E A 27]1L8L 11L9L7HA] AP T oA o)H, o] <t FAAL FEEE
L 9% BE YAEAY AP 2 Aol o)Fo|AA Atk ArIe AN 1599 mAL
Q9 A 9ARE 124] Atolol T, AtE, &F 9ARE 1241714 F AR, & sHFel A
& 43], A4 63 wAlol sHedth FEAVEAA 1599 AL v A= F o 10204
Hd 158 F<F 73t

—

@) AGAe BA
WA} %, BFAA o] AR o) AAAY 274 FA3 FEA HFBAROZR
B 2y AEFAage o 40 Wattglon ol 2718 ZIBE 4 mast &
2 Qe AEolth ST, HFAFAAS
§AFAEFE Aol B Hol2g AAHY, AHLEFo] HWE YAHEE, ¥y
7 Age A&Ho2 AsH o J4 shut-downd ZASAAT A, B3} Aozt
B ER FAA G EA T AAQES e Aol Foat Fared 159 A A2
& S 33 BN HEAEA L wede Wne) L AREAS 2T HPAA
o 27]e4 JIDESG YA EAE BANZ Ho| gl AHolT.
A7) &4 159 YFAAR B AAE HIENFAALSo] HFF ol Fo 45|
Qom, S 35ue} o] +XHe Wit AAHE @aol ol AFHoz ANHA
o 4AZRAR U B8 F A BdRARe] g FAANS FAT F YA

I glE 30 Watt A5 AHARE W53

N
& P

(7}) Solar Array Voltage and Current

<29 3-106> Solar Array A4 +X #ideA AAHE AFE vz Ao
Eclipsedl 4] Sunlit73te2 AFE o £33 22 Solar Array o] FsF Aorid)
g3 AHBZA FAES Ut € HuHo] 50VE AUDrop® dHd 2= 9
g RemA AGANEACNMAE EAF Telemetryol .
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50 - ' ] ' 1

- N NN NN

= INARNEENEANARN '
gginMhU/\UNL/\wNM

20 -
18 3 L l_ L L L__ L L
16
T T ¥ 1
2003-11-13 2003-11-13 2003-11-13

Solar Array Voltage (V)
/
/
T
(o]
(¢) X+ /uan) Aelly lejog

Time

a9 3-106. Solar Array Voltage

(1) %7] Battery Cell Volatge

<a9 3-107>L AY F=3 22719 Battery=E & M9 A 2 299 Bus Current®
etz gk 2golME o 145V7170V 2 BEAHY, o] Time] L2k &3 H43
E ZRD 24 JeuE Aoz AdHy, oA fj@dge LEZAE Fof AFAA
Tim<S Fgdic}, grek o] 9 Agko] A3 o] ofyH OBC S/W ControlAl &A17F = A gL,
ARG Q& 731 le=Z OBC S/W ControlA] £.ZA-E 73t} Control 3 3t
gholE & A7
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—«—Bat Vol
Bus Cur

1.80 : : : ,
1.75 -

1.70-: i ™~ ; / f’\
= SNy

60 / : ! §
HYAVAVAVAVAVAY
1.50%\j \g \ \\) \i, \ \\jg
1.45 ] J J J

1.40
1.35
1.30 -
1.25 ]
1.20 4

115 4

1.10 4 : , ; : :
2003-11-14 2003-11-14 2003-11-14

4
{
3
H

H

Battery Voltage (V)
(¥) weuno sng

I
N

Time

¥ 3-107. Battery Voltage

(t}) Software Control Mode

<29 3-108><& Software Control Alol] Battery A¢t, AF EAL veld Folth
Battery AStS 29V-3BVE A8t 93, EclipsedlA Sunlit7#7te2 A3E o, OBC
S/W Controlell 93] gk 242 AF7F 24t Battery Atol &7t A &4 A
FE AMA3E Zol=9st S/W Control Limitztel X938 © o] Battery9
Overcharge @ ©|223 2% A4S 9rgs) dFAF7/E FHEE BAF31,0BC

S/W Control9] &3to] ZdE& &Ath
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—o—Bat Vot

/ /r’/r/lir/l/l,;m
SRR EEEE
%if\\\\\\\j\ig
S U000

Time

19 3-108. Software Control Mode

(3) AA A B
b Ba TEE 2714 A 8 S(nitial Attitude Capture) 2 A 744 9] Z}A| A o

99 299 o F A Wale] o|Fold thE ¢, A AFE AAAAY =

2 5 5%t o] 21 39S EANE 29, BereddlsE 2ARREH EE
3 3A £ ASHoE FoUyrt 39 F9 £ 22 F 10224 Atz Itk F4
Aoz 4% gFE AAZAMY HolHE FAwe} A% XS Y& 3L H
FAAFRL A A 949 35ARE Sotlle Lol 108 3U7AA oHF
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132|339 415 A A 2= o i} 2003.10.17 e ]
19 Aed FA%EY
] S S -
1337315 BA N2 2 aa o _ 2003.10.17 U5t
° " FAgEU
a5 GSC(G i L5383 s
134 e A SC(Ground Station _‘—-‘1"-;‘_*1:4 -]’35] 9003.10.17 Zet3)
Controller)7§ &t FAs &3
S+ 0 = 11 51 3
135|% 8914415 Network System 70 {_QT_T:}—}?] 2003.10.17 U3
F7Ast&) 3
= 39 o]lAdA BA W 38 9Ad13 393} 813 L
136 2’8339 ol ddd B4 9 HgAdls _i‘—;tw:%—}_il 9003.10.17 B
A A EAE B FAgEY3
_ e Rt —
137339415 AFH A= o : 2003.10.17 Fui5t3]
1z BHH A29 7 5tena
138|73F$1415 MMS(Mass Memory System)]  &=9-5 333 2003.10.17 ke ek
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ks FAg &3]
G9-5715} 3] s
139 |8tel 15 AP o ) 2003.10.17 B
M FA%&u3
2. 5§35 £4 8=
o SNHS H= = 9 =X =E9 Bl 3L
1 K4-PAT-001 |CCD £AE o] §3 W7 e
W g d e
2 K4-PAT-002 |EHEAZAANE = 99.7.30 Wy Em B
A4
AY FARE AAxA &9
3 K4-PAT-003 |3 2H# L G449 ouZa 0= 2001.02 09/785,291
54 34 5% 94
=) & s 3}
4 K4-PAT-004 =A HMEAE o8 dol i 2001.1.9 285967
H AZAA 2 9y
5 K4-PAT-005 [ob @2 28] F 414 = 2001.5.2 295605
k= o Jla= 3l 3
6 K4-PAT-006 sEREAAANRS Xestn o= 2001.6.28 301946
Qe AR FA
ClhaEe Aje 5 A i #]2002-00432
7 K4-PAT-007 3 3_2}_ 8% 23 L= 02.07.23 ]
M EZ2 Feu 31
' BEY AL 14T dHl S #12002-00432
K4-PAT-008 o o 4%
5 N =2 Fauy 1= =es 31
AE9E 5% 2 BAL 9 #12002-00497
K4-PAT-00 i .08.
9 9 & @ A7 Ll 02.08.22 53
AEdd 55 2L 23S 9 ] #12002-00497
4-PAT-01 2=
10| KAPATON 1o g e wy A A 53
A& 3a9 AXALY A
AHE o] 83 7151818 o A 2002~00811
11| KapaTor |SHE clEsd slsherA #= 02.12.18 ]
2 938 94 94 AY !
A BAtE A%
Image Processing Method for
12 K4-PAT-012 |Automatic Image Registration| ©]3* &4 A
and Correction
AA 2xE o) &3 d
13 K4-PAT-013 [A7] 2 =29 ¥ Qa/Z"4 &= 2002.1.23 0323333
e
14 K4-PAT-014 25 39 old 2 g FMA g3 2002.6.11 0341819
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3. End Item Data Package S &

ol 2A We x| = MR | sy
1 K4-AC-EDH-201 [RCU/NC2 AAY 03-03-31
2 K4-AC-EDH-211 |Analog Sun Sensocr{ASS) o] 3 03-03-31
3 K4-AC-EDH-221 |Magnetorquer(MTQR) o] A% 03-03-31
4 K4-AC-EDH-231 |Navigational Magnetometer(NMAG) ol & 03-03-31
5 K4-AC-EDH-241 |[NAST/WIST o g% 03-03-31
6 K4-AC-EDH-251 |CSS o)A T 03-03-31
7 K4-AC-EDH-331 |GPS 27 03-03-31
8 K4-AC-EDS-211  [RCU/NC2 S/W AAY 03-03-31
9 K4-AC-EDS-212  |Magnetorquer(MTQR) S/W S 03-03-31
10 K4-AC-EDS-213  |Star Sensor ROM S/W ks 03-03-31
11 K4-AC-EDS-214 |GPS ROM S/W 27 03-03-31
12 K4-AC-EDS-304 |ADCS S/W old - 03-03-31
13 K4-CD-EDG-301 [NC G/S S/W uz 9 03-03-31

14 K4-CD-EDG-321 |OBC G/S S/W uE g 03-03-31

15 K4-CD-EDH-301 |NC H/W 295 03-03-31

16 K4-CD-EDH-311 |UP H/W LR B 03-03-31

17 K4-CD-EDH-321 |OBC H/W A 03-03-31

18 K4-CD-EDH-331 |MMS H/W ANz 03-03-31

19 K4-CD-EDS-301 [NC S/W ke 03-03-31

20 K4-CD-EDS-311 |UP S/W ubg 5 03-03-31

21 K4-CD-EDS-321 |OBC System S/W T 03-03-31

22 K4-CD-EDS-323  |OBC Payload S/W AT 03-03-31

23 K4-CD-EDS-331 |[MMS S/W AZ 03-03-31

24 K4-GS-EDG-701 |9} 319] 4135 X4 F3A 17 8 03-03-31
A3 A=

25 K4-GS-EDG-703  |#8 15 AT &7 BHAAF | 03-03-31
A)

A7 3,84
09, L.

26 K4-GS-EDH-711 |#}8914135 xA4= GSC H/W ) 03-03-31
Uy, %%,
2d%,44<
278,34

27 K4-GS-EDS-711  |#}891A15 x|A3 GSC S/W 9 w3 o ut 03-03-31
< hin
O EZ/AEH

28 K4-MS-EDH-601 [Mechanical Structure : Mechanical System /R 2 /A Y 03-03-31
/o188

29 K4-MS-EDH-602 jMechanical Structure : Environmental Test AEE/EH R 03-03-31

30 K4-PW-EDH-111 |Solar Panels(SP) YE 03-03-31

31 K4-PW-EDH-121 |Battery e 03-03-31

32 K4-PW-EDH-131 |SPR AL 03-03-31

33 K4-PW-EDH-141 |PSU1 dH 5 03-03-31

34 K4-PW-EDH-151 [PDU 439 03-03-31

35 K4-PW-EDH-161 |BM/Pyro AR 03-03-31

36 K4-SS-EDH-501  |Optics & Mechanics T34 03-03-31

37 K4-SS-EDH-511  |[Electronics (DSP, HK, DET) o]t 03-03-31
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AAAAAE

38 K4-SS-EDH-521  |SST . 03-03-31
/34 o}
39 K4-SS-EDH-531  |ESA SE K 03-03-31
40 K4-SS-EDH-541  [LP ol A A/7) 3 F| 03-03-31
41 K4-SS-EDH-551  |SMAG ol AR/ 8 F| 03-03-31
42 K4-TS-EDH-411 |UHF Tx a7 wl 03-03-31
43 K4-TS-EDH-421 |VHF Receivers © X% 03-03-31
44 K4-TS-EDH-431  {S-Band Transmitter (Tx-2 & 3) o]l A 03-03-31
45 K4-TS-EDH-441  |S-Band Receiver o4 03-03-31
46 K4-TS-EDH-451 |X-Tx Cazhill 03-03-31
47 K4-TS-EDH-461  |Antenna uEl 03-03-31
48 K4-TS-EDH-471 _ |Modulator 1 AL 03-03-31
49 K4-TS-EDH-472  |Modulator 2 A& 03-03-31
50 K4-TS-EDH-403  |Demodulator 2AL 03-03-31
51 K4-TS-EDH-481 |DCS o] -7 03-03-31
4. WS Jls2M 55
7t ZAAA A o] A~
EANE A =5 244d 22
K4-AC-INM-801 dFAE Bol =gk 1998-10-26 (A=
K4-AC-INM-802 AR AR FRAH 1998-11-10 |HE
K4-AC-INM-803 AAAANE AL F2 g 1998-11-26 |48 A
K4-AC-INM-901 D1 7idhiig 2 94 1999-01-12 |33
K4-AC-INM-902 B9 FAA ML T 1999-01-28 |43 %
K4- AC-INM-903 FIEH(E 3 £4) 4 1999-02-23 |43 &
K4-AC-INM-904 7183} A ( Star Sensor) 39 1999-02-26 {3 A
K4-AC-INM-905 D1 A% 94 A 1999-03-02 | 432
K4-AC-INM-906 Harness 4] #73 < 1999-04-13 |73 ¥ A
K4-AC-INM-907 GPS Data to Keps Conversion 1999-04-26 |44
K4-AC-INM-908 PPT AZA¥2d /a4 3= 1999-05-24 |3 ¥
K4- AC-INM-909 A7loka A7 /|23 e 1999-06-17 |43 A
K4-AC-INM-2000-001 (#3191 41% 335 ACY Algy Wy 2000-05-18 |24 &
K4-AC-TEM-901 234 Ax 1999-01-06 |AH A
K4-AC-TEM-902 Mission Overview of NAST{Narrow Angle Star Sensor) | 1899-01-13 |o18 %
K4-AC-TEM-903 Payload Description - NAST(Narrow angle Star Sensor) | 1999-01-13 |°] &%
K4-AC-TEM-904 ETB NMAG PCB Design 1999-01-26 |01 &
K4-AC-TEM-905 S99 159 S 1T eclipse F7198 AL 1999-01-28 [o] & $-
K4-AC-TEM-906 A4 E F24 1999-01-28 |24 %
K4-AC-TEM-907 TZ%439 ADCS #4 1999-02-01 |33
K4-AC-TEM-908 CSS 71& A7 1999-02-01 [e] 4 &
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K4-AC-TEM-909 TF2A g4 g ADCS Review 1999-02-12 (73
K4-AC-TEM-910 F&A Z4o] g ADCS Review II 1999-02-19 |H3A
K4-AC-TEM-911 ADCS Architecture #]3F 1999-02-26 |7 H =
K4-AC-TEM-912 B A} A WA < 1999-03-15 {#A¥A
K4-AC-TEM-913 Orbit Transfer from LEO to GEO by EP 1999-03-23 [¥38 &
K4-AC-TEM-914 ADCS Architecture 7 <t 1999-04-19 |A¥=A
K4-AC-TEM-916 ADCS Top Level Requirement List 1999-05-03 (A=A
K4-AC-TEM-917 ADCS Thermal Requirement List 1999-05-04 |29
K4-AC-TEM-918 RFA A3 Q9% 1999-05-18 |#¥=
K4-AC-TEM-919 RFA Z3 RFA-1 1999-06-02 |# A
K4-AC-TEM-920 K4SDR-A1-064 A2 d % (MTQR Telemetry) 1999-06-28 |{#¥ A
K4-AC-TEM-921 K4SDR-AI-066 €4 % (NC2 PCM) 1999-06-28 |H =
K4~AC-TEM-922 KASDR-AI-067 A& 23 (24 ARE) 1999-01-20 |0} @S
K4-AC-TEM-923 K4SDR-AI-063 A2 43 (K3 &4) 1999-06-30 |AH A
K4-AC-TEM-924 Fhulet @Ajo] g W3l 24 1999-07-15 (A3
K4-AC-TEM-925 Harness 94 wix = 1999-08-27 |#¥A
K4-AC-TEM-926 RCU Kick-off Metting Questions 1999-12-14 | A
K4-AC-TEM-2000-001 {K3 MTQR 87C51 ROM Software Found 2000-01-26 |9 3%
K4-AC-TEM-2001-001 |K-4 Atxjolg] 228 zAt 2001-01-16 |o]&8-¢
K4~AC-TEM-2001-002 |MTQR Program 24 2001-02-13 |14 &
K4-AC-TEM-2001-003 |[NMAG 91X ¥#7A¢ g 3z 3 2001-02-12 [°]3 %
K4-AC-TEM-2001-004 [EM& 2 E4tx AAA7 2001-02-14 |o]l 4 &
K4-AC-TEM-2001-005 [MTQR X9 ON_OF ¢ 3443} &g 2001-02-15 |o]8 &
K4-AC-TEM-2001-006 |73} 9}41% ¢ NC2 RCU Command Protocol(V1.0) 2001-02-15 |o]&$¢
K4-AC-TEM-2001-007 | %39 413¢ MTQR Command Protocol 2001-02-15 |o]&8$
Kd~ AC—TEM-2001-008 %—‘avg 339 "%? dol A Bid EAH A B A 2001-02-17 o189
159 wrdg Agt
K4-AC-TEM-2001-010 |[K4 EM 438 A% 2001-02-20 |°]A4Z
Kd-AC-TEM-2001-011 i:f; NMAG, MTQR Module QM A AA] wrjs]ojof & 2001-03-12 |14 %
Kd-AC-TEM-2001-012 1:}0; NC2, PSU2 Module Box QM A A|A] wtd gojof & 2001-03-14 |71 412
K4-AC-TEM-2001-013 {NC2 S/W Description 2001-03-19 {ZA A Y
K4~AC-TEM-2001-014 [ztAj#A]o] Elo]r] QJEHE $§ %4 2001-04-13 |o] &<
K4-AC-TEM-2001-015 [NC #& 34 #®74 a3 2001-04-20 |o1&¢
K4-AC-TEM-2001-016 |NC28t PSU29 oat¢= 2o #3 8§84 ¥4 8% 2001-04-20 |o1@$-
K4-AC-TEM-2001-017 [GPS¢} MTQR 91X W73 8% g A guA 2001-04-20 |o18$
K4-AC-TEM-2001-018 [ Alx 2] S/NH] o] 2001-04-24 o] 3 $-
K4-AC-TEM-2001-019 |NAST, WIST, MTQR, GPS 28V Inrush Current ZE 2001-05-25 |o]&8-¢
K4~-AC-TEM-2001-020 | CSS for QFM A A A ¥k jojof & A1y 2001-05-28 o] &
K4~ AC-TEM-2001-021 S}S; NMAG, MTQR Module QM HAA] wrdHojof & 2001-03-12 |01 45
K4-AC-TEM-2001-022 |Star sensor o} Wi dxoigd &4 AY A& 2001-06-04 |o] @<
K4-AC-TEM-2001-023 [NC2, RCU ¥ PSU29¢] GND dZ24d #3438 2001-06-07 |2 MY
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K4-AC-TEM-2001-024 |GPS Module Box *d7 A}8} 2001-06-08 |A3E
K4-AC-TEM-2001-025 [NC2 REux A4 A g4 94 83 2001-04-20 [o]@$
K4-AC-TEM-2001-026 |®¥7+A]7) Baffle AA Wy 2001-06-11 |°] &
K4-AC-TEM-2001-027 |CSS Calibration Jig A2 2001-06-14 |o}4 3
K4-AC-TEM-2001-028 |[RCU, NC2, PSU2 Module Box QM A A 3|9 & 2001-06-18 (A A Y
K4-AC-TEM-2001-029 [CSS QM Azt w& mjAbat 2001-06-28 |14 &
K4-AC-TEM-2001-030 {PSU2 QM Module Box 474 @73 23 2001-07-04 | MY
K4-AC-TEM-2001-031 |[CSS module name ¥7 A ¥ 2001-07-12 |olAd =
K4-AC-TEM-2001-032 |Gyro Reset 32 #7314 & 2001-07-19 (A AL
K4-AC-TEM-2001-033 {[RCU/NC2 Command Protocol R.¢+834 2001-07-19 |[AAY
K4-AC-TEM-2001-034 {Gyro Communication Line 32 ¥ 7 2001-07-19 |AAQ
K4-AC-TEM-2001-035 |[RCU Rx Line 3 & W7 2001-07-20 |AA<
K4-AC-TEM-2001-037 [PSU2 32 ¥7 2 Test Result 2001-08-28 |BAY
K4-AC-TEM-2001-038 [NC2/Up 32 ¥73 23 2001-09-11 [AAY
K4-AC-TEM-2001-039 [NC2/down 32 W7 8% 2001-09-12 A MY
Kd-AC-TEM-2001-040 I;I&CZ/UD 32 W7 2%, NCZ/Down PCB Placement X 2001-09-18 |22
K4-AC-TEM-2001-041 |CSS F+Z%¥7% For QM PCB 2001-10-05 |°l4 %
K4-AC-TEM-2001-042 [MTQR 3]& #7 For QM PCB 2001-10-05 |01 3
K4-AC-TEM-2001-043 [SMAG DATA FORMAT # 9| 2001-10-06 |o18$-
K4-AC-TEM-2001-044 [ADCS COMPONENT TRAFFIC %A} 2001-10-11 |o]&$
K4-AC-TEM-2001-045 |RCU/NC2 Communication Protocol 2001-10-16 |BAQ
K4-AC-TEM-2001-046 {MTQR Coil Specification for K4 2001-12-11 [°]A4 %
K4-AC-TEM-2002-001 [NC2 Down 312 ¥#7 &% 2002-01-24 |BAY
K4-AC-TEM-2002-002 [NC2 , PSU2 PCB ¥ 2% 2002-01-24 |[AALQ
K4-AC-TEM-2002-003 [NAST, WIST #3d 34 %73 23 2002-01-30 (o1& ¢
K4-AC-TEM-2002-004 [NC2 Down 3}2 ¥7 CCB 3¢ 4% 2002-02-07 |[AAY
K4-AC-TEM-2002-005 [NAST, WIST #+z ®7 2002-02-07 |ZAY
K4-AC-TEM-2002-006 |#8914135 ¢ NC2 RCU Command Protocol (V2.0) 2002-11-21 ;}Oj" ®
olas, 2
K4-AC-TEM-2002-007 |389 41359 NC2 RCU Command Protocol (V2.1) 2002-11-21 A
K4-AC-TEM-001 |EM-& ASS AzZd3} B3 2000-01-22 | o143
K4-AC-TEM-003 |ASS && &34 2000-02-02 ojd %
K4-AC-TEM-003  |ASS && &3 2000-02-02 | ©lAd3E
K4-AC-TEM-017 |23 YUE ASS AR 98 2434 32 A% 2000-07-15 | ©]43%
K4-AC-TEM-026 |CSS Program 24 2000-09-02 ol %
K4-AC-TEM-033  |CSS¢] FOV ¥ wtA 3 Z= A4t 2000-10-21 | °|A4%
K4-AC-TEM-034 |NMAG CDR #& 2000-11-06 | <43
K4-AC-TEM-035 |CSS CDR & 2000-11-06 | ©jA%
K4-AC-TEM-036 |ASS CDR #& 2000-11-06 | ©]4d%
K4-AC-EMT-004 |ASS 4 A3 2000-03-18 | ©lAE
K4-AC-EMT-005 |EM$& ASS A& d3 2000-04-03 | ©jAE
K4-AC-EMT-006  [AIT4 ASS Test Procedure 2000-05-09 A
K4-AC-TEM-043  [PDR #H| #& VI (Sun Sensor) 2002-09-11 | °}4%
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K4-AC-TEM-050 |PDR 23 & (Sun Sensor) 2002-10-01 | oj4®
K4-AC-EMT-010 |EM AIT% CSS Test Procedure 2000-10-23 old3s
K4-AC-EMT-011 |EM AIT-% NMAG Test Procedure 2000-10-31 | °]A %
K4-AC-TEM-702 [PFM£ CSS 2001-04-10 | o4 =
K4-AC-TEM-767 |NMAG FM PART LIST 2001-11-07 | o4
K4-AC-TEM-768 |NMAG FM CALIBRATION DATA 2001-12-24 | o4 ®
K4-AC-TEM-802 |ASS FM CALIBRATION DATA A ¥ 2002-02-26 | ©lA=
K4-AC-TEM-806 [NMAG Resolution %3 2002-04-03 | °l4%
K4-AC-TEM-807 |MTQR On-Board S/W 2002-04-29 | 4%
K4-AC-TEM-809 |MTQR Wire Size 2002-05-15 | o4&
K4-AC-TEM-810 |NMAG &#E ¥ 7 2002-06-22 | °|4%
K4-AC-TEM-811 |MTQR Polarity Check Procedure 2002-07-16 oz
K4-AC-TEM-812 |9XF A3 AIT #3 (FA204) 2002-07-24 | °l4%
K4-AC-TEM-813  [43F A3 AIT @3} (FA205) 2002-07-24 | o433
K4-AC-TEM-814 |MTQR/NMAG Polarity Check Procedure 2002-09-11 | o4 %
K4-AC-TEM-815 |FM Spare &-& 2002-09-22 | olAZ
K4-AC-TEM-817 |FM Spare Module & % ZA} 2002-09-22 | olAZ
K4-AC-TEM-819 |SES ZA 42 A% AY #d = 2002-10-15 | |4 %
K4-AC-TEM-820 |$21'84% AAAR AMEFAEEF 2002-10-22 MicES
KA-AC-TEM-821 |ASS EFT Final Review 2002-11-12 | oA =
K4-AC-TEM-822 |{CSS EFT Final Review 2002-11-12 MR
K4-AC-TEM-823 |NMAG EFT Final Review 2002-11-12 | ©lAZ
K4-AC-TEM-826 |Final EFT Review - Star Sensor(ADCS S/W) 2002-11-12 olgd %
K4-AC-TEM-827 |Final EFT Review (MTQR S/W) 2002-11-12 | ol %
K4-AC-TEM-828 |Final EFT Review (NC4) 2002-11-12 | °lA%
K4-AC-TEM-901 |ASS A1g4A 2002-01-04 | oA %
K4-AC-TEM-902 [NMAG A& A4 2002-01-05 | olAZ
K4-AC-TEM-903 |CSS A &A% A 2002-01-06 | °]4%
K4-AC-TEM-904 |ADCS Test Program A% 2002-01-14 o]z
K4-AC-TEM-905 |[MTQR ZAL% A1g 2002-01-20 R
K4-AC-TEM-906 |%7] A= R &4 2002-03-05 | o|4d%
K4-AC-TEM-9%07 |AAA°|% FRR FH A= 2002-03-06 | °l4¥%
K4-AC-TEM-908 |FRR A3 & A¥ (FR140) 2002-04-03 | °]¥%
K4-AC-TEM-91¢ (K4 Back-up Redundancy Module 2002-04-06 ol T
. AFE E diojy Ay Al&d™
FAWE A % 49 | Ayx
K4-CD-INM-901 ;;@s‘z} ltemel W& FPGA § 471€ A48 A58 ¥ aw | 1o
K4-CD-INM-902 ’;e:metry/Telecommand % viot 9 bl g JFA 1999-01-12|w w2
K4-CD-INM-903 Integrated Avionics Unit 7|2 A& 1999-01-13 |2+ 72+
K4-CD-INM-904 OBC2 S/W : S/W Requirement for OBC186 1999-02-02| A g 2
K4-CD-INM-905 OBCI186 S/W 74 4% Q%A 1999-02-06{% e} =
K4-CD-INM-906 K4 OBC&NC Interface line 1999-08-20| 3 &
K4-CD-INM-908 Test Serial line Interface with Separate Ground 1999-10-16|8 &
K4-CD-INM-909 K-4 Interface Recommendation 1999-09-16)8 =&
K4-CD-INM-2000-001 [MTC Debugging Schedule 2000-02-23 [ vl A
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K4-CD-INM-2000-002 |K4PDR-A59 o} 3 314 2000-02-26| 1 ¥ =
K4-CD-INM-2000-003 [#3t914 152 CD® QM, FM A&n o4 (2b) 2000-05-18|23 74
K4-CD-INM-2000-004 |K4PDR-A3¢} w3t s}4d 2000-02-26| A ¥-&
K4-CD-INM-2000-005 |[K4PDR-A440] W& &2 2000-02-26{ A & &
K4-CD-INM-2000-006 |K4PDR-A45¢] tlg &3 2000-02-26|4 3%
K4-CD-INM-2001-001 |NC 1, 2, 3 QM AA 3|95 2001-05-22|F 3 &
K4-CD-INM-2001-002 |3}8r914 15§ Z85C3010MB 3% Fw 414 2001-06-22| A&
K4-CD-TEM-901 ACTEL FPGA Radiation 5% 1999-01-28|% A 2
K4-CD-TEM-902 979 45 OBC Processor A3 Trade-off 1999-04-15{4 A4 2
K4-CD-TEM-903 Action for RFA-22 1999-05-21|1434 &
K4-CD-TEM-904 K4SDR-AI-047 1999-06-29(4 94
K4-CD-TEM-905 K4SDR-AL-055 1999-06-29| 4 &
K4-CD-TEM-906 K4SDR-AI-056¢] 812 1999-06-29( 4 @
K4-CD-TEM-907 KASDR-AI-057¢] #24 1999-06-29| 3 <&
K4-CD-TEM-908 KASDR-AI-058¢) 312 1999-07-01|8 4 2
K4-CD-TEM-909 KASDR-AI-059¢] 32 1999-07-01{ 343 2
K4-CD-TEM-910 KASDR-AI-060¢] 312 1999-07-01|3 A4 <
K4-CD-TEM-911 K4SDR-AI-0619] 312 1999-07-01{3 3 &
K4-CD-TEM-912 KASDR-AI-0629] 32 1999-07-01|4 4 &
K4-CD-TEM-913 K4SDR-AI-069¢] 312 1999-07-01{A A3 &
K4-CD-TEM-914 KASDR-AI-070¢] 312 1999-07-01| 33 2
K4-CD-TEM-915 K4SDR-AI-071¢] &2 1999-07-01| 34 <
K4-CD-TEM-916 K4SDR-AI-072¢9] 332 1999-07-01 (R4 &
K4-CD-TEM-917 K4SDR-AI-073¢} 312 1999-07-01|F A3 2
K4-CD-TEM-918 K4SDR-AI-0749] ]2 1999-07-01{F A<
K4-CD-TEM-919 KA4SDR-AI-075¢] &2 1999-07-01{R A 2
K4-CD-TEM-920 KASDR-AI-076¢] 312 1999-07-01{4 4 2
K4-CD-TEM-921 K4SDR-AI-077¢] #12 1999-07-01 [ R A2
K4-CD-TEM-922 K4SDR-AI-0782] #4 1999-07-01|3 3 2
K4-CD-TEM-923 K4SDR-AI-0799] &2 1999-07-01 (A3 2
K4-CD-TEM-924 K4SDR-AI-080¢] a2 1999-07-01|34 <
K4-CD-TEM-925 K4SDR-AI-0819) 312 1999-07-01{4 4 2
K4-CD-TEM-926 K4SDR-AI-082¢] 312 1999-07-01 |33 2
K4-CD-TEM-927 K4SDR-AI-083¢] 34:d 1999-07-01{ 343 2
K4-CD-TEM-928 KASDR-AI-0849] #4&d 1999-07-01{3 3 &
K4-CD-TEM-929 K4SDR-AI-0859] #d 1999-07-01 |3 A 2
K4-CD-TEM-2000-005 |K4PDR-A179] gt a2 2000-02-29| 4 &
K4-CD-TEM-2000-006

K4-CD-TEM-2000-007 {K4PDR-Acrion Item-30 3] 2000-02-28| 27 2
K4-CD-TEM-2000-008 |K4-PDR Acrion Item-40 g 2000-02-28| 77
K4-CD-TEM-2000-009 |K4-PDR-Acrion Item-42 #] 2 2000-02-28|73 73 2
K4-CD-TEM-2000-010 [K4-PDR-Action Item-2 & 2000-03-06| 43
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K4-CD-TEM-2000-011 |K4-PDR Acrion Item-35 A ] 2000-03-06{4 <4
K4-CD-TEM-2000-012 |K4-PDR-Al5°] tjg 343 2000-03-15|34 2
K4-CD-TEM-2000-013 {K4PDR-A39 2000-03-17| v}/
K4-CD-TEM-2000-016 |#391315 9 ofej@159] o &% w2 A28 63 2000-03-24|3 4 2
K4-CD-TEM~2000-017 {OBC and Communication Protocol 2000-03-28| 84 &
K4-CD-TEM-2001-001 Telecomand & Telemetry Port Allocation for KAISTSAT-4 2001-06-16] 2 T+
(Ver 1.5)
K4-CD-TEM-2001-001 Telecomand & Telemetry Port Allocation for KAISTSAT-4 2001-07-06| % e =
(Ver 1.6)
K4-CD-TEM-2001-001 Telecomand & Telemetry Port Allocation for KAISTSAT-4 2001-07-10| e 2=
(Ver 1.7)
K4-CD-TEM-2001-001 |Telecomand & Telemetry Port Define for KAISTSAT-4 2001-05-08| 2. dl 4~
K4-CD-TEM-2001-001 ;I;Zicc;??nd & Telemetry Port Define for KAISTSAT-4 2001-05-08] 2.t
K4-CD-TEM-2001-001 ;I;?iiciil;ind & Telemetry Port Define for KAISTSA’I? 4 2001-05-11| 2 &%=
K4-CD-TEM-2001-001 Telecomand & Telemetry Port Define for KAISTSAT-4 2001-05-24| 2 e =
(Ver 1.2)
K4-CD-TEM-2001-001 ;I\‘;a(l;cif;?nd & Telemetry Port Define for KAISTSAT-4 2001-05-29| & 2=
Kd-CD-TEM-2001-001 Telecomand & Telemetry Port Define for KAISTSAT-4 2001-05-291 ¢ e
(Ver 1.4)
Kd-CD-TEM-2001-001 '(I;;eiiccizlind & Telemetry Port Define for KAISTSAT-4 2001-06-13| 2 1%
K4-CD-TEM-2001-002 |FPGA Pin Assignment for KAISTSAT-4 NC 2001-04-27| &9
K4-CD-TEM-2001-003 |NC Module®] Power Switch Name¢] ¥ I3} 2001-05-08| 2. <=
K4-CD-TEM-2001-004 |NC 1, 3, 4 Power Line & 57} €84 2001-05-21 2.t}
K4-CD-TEM-~2001-005 |2%"% Power Line A d 2001-05-22| /&
K4-CD-TEM-2001-006 |NC$} Subsystem 3} Power Line WjX % 2001-05-23| 2. <
K4-CD-TEM-2001-007 |OBC Board 44 ¥# 2001-05-24| &
K4-CD-TEM-2001-008 |PSU1-NC, BM-NC %} Power Line 8}3] 2001-06-26| 2.t
K4-CD-TEM-2001-009 |A4=& 23 OBC A3k 434 2001-05-31 %% 4
K4-CD-TEM-2001-010 |}z &2& w14 2001-05-31|9%%3
K4-CD-TEM-2001-011 |[NC Module Analog Telemetry Sampling 3] 2 ¥4 2001-06-02| 2t 4
K4-CD-TEM-2001-012 {NC Performance &4 2001-06-04|4} A3 4
K4-CD-TEM-2001-013 |OBC Up/Down I/O Congiguration 2001-06-08 {73+
K4-CD-TEM-2001-014 |NC interrupt € % Frame A4 8 AA T B4 2001-06-28|+ A 4=
K4-CD-TEM-2001-015 [NC-Subsystem %4l Protocol (Ver 1.41) 2001-09-14|F 4 &
K4-CD-TEM-2001-016 |NC Network Token<] #z wel Eo] 44 W& 2001-07-05|4+4d 4
K4-CD-TEM-2001-017 {OBC Uplink & MUX &% 4¢t 2001-07-23|F3&
K4-CD-TEM-2001-018 |XON/XOFF Test Z 213 Al& AwA 2001-07-11{ 3 ¢
K4-CD-TEM-2001-019 |NC Software Timer A A 2001-07-11{93
K4-CD-TEM-2001-020 {NC1 Uplink/Downlink Configuration 2001-09-05| . <
K4-CD-TEM-2001-021 |OBC-NC2 Link Configuration 7% Z2j¢t 2001-09-05| 3%
K4-CD-TEM-2002-001 |NC Software Specification Document 2002-01-21 |9t A &
K4-CD-TEM-2002-002 |NC Module FM 7§ Z& 9% CCB < 2002-01-25| 2. A
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K4-CD-TEM-2002-003 |CCB @3} - Reset Circuit 2002-02-28| . i 5=
K4-CD-TEM-2002-004 |CCB 43 - FPGA Code ¥7 2002-02-08| .
K4-CD-TEM-2002-005 [CCB 23 - Serial Interface Resistor &3 2002-02-18| .t
K4-CD-TEM-2002-006 |{CCB 23 - Uplink Processor PCB Layout &% 2002-02-08| 2. i
K4-CD-TEM-2002-007 |CCB A3 - EDAC, Memory Switch ¥4 2002-02-21| 2 d
K4-CD-TEM-2002-008 |NC5 Token Manager Backup 7|% T8 HE 2002-02-26{4+4 4
o 1 AL Al Ax
K4-CD-TEM-2002-009 I;I]C_,S/W 9] Internal memory External memory A& Al A% 2002-02-2621 4 %=
RHA
K4-CD-TEM-2002-010 |Subsystem 2t Serial %4l Interface 2002-02-19

K4-CD-TEM-2002-011

FM 29 32 973 - §4 &dd A2AY 37}

2002-02-20

K4-CD-TEM-2002-012

FM 29 3=z ¥ - 39 493 50 uFE 9% Space X

2002-02-20

K4-CD-TEM-2002-013

FM 29| 3|2 W7 -OBC Reset 3|32 HE

2002-02-20

K4-CD-TEM-2002-014

FM 2¢] 32 W7 - Watchdog Enable/Disable 32 AE

2002-02-20

K4-CD-TEM-2002-015

FM 29 3|2 #7% - EDAC Enable/Disable

2002-02-20

o | o | <o | o o [ A

K4-CD-TEM-2002-016

A3 13 MMS QM CCB 3¢ A3

2002-02-20

o

K4-CD-TEM-2002-017

OBC & MMU S/W Interface

2002-03-04

ol

K4-CD-TEM-2002-018

OBC - Subsystemn Code Uploading Protocol

2002-09-02

K4-CD-TEM-2002-019

Primary NC1¢ OBC %4} 715 Bd

2002-04-08

K4-CD-TEM-2002-020

NC ~ Subsystem %4l Protocol (Ver. 1.51)

2002-03-27

o |ox o2 |10 [0 [ox [ox [oX [ox [ox [

EIEIE AR A IR ES

fi
K4-CD-TEM-2002-021 |#38914d 1& QM CCB 39 ¢ (OBC /W) 2002-01-22(ZA ¢
K4-CD-TEM-2002-022 |[NC VHDL Code Review 2002-03-29] 2.9}~
K4-CD-TEM-2002-023 |Uplink Processor 43# 3 9% 2002-04-01{ 2 A<=
K4-CD-TEM-2002-024 [NC Network %4l Error ¥4 4] A& #el why 2002-04-04|2 3
K4-CD-TEM-2002-025 {NC5 80C251 Radiation Test Result 2002-04-10;4H3 4
K4-CD-TEM-2002-026 {OBC1, OBC2, NC1, 3, 4, Uplink Processor &3 39 & 2002-04-24| U4~
K4-CD-TEM-2002-027 |{OBC Downlink Configuration 2002-05-15[F 4 &

NC S/W Nwtwork $&8-& £% CRC19% Check sum®} A4t

K4-CD-TEM-2002-028 2w 2002-05-15|ar 4
K4-CD-TEM-2002-029 |OBC 7] WOD A& ¥4 2002-06-25|f+ 4 &
K4-CD-TEM-2002-030 Telecommand & Telemetry Port Allocation for 2002-11-25|.2
KAISTSAT-4 (Ver 2.0)
K4-CD-TEM-2002-031 {OBC %/4*4l NC Frame Log File 34| 2002-09-02 |3
K4-CD-TEM-2002-032 |[NC Network$] OBC 2 2002-09-03|#3%
K4-CD-TEM-2002-033 |Payload Data of MMS OBC Protocol 2002-09-27(A 1 &
K4-ICDR-AL-001 #3944 13 Action Item ICDR-001¢] cig ]2 2001-04-12 iﬂli{k <
K4-ICDR-AL-002 #8904 1% Action Item ICDR-00291 oj& #2 2001-05-29| L. A&
K4-ICDR-AL-003 #3 Y 4 1% Action Item ICDR-003] w§ A 2001-06-16| . 4
K4-ICDR-AL-004 #H3r 94 13 Action Item ICDR-004°) =2i& 34 2001-05-29( 2 ¥4~
K4-ICDR-AL-005 78 9)4 15 ICDR Action Item 00591 oh3 el 23 2001-06-02| L2 d <~
K4-ICDR-AL-006 #8914 15 Action Item ICDR-006¢] ti& 3|2 2001-06-02{ 3%
K4-ICDR-AL-007 #4894 1% ICDR Action Item 0079 W& A& d#} 2001-06-02{4}44 %=
K4-ICDR-AL-008 8t9)43 1% ICDR Action Item 008 digh A= 2= 2001-06-08]-f-3
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K4-ICDR-AL-009 #}3t94 15 ICDR Action Item 009} ©ig A& A= 2001-05-31{& 43 %
K4-ICDR-AL-010 7594 135 ICDR Action Item 010°] W3 X8 23 2001-04-13| &34 %
K4-ICDR-AL-011 #8914 13 ICDR Action Item 0119 W@ 2 Z7 2001-05-09(-F-7d&
K4-ICDR-AL-012 #3994 13 ICDR Action Item 01201 i 2 A= 2001-04-13| 744+
K4-ICDR-AL-013 78+9)4 135 ICDR Action Item 0139 )3 2] d 2001-04-13 |23 ¢
K4-ICDR-AL-014 518914 13 ICDR Action Item 014 i3 x& A7 2001-06-11 |77 %
K4-ICDR-AL-015 894 1% ICDR Action Item 0159 o9& X2 A7 2001-05-04|F3 %
K4-ICDR-AL-016 7 8r9]Ad 135 ICDR Action Item 01691 thg & A3} 2001-04-13{F3 4 %
K4-ICDR-~AL-017 #3894 135 ICDR Action Item 0179] th3 A2 A3} 2001-05-14|343 ¢-
K4-ICDR-AL-018 7894 13 ICDR Action Item 0189 ©idh X2 A= 2001-04-16|=44 %
K4-ICDR-AL-019 7}8r9] 4 13 ICDR Action Item 019°] i3 2 d#} 2001-04-17|F-3 5
t}. DS
EAAZE A4 =B 2439 24 2}
K4MDS:OBO’II‘R_2001 33 ITR WE 23 33X 2001-07-03 o] %7
K4—DS:(I)30T2R_2001 Utah small satellite 3+3] 34 B34 2001-08-23 | °| 47
K4-DS-INM-901 VeriBest PCB 1% 1999-01-25 A4
K4-DS-INM-902 PCB 4 44 2 7o 24 1999-03-25 CIChL
K4-DS-INM-903 The Requirement of Using Veribest 1999-08-16 bRl
K4-DS-INM-2001-001 |&5 ITR %% 9% 2001-07-06 °] -2
K4-DS-INM-2001-002 ZF ITR W& 33 HiA 2001-07-23 o] +7
K4-DS-INM-2001-003 |DCS /¢ dA 2001-09-28 °]-$7
K4-DS-INM-2001-004 DCS /Mgd= 2001-09-07 o] $-7
K4-DS-INM-2002-001 FF ITR & Az wiA 2002-09-10 o] $-7%
K4-DS~-TEM-901 7] 87 (Data Sheet Collection)?] 438 23} 1999-01-05 A4
K4-DS-TEM-902 NMAG PCB Design(Proto-type) 1999-02-04 A4
K4-DS-TEM-903 PTU(Primary Telemetry Unit) PCB Design(Proto-type) 1999-04-23 A4
K4-DS-TEM-905 PTI PCB Design/Prototype 1999-06-08 A4
K4-DS~-TEM-2001-001 |DCS Action item 2001-03-31 oj-+7
K4-DS-TEM-2001-002 |DCS Inruch Current ZA} 2001-05-22 ol ¢4
K4-DS-TEM-2001-003 |DCS I/F card power supply &7¢ 2001-05-28 o] 7
K4-DS-TEM-2001-004 |DCS®} #89]41359] interface specification Ver 2.1 2001-03-19 o] -7
K4-DS-TEM-2001-005 |3#}& 94313512 9} DCS operation °j 44
K4-DS-TEM-2001-006 |DCS A}Y &% @3 »1 2001-03-27 °o]-$-7%
K4-DS-TEM-2001-007 [DCS <€ sl Jl= Az ¥-F 2001-03-31 o] ¢7
K4-DS-TEM-2001-008 |{DCS OBC ¢ H3#lo]A T4 A 2001~06-07 0] 97
K4-DS-TEM-2001-010 {DCS Harness % 9] 2001-06-08 o]-9-7
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Ver 2.0

K4-DS-TEM-2001-011 |DCS Code Upload TZEE A9 2001-06-14 ol 97

K4-DS-TEM-2001-012 |DCS-MMS djolg] 4 ZZ2EZ MY 2001-06-20 o] -$-7

K4-DS-TEM-2001-013 |DCS mechanical interface 2001-06-22 o] -%-7%

K4-DS-TEM-2001-014 |A review of DCS development for KAISTSAT-4 2001-07-24 o] 97

K4-DS-TEM-2001-016 |DCS 7]&<t Fn} 2001-11-09 o] $-7
ATLel A FLo] ;5 MEth -

KA4-DS-TEM-2002-001 DSSIF ¢ #3943 9] interface FRA efinition 9002-06-20 o127

Ver 15

K4-DS-TEM-2002-002 |DSSIF$} 338914 ] Code Upload Protocol 2002-08-05 0]-$-74
e A i ME Definition -

K4-DS—TEM-2002-003 DSSIF ¢ 3439143 79 interface FRA efinition 2000-08-12 o] %7

K4-DS-TEM-2002-004

DCS Mission Operation Description - CONOPS

2002-08-26 o

K4-DS-TEM-2002-005

DCS hamess 4

]
2002-09-10 o]

K4-DS-TEM-2002-006

DSSIF ¢ #8931 9] interface FRAME Definition
Ver 2.2

2002-09-11 °]

K4-DS-TEM-2002-007

DSSIF ¢t #8914 79] interface FRAME Definition
Ver 2.3

2002-10-14 o]

K4-DS-TEM-2002-008

#8415 DCS §A49 &4 manual

2002-10-18 o]

K4-DS-TEM-2002-009

DCS MT Test Report

2002-11-25 o]

g 71AFE 2 EA AN&"

Ak A = 134 237
K4-MS-BTR-902 Ad¢-F4TE 23 LA 1999-05-26 [o] 4 &
13th Annual Al £ Small
K4-MS-BTR-903 3t . nm_xa AA/USU Conference on Sm 1999-09-01 | a3

Satellite 241 51
K4-MS-INM-700 Fe-AAAAL 18K 27 2 A% FF 1997-06-21 (2 g <&
K4-MS-INM-801 Fz 2 gdAlolg 3% 1998-11-09 [F 4%
K4-MS-INM-802 K4 WBS-7% 2 gAoig 1998-11-09 |4 &
K4-MS-INM-803 K4 d2-32 2 gajold 1998-11-09 [F4 &
K4-MS-INM-804 59 #A¥E Upgrade 8.3AM% 1998-11-12 (Fd &
K4-MS-INM-805 AFH 7o &3 1998-12-30 |B 4 &
K4-MS-INM-901 et 159 JFAY - 97 58 1999-01-13 {Fd <
K4-MS-INM-902 K4 Subsystemel] gt Ax.aH 1999-03-10 |A 2«

K4 JEA 28 2% 24 2 4% A g AW
K4-MS-INM-903 N %1 ] 4% b e A 1999-05-04 |4 A3
K4-MS-TEM-901 et 150l 7] AN aFHE AR E 1999-01-22 (W44
K4-MS-TEM-902 F5H91A3 159 T2 FALH 1999-01-30 {#1A 4

The Specificati V f
K4-MS—TEM-903 K4e pecification Survey of ARIANS and PSLV for 1999-03-09 | 4 31
K4-MS-TEM-904 2A}A) 9] Enveloped] W& K49 27 AE 1999-03-10 (4144
K4-MS-TEM-905 K4 RFAY W3 A& : 72 2 dxloA 1999-05-18 (44 <
K4-MS-TEM-906 Action for RFA-3, 14, 17, 18, 21, 24 1999-05-21 |34 &
K4-MS-TEM-907 Action for RFA-18 1999-05-21 (B9 %
K4-MS-TEM-908 Action for RFA-24 1999-06-04 &9 <
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K4-MS-TEM-909

K4 Requirements 7 £7-A+3}

1999-06-21

Ek ks

K4-MS-TEM-910 K4 SDR-AI-048 A2 23 1999-07-01 {24
K4-MS-TEM-911 K4 SDR-AI-089 Az A% 1999-07-01 {#18 4
K4-MS-TEM-912 Hamess Routing® 1% BRLA 1 1999-06-28 (w4
K4-MS-TEM-913 Hamess RoutingS #1% AX 8% 2 1999-06-28 |47 4]
K4-MS-TEM-914 Action Item #2123} 1999-07-05 |9 <
K4-MS-TEM-915 7ozt e A4S #8159 27 47 1999-07-15 |43 &
K4-MS-TEM-916 Requirements 73 874+ 24 1999-08-13 |A 9 &
K4-MS-TEM-917 #3915 I 2=A A% 1999-10-07 |34 &
K4-MS-TEM-2001-001 |K4 EM Battery Selection Test Procedure 2001-02-07 |o] &4
K4-MS-TEM-2001-002 |KAISTSAT-4 EM Vibration Test Procedure 2001-02-07 {143
K4-MS-TEM-2001-003 = |KAISTSAT-4 EM Vibration Test Procedure 2001-02-19 (&3 &2
K4-MS-TEM-2001-004 |KAISTSAT-4 EM MOI Test Procedure 2001-02-15 |°]3 4
K4-MS-TEM-2001-005 |#3r9141% EM &% Torque 2001-02-12 |24 35
K4-MS-TEM-2001-006 |#&44135 EM AZA A3 M 2001-02-12 [AH4 3
K4-MS-TEM-2001-007 |1 A& Hinge Bracket & 47 ¥4 2001-02-17 (A ch
K4-MS-TEM-2001-008 ::}%ﬁli EMe] #2a229 A4 R 2HATS 2001-02-15 |93 &
K4-MS-TEM-2001-009 |Visual C++ & AH-4% K4 EM ] €314 2001-02-17 [A% 3
K4-MS-TEM-2001-010 |AL Stress Relief 2001-02-21 |AH ¥ =
K4-MS-TEM-2001-011 |HONEYCOMB PANEL #3 %224 2001-02-12 |4 =
K4-MS-TEM-2001-012 [FIMS Structure Design 43 w}<} 2001-03-30 |1 43
K4-MS-TEM-2001-013 |%}5}$1413 EM 2354 F34Y 47 2001-03-13 [&3 =
K4-MS-TEM-2001-014 |®e]d159 & 28 2% 85 =1 2001-06-13 |9 2
K4-MS-TEM-2001-015 |4 2E% Connector AR A 47 2001-04-23 [&4 =2
K4-MS-TEM-2001-016 |#3t9j413 259 /WLES 2001-05-02 |93 &
K4-MS-TEM-2001-017 |#&9141% QM /12 43R 2001-06-08 |&H 3 =
K4-MS-TEM-2001-018 |OBC 1,2 QM A A 3¢ A3 2 =X Ag 2001-05-16 |Et7H &
K4-MS-TEM-2001-019 |NC 1, 3,4 QM A A 3927 € 2XAF 2001-05-22 |93 =
K4-MS-TEM-2001-020 |Technical memo: : Al alloy 70759 ¥4 &4 2001-05-22 |H &Y
K4-MS-TEM-2001-021 ;_SjAﬁ js’-MTQR’ NMAG QM 27 A48 % 2001-06-04 (L%
K4-MS-TEM-2001-022 |LP Box QM A7 2|9 A3} 9 =X A% 2001-06-04 |A1 35
K4-MS-TEM-2001-025 |FIMS /#}3t$141% 7] A Interface 39 @7 V10 | 2001-06-08 |[°o]FE
K4-MS-TEM-2001-026 |Alodine coating ¢ &% 2001-06-15 | A =¥
K4-MS-TEM-2001-027 |MMS 1, 2 QM A A 8% XA 2001-06-22 |97 2
K4-MS~-TEM-2001-028 [PDTx Box 47 3223 ¥ Z=XA}3 2001-06-29 &3 %
KA-MS-TEM-2001-029 13}(;3], NC2, PSU2 Module Box QM A ¥73 =X 2001-07-04 |1 915
K4-MS-TEM-2001-030 |Battery Box QM dAW7%E 2 =X A% 2001-07-04 |4 =
K4-MS~TEM-2001-031 ffg’ BM+PDSE, PSUL Box QM &A1 3 3 23| 001 07-09 |15
K4-MS-TEM-2001-032 |K4 Sensor platform hamess infermation 2001-07-10 (#3 =
K4-MS-TEM-2001-033 |KAISTSAT-4 Thermal Analysis 2001-07-18 |A9 &
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K4-MS-TEM-2001-034 :;ri%"éli QM-verid #ta4xd F4 2 7= 2001-08-25 |49 &
KA4-MS-TEM-2001-035 rII{li\cIl:’I\‘/S‘i’ll‘-zl Thermal Analysis with operation 2001-08-30 | 2201 &
K4-MS-TEM-2001-036 rI::;S’I\"Sei’ZI‘% Thermal Analysis with operation 2001-09-04 |22 2
K4-MS-TEM-2001-037 |Thermal Analysis iR
K4-MS-TEM-2001-039 |General Review about Shock 2001-10-24 |94 &
K4-MS-TEM-2001-040 |Composite Material in Space 2001-11-02 1B =3
K4-MS-TEM-2001-041 |[K4 Thermal Analysis Progress 2001-11-08 |2 =4
K4-MS-TEM-2001-042 [KAISTSAT-4 QM Vibration Test Procedure 2001-11-12 (43 X
K4-MS-TEM-2001-043 [KAISTSAT-4 QM MOI Test Procedure 2001-11-12 [} =
K4-MS-TEM-2001-044 Eiiii’fﬁl QM “Thermal Vacuum Test 2001-11-12 |1 =9
K4-MS-TEM-2002-001 [Sensor ID Table 2002-01-07 | A=
KA-MS—TEM-2002-002 s:r’li }.10ermal Coating Tape Application Procedure 2002-01-02 |1 =38
K4-MS-TEM-2002-003 |K4 QM ZHA 24 &4 2 =X wWek V10 2002-01-23 |01 2 %
K4-MS—TEM-2002-004 frx:iiz;iAT—cl M Solar panel deployment test 2002-01-23 |83 =
K4-MS-TEM-2002-005 |#391415 QM € 34 d3 BuA 2002-01-19

K4-MS-TEM-2002-006 K4 QM ZAFAE F 23 A 224 £A43F 2002-02-04 | A =¥
K4-MS-TEM-2002-007 |K4 QM Thermal Analysis Progress Report 2 2002-02-08 |11 =4
K4-MS-TEM-2002-008 [KAISTSAT-4 QM I F5AE A3 21X 2002-03-06 |54 =
K4-MS-TEM-2002-009 |FIMS AFA1¥ A3} djil 2002-02-14 (&A=
K4-MS-TEM-2002-010 |KAISTSAT-4 QM TVT Check Log 2002-02-18 [ =¥
K4-MS—TEM-2002-011 i:MSTSAT—4 QM Protechnic shock test 27 H il 2002-03-27 | =
K4-MS-TEM-2002-012 |KAISTSAT-4 88¥AX % AMNAY A B 2002-03-28 |&H73 &
K4-MS-TEM-2002-013 |KAISTSAT-4 QM AZ5A &4 27 HaA 2002-03-23 |24 =
K4-MS-TEM-2002-014 (K4 QM TVT Z§ A] 24 FA 2 X 9t 2002-03-12 |83 &
K4-MS-TEM-2002-015 (K4 QM 3% 2 FAAE F Jed A3 8.9 2002-02-04 | =3
K4-MS-TEM-2002-016 |Rx FM Design W7 A3} 2002-04-08 &t &
K4-MS-TEM-2002-017 {FM GPS box Design ¥4 d3} ¥4 2002-04-10 (X3
K4-MS-TEM-2002-018 |K4 FM Design ¥H73 3l A3 2002-04-18 (&A=
K4-MS-TEM-2002-020 (K4 FM 7A€ /N2 44 2002-04-19 |°] &3
K4-MS-TEM-2002-021 |#39141Z QM 4 34 247 B A 2002-02-06

K4-MS-TEM-2002-022 (#391413 QM ¢ 4 A3 B 3aA 2002-01-19

K4-MS-TEM-2002-023 |K4 QM Thermal Analysis by NNM 293
K4-MS-TEM-2002-024 |K4 QM Thermal Analysis Progress Report 3 2002-04-03 | =Y
K4-MS-TEM-2002-025 |[#39415 QM 433 A ¥ 2002-03-14 (=¥
K4-MS-TEM-2002-026 |K4 QM 71 A€ 71239 dA 2002-04-22 k4 R
K4-MS-TEM-2002-027 |FM MTQR BOX Design ©73 27 A 2002-04-22 |14 5
K4-MS-TEM-2002-028 |FM CSS Design ®7 23 £A 2002-04-22 |9 %
K4-MS-TEM-2002-029 |FM SMAG Design 917 43 A 2002-04-29 |24 %
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K4-MS-TEM-2002-030 |K4 ADCS FM Design 3]¢] 23 2002-04-29 (&3 =
K4-MS-TEM-2002-031 |K4 DCS FM Design 3¢ d#} 2002-05-03 [HE =
K4-MS-TEM-2002-032 |[PDTx FM X.g42x AA WA A1g 2003-05-20 (g3 4, &3 2
K4-MS-TEM-2002-033 {MMS 1, 2 FM BE¥ 32 A7 ¥%3 A 2003-05-20 (B2 2, A%
K4-MS-TEM-2002-034 |Tx FM =& @2 d4 ¥73 AMg 2003-05-21 (23], §A =
K4-MS-TEM-2002-035 [Rx FM E¥& ®r& A W3 Ag 2003-05-21 (&3 &, 2%
K4-MS-TEM-2002-036 [OBC 1, 2 FM 4A W7 »% 2003-05-27 A4 E, FA$
K4-MS-TEM-2002-037 |NC1 FM A A W7 A 2003-05-27 (2t 5, 2 A4
K4-MS-TEM-2002-038 |GPS FM A W73 Ag 2003-05-27 (A4 %, QWi
K4-MS-TEM-2002-039 I;CU, PSUZ2, NC2, Wheel bracket FM A 34 A\ . o 4%, 3R
K4-MS-TEM-2002-040 [MTQR FM M A¥ 4 A3 2003-05-27 (2H9 %, HAY
K4-MS~-TEM-2002-041 |LP FM A A B A8} 2003-05-27 (24 5, o]A
K4-MS-TEM-2002-042 |NMAG FM A A3 AHY 2003-05-27 [AH1 %, o] 8%
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CMD LAEH Command
COTS ALEE EE A Commercial Off The Shelf
CRE SFHAE SA4AE Cosmic Ray Experiment
CSE FieiEl nF AAIE R Camera Support Electronics
DMA AH dr2g dHA Direct Memory Access
DMUX x4 tx37) Digital Multiplexer
DOD FHA HAE Depth Of Discharge

DSFCE =3 % Digital Store and Forward Communication Experiment
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DSPE Digital Signal Processing Experiment
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Error Detection and Correction

Engineering Model Design Review

Earth Horizon Sensor

Effective Isotropic Radiated Power

Engineering Model

End Of Life

Electron Temperature Probe
First In First Out

Flight Model

Frequency Modulation

Fiber Optic Gyro

Field Of View

Flight Readiness Review
Frequency Shift Keying
Global Positioning System
Ground Station Controller
GPS-based Satellite Navigator
General System Specifications
High Energy Particle Telescope
Housekeeping Integrated Test
High Power Amplifier

Image Data Transmitter
Infrared Earth Horizon Sensor
Intermediate Frequency
Instantaneous Field Of View
Infrared

Infrared Sensor Experiment
KAIST Satellite Computer
Keplerian Elements

Korea Institute of Technology
KIT Satellite

Low Energy Electron Detector
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Low Earth Orbit

Launch and Early Operation

Low Noise Amplifier

Modular Command & Data Handling
Multispectral Earth Imaging System
Modular Telemetry & Command
Modulation Transfer Function
Magnetorquer

Multiplexer

Moving Window Display

Not Available

Near Infrared

Navigational Magnetometer

On Board Computer

On Board Data Handling

Printed Circuit Board

Power Conditioning Module
Preliminary Design Review
Proto-Flight Model

Prototype Model

Peak Power Tracking

Quadrature Phase Shift Keying

Rate Control Unit

Radiation Effects on Micro-Electronics
Radio Frequency

Reaction Wheel

Receiver

South Atlantic Anomaly

Satellite Technology Research Center

System Design Review

Space Environment Scientific Experiment

Single Event Upset
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SMAG O-F 88 XA7] A 7] Scientific Magnetometer

SOS Silicon On Sapphire

SRAM Static Random Access Memory
SRF Zg4 w2 719FA Solid State Recorder with Flash Memory
SRS SRAM 7] <} #HX] Solid State Recorder with SRAM
STS H7HA] 7] Star Sensor

TBD FISAHA To Be Decided

TDE EZAVEF ZA7) Total Dose Experiment

TDMA Al OgxH& Time Division Multiple Access
TLM VEAAAR Telemetry

TNC A7 Ao 7] Terminal Node Controller

TT&C 2343, 34 2 94394 % Telemetry, Tracking & Command
Tx Z A1 7] Transmitter

UHF Fxgav Ultra High Frequency

VHF g9 Very High Frequency

WBS AJEHF FE2= Work Breakdown Structure

WOD 49 AAE HolH Whole Orbit Data

- 394 -



ERATNEAY AT AT BEA YA
AR | Ve LAY
A
ARAdE | 387149415 NEAY
A 5 AAE Hstddg Hetrjsddls AL
A7) d2 78715 9 AFAYA |2 % A
Z2A277} 1998, 10¢. 179. 20034, 129, 319. ( 6274Q)
Z Ay AREds nEgE A
(@91 : H9) 10,854,000 0 10,854,000
71 ®oF NI ER7E/HA9A 7=
k] 7]
TE5AF7IH
AT B
ATEATREE hoags() o AR ) P FERTRA() gg?q‘
HAFFEANY) Emma & «
ST A ' { s EEE s, 243 FE) ) |8 FEN )
A1) A2AF (V) | @89 (V)
=RATANEAY AAFA A SLE(QTANLET Ba) A 23] 9A
A2 SEAEME AT h '
A% L A7AT FEAYA 12
2. 7l=8 %A 1R
2003 ¥ 11 ¥ 29¢
A7AYA - F ()
AFNBH . dxHET|e
3 T ZA A A
sehrlen g As

395




49 $FAs gAA 2 &8 gAY AL 2 ¢
447149 AVATE 9 vl AFHQA NEAE A=

A5 Y AH YHATFRA YA

7). 53 (244 § ARES
EFZ 5 2L g olzlk e e
Bk I PG Bl ET E3 NE
ZU9EE)NS | 24ER)YA (ELD)
EXREAZAHANE 99.7.30 =
o4l MBS ol &3 dHolH A _
e 285967 2001.1.9 kis
obd 2 el FAlA 295605 20015.2 ks
TEREAANRZE Xt e _
w2 2 3] 301946 2001.6.28 ki)
AAT 2AE o]E4F 8 AV % 5
k<)
o) W elayEan lﬂ 0323333 2002.1.23 =
2% o opdE 1 BjtAA 0341819 2002.6.11 g
U 22O SEEE
Z2 BY cEHE 54 ks Hl 3
o =3ks e
o N/1e4 15 BAle) 44, Az A, 8 s

AHLE WAVRSHA 2 AYT 4A =3t

o 2AFE 2 ARE U
o #3729 15 A ¢ BANYFZA2H
o #A57|&94 15 2ZEYo] Z AN FFLE ATEY

396

941
H871£904 15 AZEY o] @ AYTe§ 2TEY ] HA 2L AP =3¢
€




o} = AR

plsh

TE 47

q

oA A (B HAARR)

SCI
We | oex 9 A% AN A= | F9 | AA
5
‘ T
. Observation of Density  Fluctuations  in Earth's
Geophysical Research . . .
1 Magnetosheath with Geotail and Wind 1999
Letters
Spacecraft
2 |APC-MCSTA Preliminary results from mission analysis on 1999
KAISTSAT-4
3 |gzozgsan Overview of Far-ultraviolet Imaging Spectrograph on 1999 3z
KAISTSAT-4
Preliminary Analysis of the ~Development and
4 |BFEFIEsn Operation of the Space Science Payloads aboard 1999 e
KAISTSAT-4
5 lamomusan Conc‘eptual Electronics Design of Far-Ultraviolet 1999 Bz
Imaging Spertrograph on KAISTSAT-4
6 |azozusasmn Science Goals of Far-Ultraviolet Imaging 1999 az
Spectrograph on KAISTAT-4
7 leazoeznesn ‘Thermal Elertron- DlagnOSjS with Langmuir Probe on 1999 B
KAISTSAT-4(Fst9lA 15
8 |F¢Fstan Solid State Telescope on KAISTSAT-4 1999 ki
9 lazeo=nann Tole'rance Study of FIMS Optical System and its 1999 B
Environmental Consideration
10 [3=95783 8 A Study on the MCP Detection System for FIMS 1999 Eis
1 |aze=nazu Science  Objectives of Far-ultraviolet Imaging 1999 a2
Spectrograph on KAISTSAT-4
12 [AxE &= SElvet 2¥AA7IEe MY 2 WY 1999 i
13 Journal of Geophysical|Computer Studies of the three-dimensional magnetic 2000 o)
Research reconnection with the superimposed by component
Astronomical
14 |Telescopes and|Adaptive Secondary Mirror Developments at UCL 2000 u) %
Instrument
Adapti i :
15 |Optical Engineering ap! 1ve- Seconda.ry. Mirror . Demonstrator 2000 S
Construction and Preliminary Evaluation
16 Journal of A‘stronomy Observation of Molecular Hydrogen in the Carina 2000 P
and Space Sciences Nebula
17 |la=aaax An optical design of a high resolution earth 2000 @z
observation camera for small satellite
18 |g=xF3783]x Tolerance Analysis of FIMS Optical System 2000 T
19 |g=oz=nsr8n OVI .Emissmn Line Detection Limit of Far-Ultraviolet 2000 3z
Imaging Spectrogrph
20 |MHEHA83] =84 |Power system design of kitsat-4 satellite 2000 ks
21 KSME Intermnational {Torque and Force measurement of a Prototype HAU 2001.6 &=

397




Reaction Wheel and the Effect of Disturbance of the

Journal . .
Attitude Stability of Spacecraft
9 Computer Vision and |Intelligent schemes for improving interpolation using 2001.8 oz
Image Understanding |distribution parameters and segmentation submitted
1. of Ast 4 2001, vol.
. of Astronomy a .
23 . Y an Thermal and Structural Analysis of FIMS Grating 18 o=
Space Science
pp. 81-93
94 Journal of Physical|Effective methods for the estimation and interpretation 2001.8  E
Oceanography of oceanic meridional heat flux submitted
. |Mixed layer heat balance and net surface heat flux
Journal of Geophysical : ) . 2001.8
25 error estimate. Part I' horizontal geostrophic heat . LS
Research . ) submitted
advection and its error
IEEE Trans. on Automatic Satellite Image Registration by
26 Geoscience and Combination of Stereo Matching and Random Sample| 2002 .7 |¥=F
Remote Sensing Consensus
o7 IEICE Trans. Fast Capture? Algorit.hm of Initial Attitude for 200210 |aw
Vol.E85~A, No.10 [Spacecraft Using Reaction Wheels
Journal of .
A I d G i t Model for derivin 2002
28 Atmospheric and no tmprove .aussxan- Je ode . . & LIES
. absolute geostrophic velocity form satellite altimetry
Oceanic Technology
BT E X
29 |FASELRI =2 |(AAAHIE A5 D] G 7= A4 200211 B
pp.489~493
Journal of the
International societies 2002
30 for Precision First Order analysis of thin plate deformable mirrors e
Engineering and
Nanotechnology
A Study on the Fault Diagnosis of Roller-Shape
a1 KSME International USiT].g . Frequency Analysis of Tension Signals and 200212 |82
Journal, Vol.16, No.12 |Artificial Neural Networks Based Approach in a Web
Transport System
32 The Astrophysical [ORFEUS Observations of the Foreground Gas 2002.8 e
Journal, pp.575, 234 |Toward HD 37903
SPIE, Astronomical
Tel d
33 clescopes a.n Optics development for the SPEAR mission 2002.8 o=
Instrumentation
pp.22-28
@ F 955134 2002.9
34 W) d1E QET Ao g wA} IAHAT hu 3=
A0E, 63 k94 =R o g dA BHANE 2 £p.1247129
B 7)E ) _
35 A6 45 Space Optics E & @o]3}o] 2002 =
et 714
6 e ;oA Bt 2002 LiE T
A6 4% TN BEA
&g F- 583 2003.2
37 #9415 AFE D 94T A3 L
A314E 135 rere A el 943 A pp.120-123

398




otr&3slo] Uy AA(LQA HEAAE)

Hs ge3e 3y A= AAALY | 29
1 | @RIFE 3 Active Optics for Space-borne Cameras 1999 &5
2 (&2 EHES 2% ATARE gAY FEA A 1999 =

gt B2 8t AEedAHE ndE FEA dA 1999 gt
4 |PASP Why Adaptive Secondary Mirrors? 2000 =
5 The Astriphysical JORFEUS 1I  Echelle Observations of Molecular 2000 S
Journal Hydrogen in the Galactic Halo .
Proceeding of
6 Inte r mational A new wavef(.)m Desi'gn Technigue to Reduce 2000 o
Symposium on Remote | Sidelobe Effects in radar imagery
Sensing
Testing Method of Of-axis Parabolic Cylinder Mirror
7 |Proceeding of SPIE esting WViethod of Hmaxd My 2000 k2
for FIMS
3 Optical Society of Sim}llation o.f Pup%l plane wavefront sensing with a 2000 -
Korea conference static pyramidal prism
9 The Korean Physical|Development of an assembly procedure of deformable 2000 a2
Society Conference mirrors for adaptive optics -
10 The Korean Physical|{Optomechanical analysis of a high-resolution camera 9000 =
Society Conference for earth observation and development -
A3 Sk Rkt o . N .
I e R R e R L 2000 |@%
dE e B 4% -
12 T = |Solid State Telescope on KAISTSAT-4 2000 =
i3 W
13 |24 eznes Design ar?d Computer Optimisation of a Top-hat 2000 Az
Electrostatic Analyser For KAISTSAT-4
A study onthe Plasma Generated by Thermionic
14 |4 51783 Low-pressure Discharge to Simulate the Space 2000 o=
Environment
15 | &4 5383 ESA(Electro-Static Analyzer) on the KAISTSAT-4 2000 i
Detection Observation of CO to H2 conversion Factor
16 | =4 -F783 in the Orion B Molecular Cloud: an Analysis of CO 2000 Ll
Absorbtion Line in the FUV Region
17 |24 sznes Detection Crieria of OVI Doublet and Opto-mechanical 2000 e
Error Budget of FIMS
} 2A HJ_9949 33 g4, IMS o 7] 8§ 2 .
18 | FA T3¢ 3 j d&age e A . ] 2000 =
19 [FA 514783 Space Plasma Instrumentation on KAISTSAT-4 2000 ke
20 |37 $F93 Jeui=y 2% ohdEd BPANS A 2000 |83
337 works shop & . s .
2t | T B loea 0899 (KOMPSAT-DE 914 e F BF 2000 |9

399




22 - DAY Zeto)w wigtyle BT EA4 2000 g
T
2 JES3] 20008 7HAEYAIS Y gAe)H BRI BE pEd g .
BRES: T 20008 AL WA ww 45 AeE F |
= 28219 Lyman-Werner Band &4
o = 31 A ar
g |TTREWORS Shob Mly panize 97 Bahze aa g AW 000 (@
25 (AEE =3 et 159 noyA JAAEIHSST) 7L 2000 iy
20008 AHHA gl N 5
2 | ya P a1z aaa an 2000 |
Proceedings of American o tonal G " " Digital Elevati
evation
27 |  Geophvsical Union | Do cnondl eneration of @ A8l 2001, 5 |9
.. . Model Along the Coast from satellite images
Spring Meeting
srbAe o3 #9x 15 HFAARY AE :
28 | BIYFLFEs ,Hj bl S AR 1 20016 ¥
o !
Proc. of 15th Development of KAISTSAT-4 Expanding th 2001
v - xpandin e
29 ! Annual/USU Conference evelopment o ) o b & CD-ROM "F
. Role of Small Satellite for Scientific Research .
on Small Satellite Proceeding
Proc. of 2nd Symposium
%0 on Microsatellite Orbit and Attitude Control Requirement Analysis 2001 E
Applications for Asia |of KAISTSAT-4 SSC01-m-6
and the Pacific
3 IAU ASP conference Development of the Far-ultraviolet Imaging 2001 az
Spectrograph on KAISTSAT-4
39 Photocics Adéptive Beam Di\-fergenc.e Algorithm. fo'r High 2001.10 =
Reliable Inter-Satellite Optical Communications
33 | A1z # 7l 92y (Hadls dxdH 2] 2t A 2001. 3 i
Proc. of the Optical Test Result of Offi-Axis Parabolic Cylind 2001. 2
34 |Society of Korea Annual M(?S fesuFIM; x5 Farabolie  LyAnder TD-1I5 L
Meeting 2001 o for pp.86-87
a5 AZHEEINR A2H6A |FFHAE 15¢ A9 237 e HAEE 2 2001. 4 _—
15 2UE " A2 pp.54 -
A Ee3sy A26d 2001. 4
36 ] ] LA M E337] FIMS 3ay s Liea
13 pp.41
G et #2638
37 1351 ] A9 Har) FIMS 71 A +& 2001. 4 Ll
a8 AL R A26A |[FIMS Software and Hardware Control for 2001. 4 A
13 Operation Scenario pp.55 -
39 A2 HESS W A26H [Preliminary Test Results of Detection Electronics 2001.4 a=
13 for FIMS XDL Anode pp.55 i
IZHAESI R A26H 2001. 4
40 4- ] AR A #337] FIMSS 7ATE et 44 g3t
15 pp.40
Al A= 9£ 983 B A)104 {Electronics Systems of Far-Ultra Violet Imaging 2001. 4 4=
15 Spectrograph on KAISTSAT-4 pp.49
2 d59-+7835 1 A10d |The Operation Scenarioc of FIMS for Mission 2001. 4 A=
1% Requirements pp.47 -
g eFaesin A103 2001. 4
43 TR AL o BH) FIMSS B 2 A E e
13 pp.48
4 | FF¢FHE3 R 104 |H5A415 A9 B3] AAA dAY 2001. 4 |@%

400




1% pp.50
45 g7t R A0H |HEAAL1IEE AAYH 337 e Spectrograph 2001. 4 -~
13 Electronics pp.59 -
Azxpe] M B337] FIMS 322 4 @ FX 3§ .
6 | BFEFHIA ;‘ rea £ ranne w % Voowos  [es
47 amsrRets]  |setoddlse A% BE7 AR 2001. 4 |#=
48 k= 9-5~ 71 8 3] 78943152 Langmuir Probe 72 2001. 4 i3
w2 Low Crosstalk Muti-Channel Trasimpedance
49 ﬂ‘; iy Amplifier Array using SiGe HBT Technology for 2001.2 ks
o Optical Interconnect Applications
5 S0 =383 Operz.itlon Scenario of FIMS for Mission 2001 4 e
Requirements
51 dEeFAgs  |AAsd ¥ FIMSe) 3% 2 AATE 20014 |83
52 @ eFdets  |Begalze nduA AR R 20014 |33
53 AIAA Small satellite [Development of K'AISTSA’I.‘—4' ’Expanding the 20018 o2
conference Role of Small Satellite for Scientific Research
Proceedings of the 10th 2001
54 |International Aerospace|Adaptive Optics Systems pp. 43-66 |vl%
Symposium
Twelfth annual meeting Ult . el it di d  turni
- armon urnin
55 |of Optical Society of| - proosion  smgle  pom L o001 e
(SPDT) on an aspheric metal secondary mirror
Korea
56 ARG S pace Optics 5B Relstel 002 |@=
A67 4% pace Optics 53 & 2 3
11»31»1} 7]%
57 ° AFH4 Bt 2002 &
A6B 4% &9 A i
VYT 555 2003.2
58 HegAls 1E2rd d2-F A Y e
2318 135 rere ° 94F A pp.120-123
A Global Multi-Purpose Data Collection System
59 JC-SAT 2002 Based on the KAISTSAT-4 small satellite and 2002 33
Mobile Terminals
Proc. of the 6th World
MultiConfi 2002.7
" ]_ onierence Or_l Automatic Satellite Image Registration by GCP
60 | systemics, Cybernetics Chi 4 RANSAC Orlando, |9=
and Informatics Vol.IX, 1ps an Florida, U.S.A
pp.134-139
61 T R ER R KAISTSAT Series Space Science Missions 2002.6 a2
Developed by SaTReC
Proc. of International |Satellite Orbit and Attitude Modeling for 2002.10
62 | Symposium on Remote |Geometric Correction of Linear Puchbroom Sok éh LiEs
ok-Cho
Sensing pp.523-547  |{Images
Proc. of International Aut ted I Receivi 4 p . 2002.10
63 | Symposium on Remote Su :ma fe Lm;get ; eceiving an rocessing o (.:h az
Sensing pp573-577 | o om for Landsa oxTe
SPIE: Astronomical Fi o . ¢ thi ! def. b 2002.8
64 Telescopes and 1'rst rder analysis o in plate deformable Hawaii o
) mirrors .
Instrumentation pp.22-28 Waikoloa
65 | American Astronomical [Physical conditions of the molecular cloud toward 2002.1 g

401




Society 199th meeting Washington,
HD37903
6-10 DC
Spinning compliant tool of Precessions Polishing 2002
66 OSA Topical Meeting |Technique for polishing aspheric optics, Optical o=
o . Tucson, AZ
Fabrication & Testing
7 3383 %] Vol13, |An f)ptomechanical study of large mirrors for 20026 B
No.l, pp.1-8 satellites
Proceedings of the
68 Optical Society of Korea|An (?ptomechanical study of large mirrors for 9002.9 =
Annual Meeting satellites
pp.26-45
69 3813 4| HEBA WY AL FE7] wdgel wE dF 2002.11 A=
A134, A5% W3 A7 pp442-448 |~
A123] #Frle dar 2002
70 | =238 = P& |Large Optics for Space Applications ot EiET
A%z A i
71 2 9o @ Develop.ment .of Func'tional Test Model of 200211 =
Magnetic-Bearing Reaction Wheel
T34 51AFZ3 oA A2 EE9 TML N
72 mgaepazq L0 AATHAMN UEAD FE 2002 @S
o) % YA SAe] B dF
A123] 7l A2 2002
73 =wd = PFr)ee] |Adaptive Optics (General Review) £0-80 i
A AY -
74 28 Perfo?"ma'nce analysis ar.ld devel'opment of an 2002.6 e
satellite image preprocessing algorithm
g=34shs 20029 = 00027
75| ARG, =23 |AS A WY AL 4% A4 oms B3
pp.30-31 T
?l, (o] Zi §]|_§
76 SETASH aeaais 29 zand 74 2003.10.17 |32
FA & 3]
g -7} 8} 3 #4135 g BHr) vy 2y @il 9 N
- »:_'17'—1”-‘!;}—}‘ | ‘}—}H 4 4o 1 H& } 20031017 |82
FA g &9 3 27 &%
EERES T
78 . T_—’;}Jr_ ] &9 A1E A Al 2 2003.10.17 [¥=
FAEgEU 3
CEXEXEE
79 ] T_Tjh}‘ 1 lgersia1s wA Asg mzag 200310.17 |&=
FATgE U3
EEEEE : i
80 . —r-‘r/\ _ #89441% GSC(Ground Station Controller)7)2t 2003.10.17 [@=
FAg &Y 3
CEXEX T
31 e 78914415 Network 7 g 2003.10.17 |¥=
24820 }3)9] A etwork System 712
S o F9 olAHA BA = wuoAl1s s
82 %ﬁﬁ;}{l T2 d3se] oY #9141 (! 20031017 |82
FA & 3 Al AR B
AT A . ]
83 AN Hetol 415 AFE A2d 20031017 |@=
FA &3
R o N N
N el Bl
. 1891415 MMS(Mass Memory System) 712 2003.10.17 |&=
EEXES T E
8 I gaus aar 2003.10.17 |8

FAE 3

402




3. A4

R} A A 0 A] 2~ ¥l

=
=5

n4gEe 3

(@]

ARNYEAZ 2 AFH

o REEH|

Z2hcy

m
=

o YAE AZE put

70

e}

T

p—

3
)

el

0
o

=g &9 494 37 Y

A=

w

o

2
N
o
R
=2
!
=
3
Rk
RO =
LS
;OO
i 5o
Ay
) EU
A4
o
<] %o
T
o] Ty
=X
O =
=
W
N
W N
W ook
e o

a3

5 714

!

2

N

e} 5

403



AAAHANS 98-LB-01-01-A-01
A = AAE A4 EE A37E4d 15 A
AHE +F71E MEAY
A AR 8 H37lEN 815 NEA
A7 =3t ried 713+ d | g
FA71H(719)
ZA3 771 1998. 10. 17 - 2003. 12. 31.
Ehikatl A H(10,854,00008 ¢  wI7K )HY F71(10,854,000)3 A
4+ d % o FRINS
AT Az} 1 E‘:Z;Z‘} # A7) AR} F- 8t E-mail | jtlim@ee.kaist.ac.kr
A/ 3T | 25 35 | (042) 869 -3441
ek FRIUSE
azags2 |17 E-mail
A9/ AF A
4 o] & % 2&/RA | AFAPATAEH
B g o)A} AL/AF | AFaF E-mail | hwlee@satrec.kaist.ac.kr
3T | (042) 869 - 8646 FAX  |(042) 861 - 0064
Fa qAA] FAAF ol2F Y Apt. 118-1506

404




oo

N

o
i

[

PN
=

A~
O~
=

=
Eoi7]

3L

Z

A =47

Edeo] MIE 7]

AR 8

3L

1

9
pod

35 ABAAEA R Ao} &

FPGAZE o] &
AU A D Aoj7l&
GPS 7=

sedol 2 &

Ad /A HFE Ve
[}

[71<=2 712]

Z] (Solar Cells)

)
=0

O,

A& Wz s

N
Hr
Nlo
wr
i
B

Hy 7l

Hr
No
ofn
NI

Ay

T
a3l
r

PN
=

A= g 7

2
=

A QA7 &

A QAANLA 7=

A= "oy A7
Hu 71

Hr
Njo

ojn

e

<7lEd 53>

B

JJo

405




[§=0] § 2o}
OESLEEPELERRE
2 914 BA L doly A

(3) f4dEe BHd= <

L

i)

[e]

o A}

[e]

406




b
el

T
A

[71%5of] (7R AV E F A5

LBt

0 %

mEEELEE:

0 A&A

O 7144

e !

0 AR

0

0 o=
0%

=
=)

2

s

ﬁo

O ®nAa-9s

El

b F41412)

AN

(V2 %

niil

e

A

U

] 1A

(o]
7

do

e &

2

~

kv

Ho

O 71&

M 71EAZMA

07 B

=

oF

)
¢

M 7172w

O A537«

Ve e &

0 71 & (

MAFEAZIE M HLAE

g | 8 | ¢ | B | 2
BE g | 2| & | 3
T Ie = X =
W N N 3] 3 38
2 3 3 g =
XlZ L2 s | 4| g
o =, ) = N N
D S
T
v
Lo M i i W
N Lo ylo plo tlo o
te]
Elow 1 fir i e
» o s o o) s
—'Tl
Ly e S
o 3
oy el n
0 T
o oR TN Wm M.mw_
ajo B o B oﬂo
[N © ou_o K
N O o I
‘B i Wu JMI E ° =T m
,al HO ﬂAl..“ (%) _.EE -
4 o0 -~ e v
= ¥ - =R | o e
= TR | 4
03 M o X &
X =~ o
F O n #n X s | TR o
Gl S o * CY "
Wy % "y Jo T K pd
3o
o
mﬂ [ 0] 0y T 3
b i wr ujr ulr

gate] 71

A

al

g3t} 7))

407



B V|sold x4

o] A1} 2] 0 &f-dold ERCERSRE O 53443
M HdH O 71eK )
e &872 2d g 24 31 441 7) 2005 W=
Z%olAA | A¥A R APol sbed 4P dn S
LA | Havd 94 49 I g

* 71E0)dA] AP e V)EolAE AT ARENIAE S vl 7 ), JEV FR F)E Vs

’ A

*AEEAFAT] L VS 8T HEAA AFe] A2 Ale] AREE AVE J1A

N
>
[
e
ox
n

IRy AEI(V 3 FA|)Blod FAIALL)

NE, GAATEA : SHEEE A9 Baw A A4S DAY /1EA8 A
a5t 9

o
=

@
@ $8ATRA : /154 Fede 4%, A4 483 A549 9% § 494
291 g7

.

@ MEAFGEA : Prototyped] A&, Pilot Plant Test & 3Pl A

VoL@ 7198 EuldA : 71]93)el e el Zle 2 3 e gHeks 9

® FFs 4594

Plael sYFI|] (17672 HE (Ve A3t FAIALL)

@ 71&eMd AR - 719 BFAH AT g 9

@ 7147 2 7leNd) 4FAoY ok 284, AN Tol FAX ¥ @A

® N1¢A & NR7): Az LA ER AT B4
V@ AeHE A NS R GR AT

o7t A

© 718§ 457 AAFAolAA a3 slEgoldo] dojun, 7]&o] XE3L

I 2 T O e s I e e R 0 W A B O

® 71&A & 257 QI AEFoR Y|goldo] sl dohta, ArFoNe 7i&

Ple2d 2o JjafE] (1717 BY (Ve BAD 3t FAIAI2)

O 9=71Ee] 2t : oln| oA st 7% EA, reverse Eng.

@ g=x71€9) 23-F5GA - FUAFTEY A4 AGsA HeA2

V@ Ax71ze) APAFEA - Aol e MDA

@ A71&e] FAAPAA : T Hx= AL

408




Bot71&A 425 ANRA 2 AGF AL

DA A8 BRIt s OIe as

Hat7lefqA2s A48A 2 AT g

FF71ENEALS

F=987)4 4 ARy | W

7%k 2002. 10. 1 ~ 2005. 12. 31

A - (9,650 )M

- g% 2 (9,650 )yl wIZE - ( YRk
o S Her=d 378 U ZHh
2
A3z 042-869-3441 E-mail | jtlim@ee kaist.ac.kr

409




	00000001
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130
	00000131
	00000132
	00000133
	00000134
	00000135
	00000136
	00000137
	00000138
	00000139
	00000140
	00000141
	00000142
	00000143
	00000144
	00000145
	00000146
	00000147
	00000148
	00000149
	00000150
	00000151
	00000152
	00000153
	00000154
	00000155
	00000156
	00000157
	00000158
	00000159
	00000160
	00000161
	00000162
	00000163
	00000164
	00000165
	00000166
	00000167
	00000168
	00000169
	00000170
	00000171
	00000172
	00000173
	00000174
	00000175
	00000176
	00000177
	00000178
	00000179
	00000180
	00000181
	00000182
	00000183
	00000184
	00000185
	00000186
	00000187
	00000188
	00000189
	00000190
	00000191
	00000192
	00000193
	00000194
	00000195
	00000196
	00000197
	00000198
	00000199
	00000200
	00000201
	00000202
	00000203
	00000204
	00000205
	00000206
	00000207
	00000208
	00000209
	00000210
	00000211
	00000212
	00000213
	00000214
	00000215
	00000216
	00000217
	00000218
	00000219
	00000220
	00000221
	00000222
	00000223
	00000224
	00000225
	00000226
	00000227
	00000228
	00000229
	00000230
	00000231
	00000232
	00000233
	00000234
	00000235
	00000236
	00000237
	00000238
	00000239
	00000240
	00000241
	00000242
	00000243
	00000244
	00000245
	00000246
	00000247
	00000248
	00000249
	00000250
	00000251
	00000252
	00000253
	00000254
	00000255
	00000256
	00000257
	00000258
	00000259
	00000260
	00000261
	00000262
	00000263
	00000264
	00000265
	00000266
	00000267
	00000268
	00000269
	00000270
	00000271
	00000272
	00000273
	00000274
	00000275
	00000276
	00000277
	00000278
	00000279
	00000280
	00000281
	00000282
	00000283
	00000284
	00000285
	00000286
	00000287
	00000288
	00000289
	00000290
	00000291
	00000292
	00000293
	00000294
	00000295
	00000296
	00000297
	00000298
	00000299
	00000300
	00000301
	00000302
	00000303
	00000304
	00000305
	00000306
	00000307
	00000308
	00000309
	00000310
	00000311
	00000312
	00000313
	00000314
	00000315
	00000316
	00000317
	00000318
	00000319
	00000320
	00000321
	00000322
	00000323
	00000324
	00000325
	00000326
	00000327
	00000328
	00000329
	00000330
	00000331
	00000332
	00000333
	00000334
	00000335
	00000336
	00000337
	00000338
	00000339
	00000340
	00000341
	00000342
	00000343
	00000344
	00000345
	00000346
	00000347
	00000348
	00000349
	00000350
	00000351
	00000352
	00000353
	00000354
	00000355
	00000356
	00000357
	00000358
	00000359
	00000360
	00000361
	00000362
	00000363
	00000364
	00000365
	00000366
	00000367
	00000368
	00000369
	00000370
	00000371
	00000372
	00000373
	00000374
	00000375
	00000376
	00000377
	00000378
	00000379
	00000380
	00000381
	00000382
	00000383
	00000384
	00000385
	00000386
	00000387
	00000388
	00000389
	00000390
	00000391
	00000392
	00000393
	00000394
	00000395
	00000396
	00000397
	00000398
	00000399
	00000400
	00000401
	00000402
	00000403
	00000404
	00000405
	00000406
	00000407
	00000408
	00000409
	00000410
	00000411
	00000412
	00000413
	00000414
	00000415
	00000416
	00000417
	00000418
	00000419

