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Taiwan self-developed software Development for FORMOSAT-3
and FORMOSAT-7

Cheng-Yung Huang!  Kun-Lin Chen®  Eddy Yang®

ABSTRACT

The radio occultation technique for observing atmosphere and ionosphere has been developing for
seventeen years, since the launch of the first radio occultation satellite MicroLab-1. The six micro-satellites
FORMOSAT-3, the first constellation to observe atmosphere, can provide the global coverage limb
measurements above earth surface in all time. It had been proven to be a powerful tool to observe parameters of
ionosphere and atmosphere. The radio occultation data is processed by CDAAC software developed by UCAR.
Currently, the GPSARC are working hard to develop the Taiwan self-developed scientific software to process
the radio occultation data for both missions, FORMOSAT-3 and FORMOSAT-7, NSPO and TACC are
developing the automatic and independent system to process the RO data. In this study, we introduce the status
of self-developed software about the atmospheric RO data process.

The atmospheric radio Occultation data process include three main procedures, excess phase retrieval, dry
parameter profiles retrieval and wet parameter profiles retrieval. The main function of excess phase retrieval is
retrieve the OCC observation to excess phase with orbit information of GPS and FS3. The Dry parameter
profiles retrieval will produce bending angle, refraction index, pressure and dry temperature without considering
the water vapor. The wet parameter retrieval will produce the same atmospheric profiles, except the dry
temperature is replaced by wet temperature, and produce the extra water vapor pressure.
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Assessing attitude effect of FORMOSAT-3/COSMIC satellite on
orbit determination

Tzu-Pang Tseng ™  Kun-Lin Chen?  Eddy Yang?

ABSTRACT

This study quantifies the attitude effect of FORMOSAT-3/COSMIC (F3C) satellite on orbit determination.
An attitude determination and control system (ADCS) is used for the transformation between the satellite body
frame and the inertial frame. The F3C satellite mission consists of six microsatellites and each satellite is
equipped with two antennas for precise orbit determination (POD). One of two POD antennas, called the default
antenna, can be used for POD, having an ability to receive more than four GPS satellites. During the inflight
phase, F3C has a flip-flop maneuver every 60 days. Such a maneuver is a function of the sun beta angle. Under
the eclipse, alternative attitude sensors are activated to replace the Sun sensors, and such a sensor change leads to
anomalous GPS phase residuals and a degraded orbit accuracy. The attitude effect on FM1-FM6 causes the orbit
error of 9.35, 10.78, 4.97, 5.48, 7.18 and 6.89 cm, respectively and the velocity error of 0.10, 0.10, 0.07, 0.08,
0.09 and 0.10 mm/s, respectively. Based on the results given in this study, some suggestions for the upcoming
FORMOSAT-7/COSMIC-2 satellite mission are made.
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FORMOSAT-5 Satellite Verification and Validation

Jia-Jing Yeh *"  Pei-Yi Ho?

ABSTRACT

Satellite is a hardware-software system with multi-function, containing various power, sensing and digital
signals, where each subsystem develops its functions following system requirements and interface definitions.
Within the system, each element in the satellite, including sensors and actuators, has to be verified and validated
against system requirements and interfaces. In addition, flight software validation assures flight control
algorithm, developed by cognized engineers, are compatible with hardware equipment. Such a course does not
require expensive flight hardware in the validation process. Instead, engineering model, with the same function,
of each hardware is more adequate to be employed. Moreover, to detect any conformity issue within the system
in early state is a critical task in satellite project, especially for the new-developed components, e.g. On-Board
Computer and flight software. System compatibility issue oftentimes takes place after integrating them to the
spacecraft system and that ought to be dealt with.
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FORMOSAT-2 Stereo Acquisition Geometry and Image
Geometric Accuracy

Shih-Chieh Chou*™  Chian-Chian Liou?

ABSTRACT

For the remote sensing satellite, it is a practical scheme where two images acquired at different time from
either same orbit or different orbit. Due to the stable and predicted satellite orbit, the same location area usually
detected with different perspective by different predefined attitude. It induced the displacement in the image
plane of optical system. The higher the elevation, the large the parallax induced. In aerial photography, elevation
accuracy is greatly influenced by the base-height ratio. However, considering the acquisition geometry of
satellite stereo pair, it is obvious that not only base-height ratio but also other parameters have great impacts on
performance of geometric accuracy. In this article, the analysis of acquisition geometry of stereo model was
given. Furthermore, we also present various case studies regarding FORMOSAT-2 stereo images in pass few
years and analyze the acquisition geometry parameters.

Keywords: FORMOSAT-2 satellite , stereo images, digital elevation model
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The Application of Big Satellite Image Data Platform

Sheng-Yun Yan'"  Chin-Yin Chen?

ABSTRACT

FORMOSAT-2 satellite was launched from Vandenberg California, United States on May 21, 2004. The
satellite joined mission orbit on June 2, 2004 and photo the first image on June 4, 2004. FORMOSAT-2 satellite
has the higher orbit and more viewer, so FORMOSAT-2 images the same places on the surface of the earth at the
same time every day.

Image Processing System (IPS) is independent research and development on NSPO. The system is modified
for special case and is known clear how to verify user requirement.

There are the big image data on FORMOSAT-2 satellite from 2004 to present. It is important how to plan,
store and reuse to media conversion for these big date.

Keywords: FORMOSAT-2 satellite - Big Data ~ Remote Backup  Media Conversion
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TR B AR ZE FER LA A IR AU - 61
QO FIAE S 1 2 Y 35 R U R P 5T (FPGA) B
FeAE RS-422 /il A B HIAMFRU VR TZ - 5
it SRR A LR B (S 9Rpa BEEs H A2
AMBHRZEF R E o AT A S50 staefs
MEREEAREAVBURE A BRI E R

FARATRE RIS -
B TN EISEE - Space-qualified GPSR #g{:
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T B EEERFE(Single Event Effect/SEE) XY ERY

FHESHILEREZAEH T Al COTS Version

%2 RZZFEHIA GPSR JBEHEH U E T

PREERE - BIUTE R ZE BRI MFEC IS - THIGE
K T-Fe 5 (Single Event Latchup/SEL) %5 fERY
B ReE RS DL R A TS (Watch Dog Timer/WDT)
PR o R ZE AR BRI T Z VB AERY
BT T EYIROR 2 For o MERRA
ALEER A% 3 Fm -

1540 # ThRE w5k BE PG /rSE R
f59%EHE2S | 1 | Fixed-point Digital Signal Processors SMJ320C6415 Texas Instrument
RFfH4H | 2 RFFE Module RFFE V5 NSPO

% 3 All COTS RiABLARZE B4R A GPSR JEFE M BUR R T Ehfi &

i | 4 i All COTS hfAs RZEFER A .
S8 HE : o N i
T BUER/ BHRE T BUSR/ BHRE
Adjustable Low .
1 Dropout Regulator ADP3334AR Analog Device
Input Non-Isolated
2 | Wide-Output Adjust PTHOSSOOWA Texas Instrument
Power Module
ISERN -
EE”F RHFL4913A | ST Microelectronics CF““C“‘:.T)‘"’I"
fHaH Input Non-Isolated | 000000 A ompatible
3 | Wide-Output Adjust H Texas Instrument
Power Module
Ultra Low Noise, 100 National
4 | mA Linear Regulator | LP5900-3.0 | Semiconductor(now
for RF Texas Instrument)
{Eljﬁ?ﬁ 5 F|>_<ed-p0|nt Digital TMS320C6415| Texas Instrument SMJ320C6415 Texas Instrument Functlo_nal
THSE Signal Processors Compatible
Antifuse Field .
FPGA | 6 | Programmable Gate |AX250-PQ208I Actel RTAX250-PQ208 Actel Pin.
1 Compatible
Array
RF f& Pin
48 7 RFFE Module RFFE V5 NSPO RFFE V6 NSPO Compatible
Low Voltage AT28LV010-2 . Functional
8 EEPROM 0TU Atmel 740408 Maxwell Technologies Compatible
. MAX3093EES HS9-26CLV32RH . Functional
Sl 9 | RS-422 Receiver £ MAXIM 8 Intersil Compatible
OIS | 1 | Rs-422 Transmitters | MAX3030EES MAXIM HS9-26CLV31RH Intersil Functional
E -8 Compatible
Single Supply . . Functional
11 Comparator ADB8561 Analog Device ADB8561S Analog Devices Compatible
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2. shsRtEmsTiAlE
(TID Testing)

FHE% 3 A LAE ] » W (E ST RA R R A AR
FHAHIE] B IR 22 K B A AT A 4H (RFFE) DR 851z
{E9%EH 25(DSP) » FrlAfEatat bVARI D ERE
P {E Z R B AR -

£33 HUtbEFR F ] DLEH » WifEhk4As GPSR
f/J RFFE £ DSP #3(siFf] COTS 2244 » fiiLL DSP £l
RFFE WiTH COTS Z-{riE IR THYE(LIET
PR B e A7 E Rt E B Y - {E 2B BRI
FEHEEE| - (E{RHNEKE E (LEO)HY# EAL B R
YAER B B 4E R krad FE 1 krad AR AT E E
2011)(NASA, 1996) - 7% D

(Avery, et al,

FORMOSAT-2 Hyfir{f-E{ THE e - GPSR HYSIN# Fydin »
JERE Ry 4mm BRI T R IR B 44E 6 krad

EEBAEEFERYE LT FEESOHERE
PRI N0 —EAY 24 (8% > SO0krad HYHIEK{R

rad/h 36 360

rad/s 1\ 0.01N 01

e R
(R R

ESCC22900

MIL-STD-750E
Method 1019

gL S e S -

F7A Space-qualified GPSR 431 B 1975
DURESHYRE ST BT AE B R S IS a T o KR
(R T All COTS Version /] GPSR fifi A< 31 7 5 -
S0 > PR ERCAHY GPSR & {EH] COTS HySHf
SEATImIALE BT ORI 3t ¥ COTS By AR
AT TR ARG 2 BAF RS BRI YL
T - R ER EZ R ERE - A
s E T R EIAR B R TR T HY
SE MR ZEHELIETE - AEAHRARY SO P a5
5B T (B R A 82 (Lt B R R
%55 (Bogorad, et al., 2008) - ESA Eil MIL-STD ¥f
B S 2R EFRAE 2 AR - fE S5 T IR
7 (Department of Defense, Dec. 1996)(ESA,Oct.
2010)y & AT HIE AR T - IS 0 B AR R
(Low Rate) DI 57 fEE 7| & %2 (Standard Rate) » R &7
HeEgt B 2/ 01F 50 krad ALK IR FE 2%
*4-

3.6k 36k 180k 1080k
] ]

MELET A

MIL-STD-883H  HIGLI%( D e L
Method 109 ELDRS FRAET
2 RS R E R
22 1 GPSR Ei RFFEHY TID f{&&:
o flilhes flilhces HERIE TR LR N .
PN SR . | EEEE (EYES
(rad/sec) (rad/h) (krad) (h) (29000Ci/1000Ci)
RFFE
R &% 0.075 270 50 185.2 1000Ci 50 /247 |01~05
GPSR V5-2
3.4722222 12500 50 4 29000Ci 45 /N\457 |GPSR V5-2
FRAERE R RFFE
6.9444444 | 25000 100 4 29000Ci 30 A9y 06-07
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2.1 5 Rt eme Rl ER oA
(TID Test Setup Description)

i S Bl e L VAN = RV =B ket
FCE A& 3 AR - E2ER LAy R =8+ EfE
SRR 2SR R TR I5 DL R s e e Sk e

GPS (E5fiEHE 24 122 H GPS Rz
FARZERAT RF Cable FTaHp - HEFEHH GPS &
Tt as PV HIE SRR 28 2R (B RS S R - S E A
& Z B4 (Static Scenario) » Y GPS EfiEs
fir BE&ZEN(PX, Py, Pz) (6378137, 0, 0) » 2L &=
(Vx, W, V2) 5y (0,0, 0) iSFEAYEE 5 (E 1 ST
HECERHIELES -

B ARHERSTHEAS R HE T — S8t N 15T R
(AR 30) - HR At FazzUlr T -

A DAY Al PUR A TR - B BE fm AT 4252 100
rads/hr % 500 krads/hr SRR &R 07 5 - WSEKE
ARSI & -

B E R AR L E R % mE BRI E
25 ~ B RS-422 4 mIHY R TAER: DL AR
STELERFTARRY > il 4115 LabVIEW H#EFT 2%
HYEE o AR LA B IRE - (EF &R T I DA
TR = T BRI B ZE S - T LUE AR RS
B TR « SO0 ARSSHAYIRGTT - BIR AL
JEESNHZHETL) 15 SK~20 SKYMYEIE - Ky T
ORENE SRAVERENE » TR AL IESS Y O %S
SR IR R R R I BV IREE B R 1Y

|
w

THEER BRI
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2.2 =2EAIRMESFZHFIREE
s ESER (Al COTS Version
GPSR Test Result)

All COTS Version GPSR 4% | [ J¢ A [
B 7] S 4 AEL R A (B S AR ORI > 35— &Y 185
JINB BRI B SR 4 8y 50 krad AR T IhRE
{EESFEEANE 4 Frm » JRIEGS SRR - HIE (b
P E RN TSRS TR S5 E5ERGE
{EPHIER TR » MEAARCRAEE » NE{hARE IR AL IR
HYEETR - ﬁﬁffﬁﬂa’mmLM/J\HWE%@EWH%&%’@*—f'
sT& Ry 50krad FHIUAETTHIE » HIUZRE LAy lE
5 Ffiw e

S0 Befmt GPSR 3 RS-422 {Hi% HHARHY
BT N — B

BN

10

Power Variation (%)

0 10k 20k
Total Dose (rad)

BRET Fhe FOH REI 1045028

TEPE N ARHY BRI B AR A RRS AR T - GPSR
HRES0 IE MR L BT 55— RIS AE HIEAT -
25krad I LLRCHIEIR Y 100 SEE sl Ef T4REaT -
N EEREESr ARy 1.52m ~ 2.19m ~ 2.42m > SEEEE
EERsE B 0.023m/s ~ 0.024m/s ~ 0.037m/s » [
AREVERAE R & ARG » B B2 R 1.51m >
jﬁi’]LEEﬁ%E 0.026m/s » FEAET & Y (i1 B 3 7=

RS SRAEE 2 [E 6 BlE 7 ot IORIEH R
EilFE R NEGER HEENHE it EsR
JHERAE R R FE (725 All COTS Version GPSR gE#9{E
100 krad T{FE o PRSP HDRIESS SR AT - 1£ 50
krad HYHEHEIE T A e (R B 2R e AR
ARG T - GPSR #igE4y IEHE MY TIEMIZ
HHHFHIMERE K -

30k 40k S0k

B 4 K25 T GPSR 1T (LB

157

o 5
g ;

Power Variation (%)
=)

-7.57 ; ; " 0
0 10k 20k

Total Dose (rad)

30k 40k 50k

& 5 FEEHE

R GPSR IR EIETE
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%5 (EHIERGEA T GPSR [ BELE P

e BB E PR R
Fi B k) CRIFD)
0 krad 152 0.023
25 krad 2.19 0.024
50 krad 2.42 0.037

0 10k 20k 30k 40k 50k
Total Dose (rad)
6 P EREE T GPSR I BiR (B iR E f 3.14 m)

0.2

Velocity Igror (m/s)
=

00 ool o b

10k 20k 30k 40k 50k
Total Dose (rad)

[E 7 FEERE ARG T GPSR HYRERE (FR#iA2 Fy 0.114 mis)
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2.3 P FRIR A SRR Im AR HE RIS
#S5ER(COTS RFFE Test
Result)

Hi® RFFE {EHIAYE COTS 4 » {fHE
BRI = B Y B S BURRE 1 - A AR AR 25 (8T
BT BT RS - MR Sy Al 2] 5
{EE2 2 {3 ml{E G R GPSR (£ RFFE [y
JE\fg S All COTS Version GPSR {57 F Y H 24
[E]HY RFFE > i At 18 GPSR K HIEA e HLfghE
RETT - MM G MR BUHE 2K RFFE
PR R TR DI RE ARG - BT DATE 12 (B8 1000
o MBS ERRE(LLL K 16.368MHz
Y m AR R i e (TCXO) AR (L IET » 4Y 185

/INIFMEC B2 32 H 47 & 4F 50 krad {FR{4 A 5 (&
BRI E AR WAERERDENEIE W 1% > fEAE
PR SRR R - KRR 48 A 242 = F1] 100krad »
WEHER AT HIEEZE - & 6 &y RFFE AYIj3E
(BB - 540 5k TCXO <ZdEat MBS ey &5y
Z PR TE SR (A LS A PR A B S pE Pk EE—4H
RFFE HETTHSHVEZE > (RS T RES R A2
TREAFEAE P &Ry B 22 o 1 DURR i 6 AR
TR NETY - EEAVEDIE SR A0E 8 BidlE 9 Fiw -
TCXO HYSHZTM BUHIEHI R VS B IE sk 7
A HEt R EEs Sl [E % TCXO
e 52 iy HH Y FRAE{E. 16368000(16.368MHz) » JHIE 4%
SREEIHAE E 50 krad FE{R7| &2 E 100krad
FIREAERI AT RFFE ERA]DUER TAF

% 6 RFFE 1281

I (mW)
e IR RFFE SIN

SIS AT 25krad 50krad 100krad HIE R

01 68.9 68.92 68.937 68.94

02 66.2 64.8 66.0867 65.4

@SI%C\?rite 03 61.38 61.48 61.6068 61.4

04 67.8 67.61 67.402 67.5

05 61.4 62.31 62.304 62.2

06 65.3 65.2 65.3

100krad
@ standard rate 07 67.4 67.6 67.4

N
=
£
]
i
Q
<
@)
-

10k 20k 30k 40k
Total Dose (rad)

8 (ISR T RFFE HYBRTER (FRih S/N:01)

50k
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TCXO Drift (H2)

Total Dose (rad)

0 10k 20k 30k 40k 50k 60k 70k 80k 90k 100K

9 FEAERIEAT RFFE RYSHRTS (Fmm SIN:06)

% 7 RFFE ST SRR JIEAR FHY TID Msticrktiisk

321

RIS fETETHEE
| EE ] ReRE | g | goskad | @50kRad | @iookrad | UEVE | ey | R
7ol SIN e 168 hr e 168 hr
(rad/sec) (Test Site) | (Test Site) | (Test Site) (g{;“ (@NSPO) | (@NSPO) | (@NSPO)
V5H-01 7 17 27 24 i b=
V5H-02 3 14 23 20 ] ]
50krad | 0.075 | V5H-03 -1 11 24 21 ] i
V5L-01 7 19 26 23 il b
V5L-02 5 18 30 27 i) ]
RFFEV5-1 -1 4 33 i i
100krad | 6.9444
RFFEV5-2 23 41 67 il b
3_ J&ﬁ% SEE ;&ﬂge’gg&bg & 3¢ 4 5 R RS/ 7 25 i B R Bl B 2 R ry 85

(Single Event Effect
Mitigation Design)

FE T BT WSO AT R 22 o 0 L T e A v BB AL
THEPH ISR B T Z LA RES |44y SEE AYJE -
i SEE MK £ 2 A 73 Ky BLAL T Bl = 1
(Single Event Upset/SEU) ~ B T-#28H5{ (Single
Event Latchup/SEL) DL K B i - 1y g o B =5
(Single Event Functional Interrupt/SEFI) - SEU %%

i SEL S fEA]

REE

RIEE RS H kR G R R R -

WA R BRI B B - TE HSE E B R R D AE
FHE B AIEFRFy SEFI ZUE -
1F Space-qualified GPSR tft » F{fj¢+%f T SEE
RBEREY SEU ~ SEL LUK SEFI BRFHA BV EE 5
= o AEFEILE SRR By SEE &R > AT By
Space-qualified GPSR J&4% SEE #fER LT T2 +
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3.1 @i#& SEU WE%ET/H3E
(SEU Mitigation Design)

1£ Space-qualified GPSR & Z {1 DSP £y
FE B R SEU JTif- KEL3HY DSP Ky 1
fEm HETRER  # SRR &R E B
sUiEAe T o R AE R EN SRR - 25 S
DSP 1y SEE JHlzt# < (Iron, 2008)(Hiemstra, et al.,
2005)(Hiemstra, 2009) > DSP {1 B ] HE PR Ly
S HRE R AR R - i EMIEE IRy DSP
& COTS Zff » [N AHRSTHINEEE DSP HETEC
RSB R BT s B DR I EE =
R USRS 2 B A DUiE S s DAYSMREC IR A w2
—TEIERYTTE - i AFR R R E R E
SMEECIERS S E B M RE KRR M S AT
% THIR A B AR SR B M GO IR RS
SIS 10 & All COTS \ersion GPSR i
Space-qualified GPSR &1¥%]5i45 SEU RXUERVERET
Space-qualified GPSR {2 ZUE % £ A 22 T 4R TS
ERECIERES - 1 AN B IR RS R 0 G Y R B
{S5%  EASHHUER (93 A4 BRIy - U Eid
Ji SNR FE{FEAR - MDA KR E - It » SEU
Sensitive Y DSP NERECIBERE AR R 1024kbyte
FEEERE] 64 kbyte » [ SEU /£ AV 93.75% -

11 {58 P PR B S W A AR e T B PR - PR
11 Jeds B2 &R T HAR S i & i 5 e ry
30% $Z=%] 90% - FEUHRATRERFE S TIF -
N BEAATRFIRE AT 2R 22 4R FPGA »
N E AR A E {7 25 (Micorsemi, 2012) » &)
REt & SEU WY $1¥ FPGA HISEU [HRE -
1t FPGA [N % f 7 17 &5 (Register) 7] DL {t H
TMR(Triple Memory Redundancy) Ay -

3.2 @& SEL WFEAYERETHEE
(SEL Mitigation Design)

1£ Space-qualified GPSR f » T8 T SEL
Free [URFAESEERRACHEST SEL AU NIEEHEE
(Power Recycling) - (& 11 A2 R R el DLER]
& EEE Parts [~ SRS HYERIEE 2L SEL I » {re& R
FEEEITIES)  BRPAEEIR - W TEENENE - 55
§h - Ry GPSR NEREFFLHIFFEEEE » A RHEF
R Y HSF ] 28 0 T e R BRI PR S8 e B EH BR
SEL & » FrlA{E eERS e s T AL SR BB —
TERIGRIE T A S EXEENE R - (EE 12 A PIEET]
SEL (s HIEEFR LT 1 s (E=HIF SEL g 55 EHE Y
{E5% » MiE 13 7] B FIE E B iR B IR E R EEY
IREE -

4 TMS320C6415 2 4 SMI320C6415 2
B (E5REE2S B E5hEESS S oulifed
pace 1€
1024K Byte SRAM 104K Byie SRAM e Qul
Code -
Non-Critical Data Critical Data
Data
64K Cache DA ﬂN@NM Code
\_ J \ J N
All COTS Version GPSR Flight Version GPSR

10 JE&% SEU SUMERYREE
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IsBEEESTRAISEE SEE JRESRES

wRL_
. N RFFE SEL
Y] AR
3.3V
PWR w 1 SPSEL e
> 14V L4V RIS T EBUEERR
: CLR
3.3V Interface SEL
33V IS
.
L

11 Jek&% SEL XUFERYEET

Measre basks Math MyScope Lkiitiss  Help
24 Feh 12 11:11:09

12 SEL ERP& @R P IE

3.3 Eii& SEFI WAEAYERETH=E
(SEFI Mitigation Design)

SEFI KR#E 72N RfE SEU A 18 EHEE
RREBE SR A R 28 A2 EARAYER 52 - T VB ERY = R
b JC {4 5t & COTS #y DSP Hi RFFE - 7
Space-qualified GPSR tf » 48 DSP A& {5 HIFE=
B AR F S AT SEE YIS SRAM H - [IWE 5y
REABEENEERTT - 5550 » COTS RFFE (N[t A
e E HENFE T HVECIERS - BT £ 48t % DSP B
RFFE #4117 ={& Watch Dog Timer g A > i
FPGA #E{TEY » &R EE 14 Fn - &%
4 SEFI Wf - Z 4 & # 17 & J§ = & (Power
Recycling) - Watch Dog Timer & A Z[5577 BlEHE
DSP WYEI{ETSIE ~ RFFE HYENEE I DL RFFE
HY S5k L AETTEE % - 5991 - Space-qualified
GPSR A RFFE ys%st » # SEFI #/Eff RFFE
I ZAE T KB g 5B U E 55—

13 SEL {5 {5 I &L 2t B L s o [

RFFE -

4. f&em

R A4 SRS T S IR AR A
Hrig g AR EAE 50 krad (R ERDLUR R
5 2RI EAE 100 krad FEAER &AM E FIEH]
SR T COTS By AR RIS AH AR NEF Ay -
1T DSP e B S AR B R A A S R A
TR > frfesE T RBP4 50 krad HF > HIJREN
fIEHA B3R - 5340 1E Space-qualified GPSR H >
(i = AT SEREAY AT SRAM  BEZRBE AT T BEAG R B
B IR Y JREE SEU SGIE st ¥hses
SEL i SEFI HyxfE » izt T $ERTRET 7722k
KGR ZE Hr s REAL TR AT BRI Y GPSR Ay
AT REEE R =THYRR A IR N - (EFIERS> COTS
BT Z(HY Space-qualified GPSR Aef#RESTIEHIE
IR EHIE f AT -
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FPGA

WDT

B {E9E

Befi (SR
%iﬁ PWR
EEEH ||
RST
RFFE A

J_,—» PWR
RFFE B
PWR

RFRST

PHES SEFL

RFFE SEFL

CLK
ATk SEFL
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14 JGi4E SEFI IEYEET

I T S TR i R o L
(AR B SR ARt T T B S
% -
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TID Testing and SEE Mitigation Approach of a Long Mission Life
GPS Receiver Using COTS Parts

Chun-Chi Cheng ¥ Lin, Chen-Tsung?  Chen, Tsung-Lin®

ABSTRACT

Compared to conventional hardware GPS receivers (GPSR), software GPS receivers are more suitable for
research and development. Software GPS receivers can be dynamically programmed in software to reconfigure
the characteristics of GPS receiver and new algorithms can easily be integrated without changing the design of
the hardware. However, the most important issue for this approach is the computational load. It can be solved by
using the high performance state-of-art digital signal processor.

The harshness of space environment, such as Total lonizing Dosage (TID), Single Event Effect (SEE),
always cast certain thread to GPS receiver intended for space applications. Common resolution to cope with this
thread is the robustness of space grade EEE parts toward those effects along with the protection of circuit design.
Nevertheless, the most of the state-of-art EEE parts are not space qualified.

In this study, certain Commercial Off The Shelf (COTS) parts such as COTS level RF Front-End (RFFE)
and Digital Signal Processor (DSP) along with single event effect (SEE) mitigation circuit design, are considered
in the proposed GPSR design for their advantages, such as availability, performance, size, weight and lead time,
over regular space qualified ones.

Keywords: Hardware GPSR -~ Software GPSR + COTS ~ RFFE - DSP
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