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Precise Orbit Determination of FORMOSA-3/COSMIC and GRACE:

effects of attitude, antenna phase center variation and mass center

Student : Yi-Ching Shen Advisor : Dr. Cheinway Hwang

Department of Civil Engineering

National Chiao Tung University

Abstract

The Bernese 5.0 software is used to compute the precise orbits of the
FORMOSAT-3 and GRACE satellites using the kinematic and reduced-dynamic
methods based on zero-differenced |(GPS-phases from these two satellites missions.
This study concentrates on the-effects of satellite attitude, GPS antenna phase center
variation (PCV) and center of mass (COM). The RMS differences between the orbits
computed with observed and with nominal attitudes are about one cm; such orbit
differences may reach 10 cm in the‘case of low-quality attitude observations. In the
case of reduced dynamic orbit determination, the 3D RMS differences between the
orbits computed with the original COM values and the biased COM values are less
than the given COM biases, and this is attributed to the pseudo-stochastic pulse
parameters that partly absorb such biases, whereas in the case of kinematic orbit
determination, such orbit differences are almost equal to the given COM biases.
Based on 5-hour orbit overlaps in the radial, along-track and cross-track directions,
the improvement due to use of PCV is at the sub-cm level for both kinematic and
reduced dynamic orbit determinations. The most significant improvement with PCV
is in the radial direction. For both the kinematic and reduced dynamic approaches,
the 3D overlapping differences between the orbits with and without PCV are 0.82
and 1.89 cm, respectively. The reduced dynamic orbit is more sensitive to changes in
attitude, COM and PCV than the kinematic orbit. In general, the effect of attitude on
orbit is larger than the effects of COM and PCV. The attitude data and control of the
FORMOSAT-3 satellites are improved as the orbits are raised to higher altitudes.
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(Average Terrestial System,AT) » 2 £ 5 & 5L chpe 3 & 4% % (Conventional
Terrestrial System,CTS) » 4] 2-3 c B &L Lk SR BLZ B R FE ¢ & 0 Z b
w 2 BIH %_% ¢ CTP(Conventional Terrestrial Pole)> & I {7 » % + = B]+ fr BIH

HRFDTFEBE X Z WD T gy B S BB AR 6 B2 B

Y it X~Z I ApEE @ A58 - 438 2 &4 % (Seeber,2003) -

Meridian Greenwich

conventional

equator
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2-3-3 fiFk $uif 294 (RTN)

FRCBERMETE G0 AT RAE R GO R IR S
XY Z)ykZ7eh o BV R* Fh g K Bl 4 2 F R HGE m o AR
(Transverse) ™ ® > jp & j5 > w T » (Radial) 2 &g & 92 S (Normal) = » &

B HAA o aATEBIEY 4 HE PR EE B F LALALAn L £ AR kA

BOEHFLER S (i Frd AEEY AT 2 ) BiFA4 24
¥R NGER R4 A RD L L B4R 45 (RTN) T {FA 45 o gt oh > &
RTN 557 » B * ¥ 2 5B F L8174 47 > 4of]* high-low satellite to satellite
tracking (SST) H\ A 3 RAH R E 4 FpFr > o (R > %) o 34 b2 %

FRE o
2-3-4 3 ¥ F LR % 3L(SBF)

Bt R ks o 0 fEh TR P (@enter of Mass © COM) 5 it Bk > # (7
Grea Xghodge ot e 3 Zeho Yihe X~ Z fh= o 4k ks o B X b
I nE A F G roll (@) 0 SEY dhdd chE i & L5 pitch (8) > ¥ Z hedg
E fEAFES yaw (o) o FEFELER LR ITY LR AFLE ARBLIEY o
FhoppEz bR RELE BRSPS B L RAcd 230 bl

&;“L%i)‘;ii{rﬂig?ﬁ& ;ﬁrgﬂ s Hoh A 2R Ba kL T 7 Ak

&
I

BRBLRIE T CIS & CTS PF3g & i@ * rh WAL J i s ¢ BERY

%, 4z
4%
’F%l— PRI
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# 2-2 RTN #_&

3 WEFE
£4 %5 R

R /&% » # % 3 F < (radial)

&AL i T |*% > % #ir#ue (transverse £ along-track )

N |[#uE & ;2w (normal & cross-track) &2 R{r T 4= + £ i

K Cartesian ® % 4% %

# 2-3 SBF #_%

A 8 s R
%3 T FEKG L T g
XspF i FEEF = % > Roll #
& AR Ysgr i+ Piteh b
ZspF i+ Yaw fh
gk Cartesian & #% 4% %
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2-4 L REH

2-4-1 ¥ Fk R g b2 AR

FEER S RN ARM A RRT a B GEER LR T
TR R LS B FA FE L R T A S et B £ SR A ARk dueh
TRk AE T REBFREHRAS PRSP R R ABE IR LSRR

BlE bR BT e e BT W B AL BT Py e

Tre = SNPT, (2-4)

S @ & 4% (Polar motion)£? & 3Rip 38 2_ 4 fr4apil
N : F # (Nutation)i# 4% -5

P : #& % (Precession)# $ 52

2-4-2 HFE P L BT & 2R 2

rtn A B R A FEEEFE LR AR e 0 BRI S EEFEES RS BB
FEzo o A w s T S e 0T e (Radial) » JF FLiE w947 5 @ (Transverse) e i
g & o2 S (Normal)> o k& 77 o U fodd s F kB k2 HB AE > 7 d B
24 KA o B QFBRBAL ERV A LT RIFLEZ L 0%
HREI T B AR i A LiE o M 4 c Flu kB RAERIGTFLE D4

e (S & & BE > argument of latitude ) » Flu=w+ f °

ik i H AR kB E A SR ko AR A A2 B R d TN A
7 X
t|=R;R, (DR, ()] ¥ (2-5)
n Z
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He s RLR,, R, A W] A AE%E Mhhen XY, Z gk 45 (Seeber,1993 ) 5% ¢ 2 1,i,Q

Biad B4R ke B E kenE gk o 5d (L E T E(2-6)7 o

-t

r o ha hs | X X
t|=|r, r, n|Y|=R|Y (2-6)
n ry oty Iy | Z V4

(2-6) % > TG FEhE R AR B E & SR k2 st o

R:*E'“E-IE N )Ié- ;u—% 4T

1, = cos(u)cos(£2) — sin(u) cos(i) sin(€2)

r, = cos(u)sin(€2) + sin(u) cos(i) sin(2)

1, = sin(u) sin(7)

ry, = —sin(u)sin(€2) — cos(u) cos(7) sin(Q2) (2-7)
= —sin(u)sin(€2) + cos(u) cos(i) cos(Q2)

ry, = sin(i)sin(€2)

ry, = —sin(i) cos(Q)

1y, = cos(i)

X r 7
Y|=R't|=R"|t (2-8)
Z n n
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€O

v
=<

0 1

/ Equator

W

X 7 (Vernal Equinox)

W 2-4 ke R HEL) SIS € 4 (XY.2)2 M (R

24-2 R WAL AT & k2 R

© 4w POD % Mz fikk H L 4h > Flot o jgd ik B ih kA bk
l;‘i

S 2 R R POD % M2 AR &

1989) :
Ar,
]/'I :QRV+ Ary (2-9)
Ar,
_g v



Q=R,(p)R,(-9)R;(x) (2-10)

# 0 2R, () 8 x et roll & & 2 e d > R,(-6) L% y phedk § pitch &
2 g R R, () L% 7 Bdt yaw & B 2 el RN St 2 e el dp o B

BoplvEQELs 2384 1 (GSFC - 1989)

q,, =cosocosa

q,, =—sin@sind cosa —cos@sina

q,; =—cos@sino cosa +sin@sina

q,, =cosdsina

q,, =—sin@sinosina +cos ¢ cosa (2-11)
q,; =—COs @sin J sin o —sin ¢ cos &

gy, =sino

g5, =sin@coso

q5; = COS @ COS O
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$23 TREHBIRERRL G 2EH

fFh £ 404 % Si(Attitude and Orbit Control System » AOCS) i & 73 5 £

TEBFFL AEENEEREHREZ BT RE TG 2 FE TR 8 F
Eopmad BT AT o et 2 A RRE S ErE oL FFE AL

BEERo2 o mE R EREHERS k> £97 Feandpd] 2 22 54 i

#i gr[_;FKg ﬁ;:,l;ng. l];{\:gﬁiﬁ:}g,?]%’—ﬂ;f ’E’lﬁ.‘i"ﬁ’»#ﬁm'&ﬁ*&

e
o

B R - AN AME ST o ot B RBIE (Sun

M-
Tk

RPIELEF =
Sensor) ~ ¥+ zk g p| ¥ (Earth Sensor) ~ ‘= ¢t& ¥ T s E BB (Earth Horizon
Sensor) ~ 12 % R ip|® (Star Sensor) % 5 % - XA UFEHEL 2T 2o 4o

.

BHR B E (Magnetometer) % = <~ #F 2 M EF L 542 o ol R

B

=

=f

(Gyroscope) % B # EGPS&EIRBE F Ao b iz BRI ErL T RITRA LT

-

B BRENELS e A B F A SR RS 2 B < B L £

A
3-1o &% 31 & 44 GRACEZ Rz BhE R4 et s A B PR EFH

3t e
3-1GRACE #k & 4] 4 5

GRACEfW % % 454 4 w“’f TR KR Bt B R apiite 3
7 ja % A7 B (Star Camera Assembly » SCA) ~ p # R J& ® ( Coarse Earth and Sun

Sensor > CES) ~ GPS #% 4z ¥ (Black-Jack GPS Receiver) ~ = #hff 2 %4 % &

(GFZ homepage) > 2 ¥ 1 & 1 4|GRACE##F: Z i cn R B Lok sgpg B2 p b

B o GPSHEfc BV 4% 0] 40502 ¢ TR R B E ] A RR Y o Z PR

A

THEBIOLFEREGER ARG PP X ENFLRINVHRE- B E LI

18 % st Bd  Danish University of Technology (DUT)#7#7 3 % 2% » M K %
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‘F}-

§ 7 I%ia & #ER S (star camera) 1 2 - IRF AL RITEE 0 LRB3-1> T afFhk Z
T

i
BArug dpd] ks ¥ ot ik el e 2 RPN E D FEIF S 0 4 & LR 2499
PR R P BB T E B MR A R R LR

o

—

DR LR L > ERIF B BPHA BRI X R4 F I BHD
FHY - AR V- NEABVBR R ERE LR BiFEE L EER
A R 703 mard » Hp F M R A i ) R370.1 mard o

GRACEZ PR R BRE? 57> BRMBE > H ¥ - % %304/ Z % (nadir
Z zenith™ w) > ¥ A e BFE 2w PER2 E V2 ABZALT
Ao 2 & & % S*GRACEE (74~ ) 2 18 » & > 050 & (7 pFig g - £ 0p1 45 F11-273°C
F] +140°C > f#245 & K5 02°C > P 3 B R BR DT o R 5 FLZ (dho 2

) E A R GERY PR S BNkt RIDEATISE

t

%

B 3-1 GRACE :hija b st B

(http://www-app2.gfz-potsdam.de/pb1/op/grace//index GRACE.html )
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%31 R AR R BB AR

B Rl E BB ik R
ok A B . 3 #HmER 1. £ 2R 1
2. T RER 2. W EE
3. % % g 1 3. B R4
4. 2855
5. BB B
6. FEEA4Z L T &%
- BEERE LR
xR R E . "3 A B [ eep 4 R 1"
2. AT EM BB
A F A S
wopgope | LTS gk s e 0.1°
#h 2 b IRdp e EAE PP
2. AT R R - h
3. i 3. ZEP LSBT
bR RE £ EM> £88 |1 ¥ g 0.5°

2. B REAAIEHT S

3.V EEE REIAR
+ %
R 1. 7 %% %+ 2L 1. T 22848
2.3 % fig U] 2. HFER SR A
3. # 3. 2 ERE
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32 AREZ BT A AR

1T GRACERFE @ 2 0 ABFZ 5Lt 5 0 & B4 R BB hln kg B
A Z AT KR > XX PR ERIBEEA G AoRI329T o T HBE
PIEF ZEAAEL D (1) *BIARERES (2) VS BRAES (3)
B BRRBE - CHBRERBEN AR o URIE S BRRE R

PR TF RGN LSRG 2 Mk b ood A B A W R Bk R s LR

1%
B
L
/._&\_
c?‘
=
'%?ﬁ
F.»k
R0\
[\
%
A
=2
\ &

TEF kA e F o TR AR BIRT

XL AR FRE T T ABRE  SHBERED LT L R i)

(]
=1
]
il
|l
i
e
A
jo
A
o)
&3
sl
=
w

| i E EEEERPIEER LY R PR
MO fe Y PR R KB R PI B ELR EY T UKL B e AR 2 AR
o A ypF T LR PR s o A HBRRET 82 % A TR E o4 s 4118
Ao RFHBROEEFEEORR £ A REE FIT S B MRE L9 5057
DRI EEZ RN FEELEGICRET LR o d HE L o] F T

PEs FRR - ¥R Y M RS FITRAY TR - B CBRERE

34
\...

Tk AU TR o d 3l SR e R R i (B4 R
v e o dnE Bt B ERIED ARILHR B I WIT R LF3-3
BRBERFEAFZIHLRRM S » > R TIPS HFLEL -
POARRZ B B TR KT A BEHRBIEREE - BEA MR
Bpleha (7o 3 TR B T8 WP B TR BRI hE - P R hX 4> Fpl ok &

LB TRE kE B DA o 0 0B IR MBLE (R B B R B e

i<

FAR 3 - BAEROAE S o Ft b F AR A R B s
AR E BTG RS o TR R B R VR R R AR LA
G b fH N TRBPEI X AW BRFIRF T DAL B TRE
BRRIE Bd P E82 LT B Ered SRR ESENE - B

TR E AR RIBARRE I T a2 R MR Sk kb R 0 T A
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Ber PRI ¥ - BREREI RO TAR P B A TR RE -
AR TR R RE 1T A4~ 16mm o F LR E A Y F LB
£ 5 b 525 ~ 50kmibA F ¢ 2 F L Ald ~ 16mmek B chiz b S dg sbsh B
HOEFF RN Sem g 2 R0 0 FP 1 T - BB el th AR TR
BV EEERL TR e n P AR EMF B k2 KR 2 HhY 2 AR
Biag FF 1T FIR @RI o
B EY KRR IR IEERAE od R3¢ E - 28 e R
SR FRT O E A 3 SRS R a Bt I ek SR RIERIE
CAYVURET AR REFOE Lo RERIER Y N EEET ELRE
FABRT: (1) ALEL - ERREVRERFZ w2 2] (2) #7
FhRESFRE-EPESAFHMOTRS (3) T FTERFRA (4) 28504
AR BERRIE AR G RE 0 Fl R RS x> o
MOARRIEE R BB D ek 2 BB F L P E R

WO B F R G B S0 R A 1 # B BLE R N IR

=k

g AT R BRI P P RIREH LA S s BRI o - AL AR L

SR R B LH2H1000 o 2 02T o (Wisniewski, R.,1998)
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Reaction

Earth
Sensors
Sun L.
Sensors 1 l

‘ﬁ = 3 i I V_-'.H r '.'-"_ )
oF EHANTS &

AN s — e e B, s s %

B 3-2 A@f#r= Hoi & L0 5

(http://www.nspo.org.l:_-g\'y/2Qé) jec s/ptg:iject3/c0mponent.htm)
. R ¥ 4

B 3-3 4Gz 5P 2 < BRERE

(http://www .nspo.org.tw/2005¢/projects/project3/component.htm)
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3-3 GRACE % f #r 418 it B B F3=

d 2 GRACEZ i & )k su2o ¥l o A BamdIi A A 5 - B i scg 8
HAEBE > HEHATHAI 204" > 4} GRACE GPS* ML H T BRI % L i
e A2 (radial)enfiE kB -3 0.450 me Ft o 1245 Kang(2006)F7 7 4p ) o i (7 6
7 T pF > ¥ ¢ * GRACE attitude nominal model(#i=5% % £ )P~ X GRACEX i
FREER O ZHY > L BHARDE B4 P GPSE MR F 18 GRACEZ
A2 T EESTA A s 4 i B8R 90 Imm

R oo od SR G 4 e (R GE T R R > d 30 N § e 4

50 XAH AFTT 1 E Bernese f3E R4 PLERF 0 I3 F R < A ko

ad

AR B S BGE TR TR E oA B L AR R 4 L S AR

£k GPSBEFEPIEEmn 2ty H i

£

g B F o E A TR T A o
Z 4122003 # 8 * 20 pr GRACE-A %, GRACE-B & 3f— % chff it (7%
» ] 3-4 22 B 3-5 4 &) 5 GRACE-A 2 GRACE-B t3 B &4k & 57T i * pLip]
FREFHEIESA TR 20 Mg 28 0% 3DRMS @4 9 5 0.0402 m
% 0.0399 m » [l 3-6 22 ®] 3-7 # 4] 2 ' GRACE-A # GRACE-B % Bk & 5 T
RrERPEIEETEES I A2 A AR S 0 2 3D RMS E4 %5
0.3647 m % 0.0700 m » GRACE-A 2. 3D RMS #+ chR F1 5 S8 pFy] £ B # 16
Ao EHAGE - 22 4e X > 3DRMS £50.1584 m e d Bl 3-4+3-57 114
N BRAELEFTRIESEILENELIEEROR FEREFL - e
Wk Bd o A LR ET i F A sok(edge effect) @ A 4 ’“/‘-i BB
FHEROXZ2 Y 22 LR EBRZTF A Z 2w LB ER RS F 362 R
3-7 7B LI % o B 3-8 2 B 3-9 A %] 5 GRACE-A £ GRACE-B ** 2003 # 8
P20 pR*FHREFTHISEREE RS L LR E 03D RMS A4 G
0.1166 m % 0.2998 m » ¥ # GRACE-B £ # £ £~ 2% 24 L P45 > 4 3D

RMS % 0.1278 m >+ 52 GRACE-A # A 40k » o BI¥ 505 Fh LB £ A T 485
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Wi ERAAREREEF R TEAREF S -

Difference in X (m)

Difference in Y (m)

Difference in Z (m)

0.30

0.15

0.00

-0.15

-0.30
0.30

0.15

0.00

-0.15

-0.30
0.30

0.15

0.00

-0.15

-0.30

LA DL L L B L BN EOL BN B LA L
10 12 14 16 18 20 22 24

Time(hour)

Bl 3-4 GRACE-A # * Bp|X i ¢ TR Z b2 pdd g 2 2 €

(2003 # 8 % 20 p)
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0.30

0.15

0.00

Difference in X (m)

-0.15

-0.30
0.30

0.15

0.00

-0.15

Difference in Y (m)

-0.30
0.30

0.15

0.00

-0.15

Difference in Z (m)

-0.30

B 3-5GRACE-B # * BLiplZ il & TR AN ZT L &2 Bé4 P £ 8 8

L L B B I LA R BN B B
6 8 10 12 14 16 18 20 22 24

Time(hour)

(2003 & 8 % 20 p)
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—
o
]

o
ol
|

o
o
|

Difference in X (m)

-05 4

-1.0
1.0 -

05
00 _
05 W

-1'0 1 I Ll I 1 I Ll I Ll
1.0 -

Difference in Y (m)

05 4

00 4 L

-05 4

Difference in Z (m)

-1.0

r-r 1111111 "1 T
0 2 4 6 8 10 12 14 16 18 20 22 24

Time{hour)

Bl 3-6 GRACE-A i¢ * p|Z i ¢ TR e T 42 P i pig £ 2 &

(2003 & 8 % 20 p)



0.50

0.25

0.00

Difference in X (m)

-0.25

-0.50
0.50

0.25

0.00

-0.25

Difference in Y (m)

-0.50
0.50

0.25

0.00

-0.25

Difference in Z (m)

-0.50

Time(hour)

Bl 3-7 GRACE-B # * BLP|ZE fi & 34 fofcsd

(2003 & 8 * 20 p)
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Difference in X (m)

Difference in Y (m)

Difference in Z (m)

@ 3-8 GRACE-A ¢ * Bl % & & FAl2 & i 2 b 4 o 4 8

1.0

0.5

0.0

-0.5

-1.0
1.0

0.5

0.0

-0.5

-1.0
1.0

0.5

0.0

-0.5

-1.0

LI LA L IR IR B L RN B
4 6 8

10 12 14 16 18 20 22
Time(hour)

Il

(2003 & 8 * 20 p)
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Difference in X (m)

Difference in Y (m)

Difference in Z (m)

—_
o

o
ol

o
o

-0.5

-1.0
1.0

0.5

0.0

-0.5

-1.0
1.0

0.5

0.0

-0.5

-1.0

L LA LA LA N HLA I BN B B
6 8 10 12 14 16 18 20 22 24

Time{hour)

B 3-9 GRACE-B # * pLip| % fi & FH 2 B A MF o pd+ £ 2§

(2003 & 8 * 20 p)
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34 iz BE B HIH LI R B PR

m\

A FTAREZ LA 3 0 AP GRACE Z ifprdl i v HAKB 218
AR B FIM T A AEE TRL O F TR T HEFA e REL R
£ TR E R POD B g F R hL R o ABF= 5% & T4 GRACE %

BEALERNG 772 F o 4BF= 5L = dhE i & B £ 7 > GRACE fFk B 22

§ AL E R EHHREP G~ hT TR § F$2006)473 B 2 FLif & ih
e

HEHH B TP L o TP 2 AR F 20060 & % 216
% FMS fk GPS 74 > X it 74 BBl 3410 > ¥4 FMS g F] 5 L gt ik @
g 23 &% i (final orbit) & 800 km Ay e § v &< i (thrust effect)ig 7

FED R ERAF D T AR P S E o F RRRE SR

FAEAS Z S ELETHE VFERCES B A 072107~ 1007 ~ 1807
-107fe-180" % = sk o gd A4 F ETT B
Lo0"~-10"~-180 " frticst % f & Tl e widskt@ 3]kt i £ 8 £ 3D RMS

g% 00 Flpt > 2 47 4r Bernese iR Y FE L AR TEL 0T A LR

FHEFTH TEI O R T RFEE R o

2. dRIZ-ID A EREERTES 003D E LR £ RMS E5 2.15em >

“il:

B3 0 COSMIC e # s % Py A& 5 Sem 240 e £ & sisk

I A o (IR 4

FArE A THPHEES 107 o * Bernese T A 4 E

Jeit 2om > et £ EPTRIE R R G AR E < PR

o

3. WA E A AERTES 1007 hig £ 82 € 3D RMS & 5 7.10 cm > #i058 & fi

2 w5 180 chiuif £ 8 £ 3DRMS i 5 7.1lem e €% 1 &

‘“—’M

e T g NE R R R R BT AZE 1007 0 Flt 11 B i gk e
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KA S 100722 37w o

4. PRk R 100723 2 107 3D i £ B # RMS & % 6.48cm> d ] 3-10
feBl 3-127 M @r > FEE & A 107 E > 7 b ehd G4 P ER
A2 ARTHELEE P EEFLIARCERR Y AL RE LR R
ik s R R

Ty 60 _
o i
> 40 |
=3 i
= 20
>‘ -
c
5 0o
D‘) -
S -20
(3]
S 40 ]
£ i
-60 T T T T T T T T T T T 1
Ty 50 _
(O] .
> 40 -
E .
= 30 4
L i
a 20
£ i
o 10
2 i
© 0o _
Q) =
3 10 ]
£ i
-20 T T T T T T T T T T T 1
— 20 _
[
o i
§ 10 |
3 1
= o 4
g i
2 10 4
[y
pY i
5 20
e i
_30 T l T I T T I T l T I

T
0 4 8 12 16 20 24

Time (hour)

B 3-10 FMS5 f# & *t 2006 # DOY216 2. % jx &
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g 0.1
=
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- 0.0
o
o
.ucg -0.1
a
-0.2
0.2
g 0.1
>—
=00
[0}
-
’au;; -0.1
b=
-0.2
0.2
g 0.1
N
j o
- 0.0
8
5 0.1
g =uU.
=)
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BI3-11 A RE e »PIERTTEAL 2RSS RELRE RLE 10

Time(hour)

#0°)
(2006 # FM5 > DOY216)
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050 -

m)

0.25 4

0.00 4

Differences in X (

-0.25 4

-0.50
0.50 -

m)

0.25 4

0.00 _Mrvﬁ/\ﬁvm,Nwa%mv/ﬁngx/

-0.25 4

Differences in Y (
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0.00 4

Differences in Z (m)

-0.25 -

-0.50

IIIIIIIIIIIIIIIIIIIIIIII
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Time (hour)

B3-12 2k Z &3 » PHERTTEALAZREF L £ 32 8 (R 2E 100°

% 10%)

(2006 # FM » DOY216)
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FATRY - EWAHE=5.¢ FMS GPS FlEFA4 ERFTRRZ

DOY214 % 3] 220 = > B] 3-13 &1 FMS & fs & 78 » £ 3-2 2 szt im » 7 0

e ‘ml\

I yaw o it B o opitch 2 B ST TV BT ARHZ SLE R HIY A

B M ARLF] o B 3-15 o 2006 & % 214~220 % 2 FMS Fd A ) 4e » F 2 F

e E 2 pd 4 FE RTN 2 » £ 2 € 5 B 3-16 5 B 3-15 #r'“,% 3 % RMS z #e

—

A0 FHEAT IS 93% 0 B 3-17 &7 2006 £ % 214~220 % 12 FMS LA 5] 4

*’”}

CERFHET I BEREFRIN - L2 E> F13-18 5 B 3-17 4c*£ 3 3 RMS
2oqe ko FHATEE 5% B 3-13 7 g d o o E A RRIE B2
R TR i A B 2AXA > L B 38 142 S0cm o £ 3-3 % B 3-16
Z §]3-18 7** RTN & = % £ £ # RMS 53 & » # fi #1if 3D RMS 4 % 3cm >
BB PESE9E 10ecm =2+ 0 £ 32 E S %8 w & GRACE = %4217 > ¥ X i
AR AR R BE BRI RGP A L) 0 £ 34 5 2006 £ %

214~220 % & % 4e » F fE FALE E 2 I B R Pt RIN 2 2 2 o £ 8
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attitude (degree) attitude (degree)

attitude (degree)

&0
i —

anf

A+

0
Aok
-60

time (day)

B 3-13 FM5 #57%5:2006 & DOY 214~220 2_ % ik %

% 3-22006 & % 214~220 = FM5 2. %

Roll

Pitch

Yaw

Min

-28

-9.3

-54.5

Max

25

51.7

71.3

RMS

3.7

1.7

4.5
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radial

along-track

= =0 —~Nm
o o e Y e

(L) souasap

L
= L0
=

L= (O — O — O (S LD
Ooooo OOogo

(L) souasap

—

cross-track

|
0=t (70— O = 0 LD
O
_

(L) souasap
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B13-17 2006 & % 214220 = 2 FMS 744 W[ pLpl £ fi & FHRA0HN £

2 % i g RIN » o £ £ E(407% 3 B RMS 24z £ > 95%)

39

i &



# 3-3 2006 # % 214~220 = FMS5 #ig ?'J“%%Eii’éi RTN # = Z £ & RMS

Kinematic — Kinematic (cm) Dynamic — Dynamic (cm)
Radial 1.59 4.51
Along-track 1.23 6.49
Cross-track 2.20 5.17
3D RMS 2.99 9.44

% 3-4 2006 & % 214~220 % 11 FM5 T4 ul4e » % f5 8 T 2 kb 4 B H

B> RIN 2 2> w £ 22 RMS &

DOY Dynamic-Kinematic (cm) Dynamic-Kinematic (cm)
(attitude nominal model) (observed attitude data )
214 5.89/7.56/5.51411.06 799 /7.78 /6.84 /13.08
215 7.09/7.01/5224.11.26 7.50/731/6.41/12.28
216 6.22/7.01/5.01/ 10.63 6.49/7.04/5.31/10.95
217 5.41/6.87/6.27/10.75 5.89/7.25/6.87/11.59
218 7.23/7.81/6.44/12.44 7.44/7.72/6.89/12.74
219 6.75/7.47/5.88/11.66 7.05/7.60/6.21/12.09
220 599/7.83/491/11.01 6.22/7.15/5.68/11.04
mean 6.37/7.37/5.61/11.26 6.94/741/6.32/11.98
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Frd FoRBERPRERALFTR2EH

kB E A& ¢ 2 F £ (mass) ~ < (center of mass, COM) ~ f§ 1+4F

(moment of inertia * MOI) ~ {# $+4E4% (product of inertia » POI) % - — %ffFkh
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|

WA <P B FRT - ERFPHEFRAARAFTES ) Foi
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#=
(w
=
&
=
k2
ﬁ
cﬁ*

oA Bt FIR R A D bl R R BRI S
AT ELFERP -

Foimpl T Fr @ FmaoE GiiEs 22 FeR €1 8Lk
d AL 4L T A F G S e & gl pfl g r R R B R
AL B Sl F e FE S REE L F (TP TR e 2 o
BAEPGE R G e IV ER R B e R e 7 0
SRR EY R 0 RIR-§ R R T R e

41wz e B R

WBEZREE AFEHD o Tl i AFHRER %’%‘{E’ Mass Property
Measurement Facility 2 & & ) # 4p 3>+ Satellite Body-Fixed (SBF) 4% % i B(+

AR )2 2 B R 1 (I Iy, and I,) ¢

A= B B2 2005 & 10 7 3 11 7 R gt B R R ORLE R LR T

S Y

=

4ap > X Bp%E FML 3 FM5 7 3EiE > B RLR AL 5 0 h 82373 sk

o

& 0 > i d(Solar Array) 2 L P EMPISEE =L AR 410~ sl 8 P e

BAEVRZ R ERARE T (24 4-1)2 GFE ot SBF LR T 2 0

it

F3LA 42 FM6 2 B A 35 T M T B A o
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B 4- 100 s BRI AR B2 L B B ok
A 41 R o Bk it
Sk THAREE M fat ol U o
(Configuration) (Solar Array and Antenna) (Fuel Mass)
xiE i 0kg

(Shipping) (Stowed)
Launch Vehicle Separation £ 6.65 kg

(3 52 ) (Stowed)
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#.4-2 NSPO# &FMiFkh () EE kit ~(b)F A r L2 )R gz P §

R

SR 3
(a)
FM1 FM2 FM3 FM4 FMS5 FM6
Shipping
M pine  (KE) 54.457 54.570 54.230 54.370 54.460 54.665
CMgping x (Mm) | =7.650 -6.743 -7.727 -7.517 -7.207 -7.517
CMgping y (Mm) | -6.354 -5.782 -9.049 -9.099 -6.161 -6.101
CMgyipine z (mm) | -15.727 | -16.030 -16.970 -16.477 -16.707 -15.607
(b)
FM1 FM2 FM3 FM4 FM5 FM6
Launch Vehicle
Separation
M,, (Kg) 61.097 61.295 60.880 61.020 61.167 61.315
CMg,, x (mm) 3.594 4.376 3.883 4.043 4.098 3.988
CMg,, y (mm) -5.531 -5.016 =7.869 -7.916 -5.339 -5.249
CM,, , (mm) -13.678 -13.933 =14.950 -14.515 -14.529 -13.749
(c)
FM1 FM2 FM3 FM4 FM5 FM6
Propellant
M., (Kg) 6.65 6.65 6.65 6.65 6.65 6.65
CMx (mm) 98.556 98.556 98.556 98.556 98.556 98.556
CMy (mm) 0.051 0.051 0.051 0.051 0.051 0.051
CMz (mm) 1.524 1.524 1.524 1.524 1.524 1.524
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d Ak oo §REF VSR AL 2 S B ac i deoa o gL 0 Fpt > E A
B 2422 BRREFeRMZAGER - FAT R B RS d F42
1995 UCAR # #2. X B it 4+ T8 SA™5 146248 Kg 2 SA 5 1.45036 Kg » F|yt

PR 25
CM=-2__ (4-1)

# Launch Vehicle Separation Configuration FF J- “,f THaFL el

CM geiire ®
oM, = Mo My =My O, =My, CM, (4-2)
M, -My. -Mg )
H o
CM e * ¢ 3 * B FREE 220w 19k

M +Y 3 o2 SHBE ke
My, Y2 Bakie

CMy,: #h 2 = e L HR(CM,, ,,CM, ,,CM, )

CM . :+Y 3 oz T Hiad = 8w ik
CMSAJ-Y““?*iT'\H’;-nb g_?.‘r,»__l i

BEFE s SHBAFEALABER 59° 2 1217 > d 305 5 i 3 g phi Ll cnnd

o Tk X e =B XA g F R o a Y fhe Z dhwtE 5

M pierire Yorserwe T M g (6.6 +0.5Lg, -cosa” )+ M -—(6.6+0.5Lg, -cosa)
ACM g, , =

~CMy, , (4-3)
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(6.6 +0.5Lg, -sina")+M__-—(6.6+0.5Lg, -sina”)

A CMSA_Z _ 7 strucuure “Lsirucrre T M sS4+ Msep
~ M, ; (4-4)
gl g e s > A ARZ L MBI F AR T 730 SBF R k2 Z
Fho FIP o AP d D TR T - H AP S
(4-5)

CM " (d) = CMSV(f)+f(CMSV(f) CM?" (0)

_:_t"_‘ ¢ CMiSV(d) :‘_; Kléf)‘fl_ﬁ ek fL 2z %ﬁ‘b ]\_. B, MSV(f) -; J‘}L_} /%sﬁ Béi ’g?.u i

BEoCMY(0) 2 e ol od AP AR TEE S5 6652

Tobt R F R T S 2 R R A S ] e %

JERE 0 £ 4-3 5 NCTU 3+ Ber 7 2 m@frs Jolt (T PRl 2 24k i
RIAE = BLiFh oo 2k S %

g

T2 Frs ¥ o @ NSPO e 3% S 72 37
L4 4-45 8 NCTU By = % i 8 & 4-5d £.4-5 ¥ 5> NSPO = 4 & NCTU

B85z COMZ R e, iimmE % -
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Solar panel

a” degrees\C

5.0 cm

i

E0
't deqgrees

+X, into paper

103.4 cm
+Y
OCC-X
;l s 13.2 cm

Bl 4-2 defer=5c5 B 7 = &
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# 43NCTU Eagfr= 5L AR T (@ iR E2 (b)Bfsti T2 = af
=%
(a)
Case FM1 FM2 FM3 FM4 FM5 FM6
Solar panel
deployed, no
fuel
Mass (Kg) | 54.457 54.570 54.230 54.370 54.460 54.665
X (mm) -7.650 -6.743 -7.727 -7.517 -7.207 -7.517
Y (mm) -6.354 -5.782 -9.049 -9.099 -6.161 -6.101
Z (mm) -34.386 -34.629 -35.695 -35.159 -35.345 -34.200
(b)
Case FM1 FM2 EM3 FM4 FMS5 FM6
Solar panel
deployed,
full fuel
Mass (Kg) | 61.097 61.295 60.880 61.020 61.167 61.315
X (mm) 3.594 4.376 3.883 4.043 4.098 3.988
Y (mm) -5.531 -5.016 -7.869 -7.916 -5.339 -5.249
Z (mm) -32.337 -32.532 -33.675 -33.197 -33.167 -32.342
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% 4-4NSPO 3+ ¥ 2 (a)z fijk fs 2 (b)etisfi & 2 o ik

(a)
Case FM1 FM2 FM3 FM4 FM5 FM6
Solar panel
deployed, no
fuel
Mass (Kg) | 54.457 54.570 54.230 54.370 54.460 54.665
X (mm) -8.446 -7.618 -8.527 -8.317 -7.924 -8.317
Y (mm) -4.254 -3.726 -6.949 -6.999 -4.046 -4.001
Z (mm) -35.860 -36.137 -37.169 -36.633 -36.785 -35.647
(b)
Case FM1 FM2 FM3 FM4 FMS5 FM6
Solar panel
deployed,
full fuel
Mass (Kg) | 61.097 61.295 60.880 61.020 61.167 61.315
X (mm) 3.594 4.376 3.883 4.043 4.098 3.988
Y (mm) -4.371 -3.860 -6.706 -6.755 -4.181 -4.094
Z (mm) -33.371 -33.563 -34.714 -34.233 -34.200 -33.373
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% 4-5NSPO £ NCTU 3 5 ()% 4 5 f5 2 ()25 4§ & 2 o &

S
(a)
Case FM1 FM2 FM3 FM4 FM5 FM6
Solar panel
deployed, no
fuel
Mass (Kg) | 54.457 54.570 54.230 54.370 54.460 54.665
X (mm) -0.796 -0.875 -0.53 -0.8 -0.717 -0.8
Y (mm) 2.1 2.056 -2.1 2.1 2.115 2.1
Z (mm) -1.474 -1.508 -1.474 -1.474 -1.44 -1.447
(b)
Case FM1 FM2 FM3 FM4 FMS5 FM6
Solar panel
deployed,
full fuel
Mass (Kg) | 61.097 61.295 60.880 61.020 61.167 61.315
X (mm) 0 0 0 0 0 0
Y (mm) 1.16 1.156 1.163 1.161 1.218 1.155
Z (mm) -1.034 -1.031 -1.039 -1.036 -1.033 -1.031
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4-2 § e %3 GRACE Tiuif A2 B

GRACE =331 & p A &L ESEN 2B 2478 ~ B AT € 4
o V- PERAFRTHEY DRI F 78 (TEC) frftin kg drsd 5 o 5 E 2t
Eixp o “/‘ P UK L BURIEE & 3t (K-Band Ranging System » KBR) * %
BlEA S FEE FES 2 ERERE T2 GPSETES - A2 ek B R
(SuperSTAR Accelerometer > ACC ) £_% *tipl 2 % § 24 fox B &R E 5142
LRI A b B P RBOL ENFLE oo F1¥ 0 GRACER % -
F=87 il ;\‘.-?(r.u A FEE (Center of Mass Trim Assembly » CMT) - } KRB i & &
PIFE T E? S HEACRRRTEY CH DRSS T SRR Tz phT
R 50 um s CMT* % phit § 228 s IR » 7 12 820 & |2 4n 2010 1
miH ATy -

FOfEEpEerERE AR AR L L L 0 & A A WRE GRACE-A 2
GRACE-B 7 3k » & % o938 14 Bl 5 2003 &% 232 2 2. GRACE-A 412
2003 # % 232 % 1 234 % 2. GRACE-B 575 %4-6 5 2003 & % 232 = 12 GRACE
AFHEABN X 2o sz@E- s gt ormi g imy

SRR 2 fE e FARET 2 R R L AR B R A TR A

X

 d

St
\
D

G

EFH Faro RERE R BB RE 2 D LR R R~ aEL R
ol d MR E 4 R P B R Y B RCE S BT RRGRL B T G A b
N2 AR AR AR LB LA d B T R S
S RBERIEAT S REC AR REDLE R R 2K

d %% GRACE f#Fk ¢ GPS * MRk A LR i Z dhear F 23 o
FPL 2 A K3 H-2003 £ % 232~234 X 12 GRACEB F# A W4 » Z 3 B — 2 &
FALAREAREFE R SRR AT mE 2 BTE R RALRT RS 2R

PELZRENRFELL2 4T 224652 W EFRFORE T4 r Zih-
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woRFER RE AR ER TR 2R TR A R R ARER €T

WL BB T o B LR R AT F PR R

# 4-62003 & % 232 = 2 GRACEA T A W4 » 2 A E B P o =8 2

et E E LT L R4 B R £ BB (E om)

Dynamic orbit Ax Ay Az 3D
lem difference in x 0.20 0.36 0.59 0.72
lem difference per xyz 0.48 0.60 0.69 1.03
Scm difference per xyz 1.94 3.87 3.56 5.60
Kinematic orbit AX Ay Az 3D
lem difference in x 0.55 0.65 0.99 1.31
Iem difference per xyz 0.79 L.37 1.48 2.17
Scm difference per xyz 3:04 5.26 5.19 7.99

% 4-72003 & % 232~234 % 2 GRACEBFHA w4 » Z = 5 — 22 WL E

TR R 2 i FAGRT R e 4 B E g 2 8 2 (H iem)

Dynamic orbit AX Ay Az 3D
232 0.37 0.86 0.87 1.28
233 1.16 1.67 1.82 2.73
234 0.21 0.67 0.78 1.05
Kinematic orbit AX Ay Az 3D
232 0.55 1.54 1.22 2.04
233 3.05 4.05 4.66 6.88
234 0.59 1.50 1.04 1.92
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B HEET 2 e Bd i £ 8 ¥ (H iem)

Dynamic orbit Ax Ay Az 3D
lem difference in x 0.18 0.20 0.26 0.37
lem difference per xyz 0.48 0.60 0.69 1.03
Scm difference per xyz 3.39 291 2.36 5.05
Kinematic orbit AX Ay Az 3D
lem difference in x 0.0014 0.0014 0.18 0.27
Icm difference per xyz 0.0048 0.0060 0.68 1.03
Scm difference per xyz 0.0233 0.0291 3.36 5.02

% 4-92006 & % 216 % 12 FMS FoflA Bjder Z 3w - 208 - 2L gen

FEF S ¥ 2 (5071 B T zegpeded BP0 f i £ R E(H iom)

Dynamic orbit AX Ay Az 3D
lem difference in z 1.04 1.31 1.54 2.27
2cm difference in z 1.05 1.32 1.53 2.28

Kinematic orbit AX Ay Az 3D
Icm difference in z 0.47 0.58 0.67 1.00
2cm difference in z 0.92 1.16 1.34 2.00
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ted o BB BPRE R R LR 2 HEH

GPS P # & ik F S i K2 P/ ' 0 ARzt 77 kX
R4 - H 2RI FERPERIPEATRY > A GPS T RA AT T4
kp ik GHAONEECIPRDTE L GED R FE SRS RS
AT R HE > I BRI T B A2 iR R - GPS % M3z F GPS #F
BRSO ERLIApES w0 FAEE 2 ) BREERET L GPS Fh DIERTE
B o P ECREAE 0 SR GEEERE P A X AP o & R A 0
BAHAE GPS Bipla 2 o 4pi? B FhUF BTRGFB I FPE A

M E AR P o R B (PCV)HH B 2B B8 -
5-1 = Mfpizd R

- HGPSA M E 7 - LMPp AL LT AL X RS L ¢ s (antenna
reference point) » 332 ¢ 8L L Flaend gl m F T GPSIEL R AL AR
PR - R FERARLIEL2E S agp e w7 4p
o WF B RDFRT ¢ - RenfFAF 4 0 2 A R AR ap i 7 4p
Booom ke Al % RH 4p ¢ <R € 48> - 3R (Gurtner and Liu, 1995) » F]yt > 7 &R
b gp i o AL R gk P S EMEF R RIRC wt R RV TR D -

% M T 54p =¥ < (mean antenna phase center) 0 b = E B X AP IB Y o f B
#- % 4p ¢ < iR # £ (antenna phase center offset) » @ A T ELF L BRF 4p i o
g iadpid sz ZRPZ AR R PCV) LES-1-

@b - 2Mm g 0 RMApEY w2 RCERHE LR e PR 2 2 E

G RBE o Tt » GPSE TR X MAp T | BB KRR EE S = h el Sy
oM BHRREEF AR e VR EARE TE o 3 A XPE

MEEE D AR R R RE T S ARSI A FESIM
AR AT #* (Imakiire et al., 1997) o
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5-2 imfF= BLx M i? w R E R

- FE GPS *Aafppind wREPIZ A B - AR HRT R
( Anechoic chamber measurement ) & Bl4p =@ <24 » H - 4 9

F AR A oA S 5L 2004 £ 7 7 11-12 p 3t E WAL R4 § Y Boulder
#  *> UNAVCO (University Navstar Consortium) * =7 Ball Aerospace &
Technologies = P & 7T F %R T 2 RFlHFFE X RNPHASZ2 pid ¥R

UNAVCO #d M% + 80 5 "1~ B2 9%z e~2 RE X EFRARNTFERAELE
(National Science Foundation, NSF)¥ & R4z T+~ 7 % % (National Aeronautics
and Space Administration, NASA)F &4 o 7 * + > Hjpirsgfpind o ¥ @235 0

FEZFE A AR KRV ERE -2 o U AR EAEE L Sl K
BREERETAKE B ER S RGPS > T ERAp R > 0T L 23

EoRueipik it £ 50 A AR TEL R w2 F o

 fEfih LR (RCV)
BEETAR e

T

TR { L,
TSI O
LR

B 5-1 X442 o~ Tiafpred gl w2 Mk
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% UCAR anechoic chamber i|3& ¢ » 12— COSMIC f#F % #5-%](mockup)
2 Pl %A B POD = Meffp ¢ S A fodp o ® SR > LB 5-2°L1 fo L2 4p 1=
Poo 40 L1 e L2 45 Ffr ~ B 3 Fe e solar array drive (SAD) & & #7534 & 4o
FHEEAHLIEAARNLE 2o B LT AT L5 0K - B S-3HT
L3 chfpie? < B B5 - B =& fox 7 & 1 14 SAD & B 5 #ic(Hwang et al.,
2008) v j¥# S5-1 Bgor L3 S| erfpiz? BT A2 B SAD £ & > @ Bl 5-3
B3 AT (45 1-5 5 L2band> %% 6-10 5 Llband)% # b SAD & & < &
52 (@)X #h(b)Y $h(c)Z fhip =@ R o Tiam 2 > A A fpid o
R ol HEREY CRABCAFL B ZESER 140 A FA-165 A v
R 290 RAER350 B 0 E X F A A 80 B e S o [ 54 B AR ¢ G
PARLZ-BXEANIBLI v L2 F(TI5XE 440 SAD £ R 5 0 BR) - 4P 1=
PoRRAFATEEARA R AR SRES NS 2o - AT 0 AT

£ 400 60 Ben & o L1 enpfe s o SBIL LD dgp i S R 4 o

Bl 5-2 MAmter= 5L s B3R T3 POD 2 Sinfp v w i B fodpizd w8
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% 51 AR B aFEARF L3R FTAARY R E

SAD angle Maximum PCV

(deg) (cm)

0 6.37

45 6.24

90 491

135 6.90

180 5.29
225 12.06
270 5.70

315 6.93
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Cosmic Antanna Tes Fhﬂ. perner Locatiors Cosmic Anenna Tes: Phase Cemer Loczioms

5
=

=
o

¥—Location <cme
=
.

W-Locamion <cme
'

Solar Panel Angle <deg> 00

Fraquancy hurber Solar Panel Angle <deg= Frequency Numbar

Cosmic Anienna Test Phase Cerer Locations

Salar Panel Angle <deg

Frequancy Numbar

Bl 533 F452 72 F SAD & B 7 2 ¥ 2 (a)X #h(b)Y #h(c)Z #hp =¥ o

2 (%% 1-5 % L2band ’ %% 6-10 5 L1 band)
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phase center variation (im)

=12 Hy

_18 L L L L L L L L
0 10 20 30 40 50 60 70 80 90

zenith angle (degree)

] 5- 5 Anechoic chamber #]:& T POD % %2 L1 fr L2 #f F echT 3ajp @ w8

53 Ap ¥ & BB H L LenR

d B]5-5 > Bernesefir R P * T AP B ki TR RAp Y o R el
(Bernese user manual > 2007) :

Ao(0,2)=A ¢ (a,z)+Ar-€ (5-1)

Bl
X

Ap(a,z): Ap P w3t x4 2 X 75 & 2 52 2Rzl £

o,z #Fh AR (line of sight)z. > = & 2 X 7F &

Ar: P19 o2 Tiopi=d 2 BHE» £
e: BIREIRINFLE > w2 8% B

Ao (0,z) : PCViz it & #c
Are £ G- B i
27 Zmax

[ Ap(a, z)sin zdzd o = min, (5-2)

a=0 z=0

& B ML gne gk RINEX {e IGS standard #7 2
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surface of the
function

Ad(a,z)

mean antenna phase center

Ar

antenna reference point

] 5-6 Bernese #c 48 ¢ * 2 %1‘?3‘- I A 5&2&17 2 AR o g B

(Bernese user mqtqual ) 2007)

-

"'l?mff’_ ?: *é‘!

Bernese #4287 - fiFh % %ELE v -Q +*“_' [
(satellite information file) 1 % ifﬁl & v’ NYtE 1 ;}-;, ;hg LA A A USRS
BERNS0\GPS\GEN = » jt # & + : N - £ fp TR A L
PHAS IGS.REL > ¥ & P& Bernese + # » 2 123k ik 7 £} i o

%525 @& * FM5 42006 5214% 1 220% shGPSTH A f & @ * g i=?
%3 FAenT o] pF £ fp#uif (overlapping orbit) RMS i > 7 14 'F:l Jy#5 JE g 2P RTN
kB0 9242 E 0 hradial® il Bk o B4 P s L o) 0 ARG

[2® 2% § 7 i R GRS B P - Sl B S et Y o

=g &

P e ERppry RE ORRE EIUE AR e VRETAGF R
SkA L fpi? g R FX;}J-:‘ » FEF 3 s $ 64 fob g R o A T
AG S b i B B §Teseno

FARE PLEERFERZ FMSF R Ar » 2 2 4o rfpiz? g R E'“‘}ii'éf?ﬁ’iﬁ

- BEYREES 2E AR 0 A Ao r FMS F A TR RE 4 BE R
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EF3DALE TS5 LB 562 B S5-7°3DRMS B4 % 5 0.82cm £ 1.89cm > eyt

=

% 52FM5 %2006 & 214 % 1 220 % F 6 ¥ Ap e o G R T T |

FIEE A RS R - R BR 4 R LB RE RGO

I RMS & (RIN = %)

A

PCV Kinematic orbit (cm) Dynamic orbit (cm)
Included 2.37/3.00/2.17 2.39/1.96/1.05
Not included 2.80/3.23/2.40 2.43/2.02/1.12

3d orbit difference {cm)

i

(2006 # DOY214~220)
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3d orbit difference (cm)

! L I :
1 2 3 ! °
time {day)

o=
-
o

Bl 5-8 FMS e » o e » 4p o o @B PS ity 3D 48 B (KR 6 5 T40)

(20061 DOY214-220)

o

al i i Hhe
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PE S LR E R B o AR LS c EEA EZ B > AR
FZEA s EE- E ) AERPGEE 1S D B iR

G AR E AR R EE I S E AR - %R
THREFTE-FoRBopid cREZBRTERrEHBFZ 90T F

EERFFERET T ARG AL o

E A F AR ARG 5L FMS fiFE 4 53 2006 # 5 214 % F] 220 X ~ 2007

£ 214 % 3] 220 % 2 2008 £ % 137 % 3| 141 < {728 > E/H PR FEN G

E- BRI AT et 800 A B2 B R B Flpt o vt 2 PRI ELE (T R

B3 %2 d NSPO 4k 2 45 fir= 55 Sk S§5 L 17 <opt P A B2 0 R e 5 2

d A BB A OREZ LR S E R o B
FHE DR LRe S 2 B ERE T E AP E - A e

P FREFRI Tz el 2T HFRE 2 RRRES 2 B ERUE B
6-1 B 622 B O6-3%7 5 FMS /2 R %4 g 228 > B 64~ B 6-5
ZH6-68 T 2 FMS P2 RE U NELBEE > P ELA 612 4620 B

o B AR 1S AL ARG ALA NPg o FE Y 2B LR E
3D RMS 4 %] 5 2006 # 6.80 22 521 24 ~ 2007 # 5.96 22 4.88 2 & % 2008 &
540 #2437 2 0 b4 pug end BB RE B HUGE S 0 2 2008 E i 4 B
Bho] 02007 E X EZ2 > 2006 E 2 EARRIPLI % o FLET R ZF A&

g RS R EE RN LR R R FR LR AT & p

v

F2 TR AR :

“‘t—*ﬁ

SRR ol L H W ERIEEF IR T A
RIREIR AR 2 BL0E LAl TR o
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difference(m)

difference(m)

difference(m)
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0.15 " " L . " " L

_cross-track
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0.00

-0.05

-0.10

time(day)

B 6-1 FMS % >+ 2006 & % 214-220 X t /a2 ¥R pd4 g £ B &
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difference (m)

difference(m)

difference(m)
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N
®

B 6-2 FMS &% >+ 2007 & % 214220 X /a2 ¥R pd4 g £ B &
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Difference(m)

difference(m)

difference(m)
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difference(m)

difference(m)

difference(m)

0.15 -4 1 1 L 1 Il 1

radial|
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difference(m)

difference(m)

difference(m)
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difference(m)

difference(m)

difference(m)
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% 6-1 FMS #sg 5 f-}*’ixéa_u_ TR RFEH A Fg it RIN 2 » £ 2 & RMS

(unit : cm)
2006 2007 2008
Radial 3.76 3.29 3.10
Along-track 4.07 3.62 3.20
Cross-track 3.95 3.41 3.05
3D RMS 6.80 5.96 5.40

%62 FMS#uf plpie £152 L resr # B 6 g »> RIN * v £ 8 £ RMS

(unit : cm)
2006 2007 2008
Radial 2.87 2.37 1.92
Along-track 2.68 3.02 2.87
Cross-track 3.43 3.02 2.69
3D RMS 5.21 4.88 4.37
Z AR AR BLFE > d 2 FM3 #h 3t 2007 & PIEFFERE T

BB 5 2008 & = AR TR BI04 #-FM3 R AN R & 63
%64 2 % 6-5 4 %% 7 FMI~ FM2 ~ FM4 2 FM6 > = @ ipls# B P14 e £
B2 L FES BB REN RIN S %2 T35 3 RMS » £ FM5 492t » d 2% 2006

-&ﬂ' F‘_%_T l“'}&%tfm;ﬁrg)iiq‘]w"ﬂ |J—k§?}‘f‘_"$@%,_l}]ﬂ¢,g\.%$&

FMS%&:%;;QOMEE%FM;VF FMI1 b3 e 123 800 22 » »riBfnif £ B8
RMS & 8 &2 FM5 4p ke > 2008 #&# FMI1 7= + 2 3 800 2 2 » |t » & g s M
3D RMS £ 5 4~5cm 2+ > d L Ep m VBB FZLELFELEZ A @

A
&

it s -
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36-3 & GFA L5 2006 & ¥ 214 % T 200 % Plsfan £ 15 2 0 AEs BB HE

RTN = w» LT 35% 8 § RMS

Dynamic difference (cm)

(radial/along-track/cross-track)

Kinematic difference (cm)

(radial/along-track/cross-track)

FMI 5.27/6.75/7.23 4.99/6.44/6.50
FM2 4.62/5.34/6.45 3.85/4.84/5.49
FM4 5.06/5.29/4.61 4.89/4.55/5.25
FM6 4.21/4.39/4.72 3.66/4.26/4.48

%6-4 &Gk g ot 2007 & $214 3IEI020 2Pk £ 12 B RSB g

RTN *'w T3i=5Z B § RMS

Dynamic difference (cm)

(radial/along-track/cross-track)

Kinematic difference (cm)

(radial/along-track/cross-track)

FM1 4.87/5.98/7.01 4.47/5.54/5.82
FM2 3.89/3.59/3.92 2.50/3.21/3.01
FM4 3.36/3.85/3.12 2.78/3.12/3.07
FM6 3.03/3.09/3.33 2.57/2.72/3.11
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%6-5 & GFR FUE 2T 2008 & B 137 % 3 141 % Plpe £ (52 B AEST R B g

RTN = w» LT 35% 8 § RMS

Dynamic difference (cm) Kinematic difference (cm)
(radial/along-track/cross-track) (radial/along-track/cross-track)
FM1 3.32/3.50/3.64 2.97/2.54/2.82
FM2 3.60/3.60/3.20 2.22/3.08/2.76
FM4 3.98/3.42/3.86 2.25/3.05/2.86
FM6 3.87/3.79/3.47 2.23/2.51/3.00
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5 2006 E Pt AL F ROTITRPUERR 0 L P A F R4 R 0 F
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Flpt o FEEGFLE P BDRMSHE S 5 4~05cm =+ 0 d LB T VT AR E

CEEEHFLE R AN @ F BEdG et o

TP RDF)F S FF 5 o RLE =8 R @#i%]fsé{i& ¥% (cable

delay) ~ GPS PFgkic it % » g X173 FA T Y o

82



54 < e

?Jféﬂﬂ,ﬁ;} » 2005 - ’fi%?&" 'ii:: %fuléwﬁl#g‘:% ?\ﬁi ;Elj 3‘;13_"-_ 4 w_: 2 i & §£ﬁ

s

—:l__gé\n‘@ ’ ~%T3 o

Wy

B0 2006 ¢ AR AR R 2 SRR R FAEA T B2 T A B

\L

s

< 9 X170

Wy

Agrotis, L. G., 1984. Determination of Satellite Orbits and The Golbal Positioning
System, Ph.D. Dissertation, University of Nottingham, Department of Civil
Engineering.

Beutler, G., E. Brockmann, W. Gurtner, U. Hugentobler, L. Mervart and M. Rothacher,
1994. Extended Orbit Modeling Techniques at the CODE Processing Center of
International GPS Service for Geodynamics .(IGS) : Theory and Initial Result,
Manuscripta Geodaetica, Vol. 19, pp.367-386.

Byun, S. and B. E. Schutz,. 2001-“Impreving satellite orbit solution using
double-differenced GPS carrier phase in-kinematic mode, J. Geod., Vol. 75,

pp-533-543.
Chao, B. F., C. Hwang, C. C. Liu, E. C. Pavlis, C. K. Shum, C. L. Tseng, M.Yang,
2000. COSMIC: Improving Earth’s Gravity Model and Other Geodetic
Applications, Terr. Atmos. Oceanic Sci., 11, 365-378.

Dach R., U. Hugentobler, P. Fridez and M. Meindl, 2007.User manual of the Bernese

GPS Software Version 5.0, Astronomical Institute, University of Bern.

GFZ Home page. http://www.gfz-potsdam.de/.

GSFC, 1989, Goddard Trajectory Determination System (GTDS) Mathematical
Theory (Revision 1).

Gurtner, W., R. Liu, 1995. IGS 1994 Annual Report, IGS Central Bureau, Jet

Propulsion Laboratory, Pasadena, California, U.S.A., pp.43~57.

83



Hwang, C., and M.J. Lin, 1998. Fast integration of low orbiter's trajectory perturbed

by earth's nonsphericity, J. Geod., 72, 578-585.
Hwang C., T.P. Tseng, T.J. Lin, D. Svehla, and B. Schreiner, 2008 .“Precise orbit
determination for FORMOSAT-3/COSMIC,” J. Geod., accepted for publication.

Imakiire, T., Y. [imura, S. Saga, H. Morishita, A.Tsuchiya, F. Kudo, S. Ishikawa, Y.
Iwana, 1997. Results of Phase Characteristics Measurements of GPS Receiver
Antennas, Journal of the Geodetic Society of Japan, Vol. 43, No. 2, pp.79-90.

Jaggi, A., U. Hugentobler and G. Beutler, 2005. Pseudo-stochastic modeling
techniques for low Earth orbiters, J. Geod..

Kang Z., B. Tapley, S. Bettadpur, J. Ries, P. Nagel and R. Pastor, 2006. Precise orbit
determination for the GRACE mission using only GPS data, J. Geod., 80:
322-331, DOI 10.1007/s00190-00620073=5.

King, R.W., E. GMasters, C. Rizos,| A.IStolz, J. Collins, 1985. Surveying with GPS,

Monograph 9, School of Surveying, University of New South Wales, Australia.

National SPace Oragnization Home Page. http://www.nspo.org.tw/c60/home/

Seeber, G., 1993. Satellite Geodesy. Walter de Gruyter & Co., Berlin.

Svehla, D. and M, Rothacher, 2002. Kinematic and reduced-dynamic precise orbit
determination of low earth orbiters, Advances in Geosciences, Vol. 1, pp.1-10.
Svehla, D. and M, Rothacher, 2003. Kinematic and reduced-dynamic precise orbit

determination of CHAMP satellite over one year using zero-differences,

EGS-AGU-EUG Joint Assembly, Nice, France

Wisniewski, R.1998. Satellite Attitude Control. Springer.

84



	封面.pdf
	逸晴論文完整版.pdf

