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Abstract Connected-Element Interferometry (CEI) was a passive angular tracking method with

the merits of high phase precision, flexible network distribution and nearly real-time processing due to

short length of baselines. Firstly, feasibility of ambiguity solution in CEI-based orbit determination

for GEO was analyzed. Integer ambiguity must be primarily solved in the orbit determination for

TDRS because of its low initial orbit precision. It could be calculated by the high precise range

measurement if the master control station could obtain range measurement, while the method of

parameter estimation by fixing integer ambiguity was used without high precise range measurement.

The simulation results indicated that this method was effective when the systematic error was less
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than 1.0m. The orbit determination precision for the satellite belt between 80◦E and 140◦E was

gained, when the systematic error was 0.1m, along-track positional error component of the 110◦E

satellite reached 25m, while 82m and 34m respectively for the 80◦E satellite and 140◦E satellite.

Key words Connected-Element Interferometry (CEI), Integer ambiguity, Tracking and Data Relay

Satellite (TDRS), Baseline array
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"�#� �)0&%1/"2 �,!01!
3 ��1//2!2+34,  �'45. 5,
-.(�306/6ÆÆ%)*!4*+74 (N0

8 ΔN0). 76/56"�3 578!2+34
2$Æ9+7/2#, ,-0.)12 N0 //8
Æ. 6/5!'430$1(2, #(2�:;99
:4, <(-=3�;58%$(24581:<5
8; 4#(2�,:;99:4, <+8%;6/>
56=>' [2].

7?-<84*+74//)%*!49,?-
1':74=;-8//+74!/0(>. #�
)%@") 9@:, ;+'4<5!9=3 �
>6/4*+74; A�)%@?) 9@:, -6
8B:+74?+!?+C6(). D@E()<
0=!>?58@FÆ@, G68!-:(A'H0
A#:B4A0! GEO (-! (B3:(A 80◦E,

110◦E, 140◦E ! 3 C(-) !4A:.:D.

2�BBC,EICDFCGDEJD

-$EC(-,FHF+!3 ��"�#� 
�, !G,(G)KH2 [3]:

ϕ∗ + λN = |RA − R| − |RB − R|. (1)

E-$(I 1 -8IE$( (3 9 @) -H. F
H RA, RB 1 R 4=IFLH!'#.$(!19
 @1(-A,B.J>'!�;G�, ϕ∗ KJ8
"�3 �1,:;9934, LM4*+74 N

!6/H)H2

N = min
[
int

( |RA − R| − |RB − R| − ϕ∗

λ

)]
. (2)

KL(-=3�;58%$(@J581/N!3
 58, )IH (2) IM6"�#� �!58(
G, )

ν =
1
λ

(Δρ̂ABδR − Δρ̂ABδRA+

ρ̂BδB + δϕ∗). (3)

!',

Δρ̂AB = ρ̂A − ρ̂B,

ρ̂A, ρ̂B 4=2J@ A, B 6(-M(!E�G�;

δRA IF$(@J58; δR 2N/!.+O8Æ,

A6/+74 N #, δROI8KL!(-<8.+
58; δB IF$("-:�58, KJ$(:<5
81$(2458.

H (3) '$((!N-58 δRA%$(!"-
58 δB% �581,:;99Æ-"�+74'
4MN�P<2. 0)0!58O2OJ-!<8
.+58, FH&#*IF2 ν′ = Δρ̂ABδR. 2KP
KQ, RL&&,P%/QR, Q B∗ IF)=$(
24, M

Δρ̂ABδR ≈ B∗

ρ
δR,

B∗ = B| sin θ|. (4)

7"�6/56"�3 578!2+342$Æ
9/2 (SNF+ S /0, λ = 13 cm) #, ,-0.
)12 N0 //8Æ. OSPKL(-.+58!M
N, $(242 10 km, GEO (-542 36 000km,

Q)

B∗

ρ
· δR ≈ 10 sin θ

36000
δR � λ

2
, (5)

δR � 234
sin θ

. (6)
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!', δR 0;52 234m. PKL=!58MN,

- δR !RQTUR, <<8.+58>U2. GEO

(-'MV-!<8.+#T:Æ:1 100m !'
4, -!&%:.#)12 N0 �ST!. 'W-!
<8.+'4A 1 km,+H (5)6/6<84*+7
4<->!9=�6U"5"8 0.28m, <1V"8
8 2 *>. :U, -$'W-, A:.#3KL<8
4*+74!Æ:RS. FH;-! GEO(-<2
'W(-.

3�1WSVWTXUTD

XYVCJD

7)@! 9'4Z5,),Y1 ±λ!'4Æ
@#, <);+!6/4*+74. P19[@1(
-!9=X),'Æ1 ±λ2Y#, <),U<84
*+74'Æ1 ±λ 2Y. U#+ ϕ∗ + λN IF!
3 �.TZV;R ±λ!58,WF9)5586
>?58#K32#9Z!)5?+>//.  2
K[7)@[(-!9= ρ1 582 λ #[@[(
-9= ρ2 !585. L$(24582 0.

I\]:,)0

{
ρ2
1 + B2 − 2ρ1B cos θ = ρ2

2,

δρ2 =
ρ1 − B cos θ

ρ2
δρ1 =

ρ1 − B cos θ

ρ2
λ.

(7)

I$$(<$, )12 ρ1 ≈ ρ2, M B/ρ2 )XW1
2 0, Q δρ2 ≈ λ, <[@1(-!9=X),'Æ
1 ±λ 2Y.

3 �!\U()�,;+\U6/6U"!"
�5 ±1, ,U32+Y3 5, U#-:.!MN
�C6!)5>??+5@F, !2 b± λ (b 2)5
>?585). Z.$(!3 558\)1'):,

+λ 6 −λ, ] n .$(!3 5) 2n '-N. \U
.(O .

(1) GEO (-:(A 110◦E. ,2^ !F
+ CEI $(^[, E-$(4=&LA0_1\X.

Z9$(E_2 V ` (1$(! 4(P%$B(
(<) M(8IE$(, Z.$(242 10 km.

(2) )5>?582 10 cm, 3 aY 1 cm.

Fb`a 1 min, 3 b02 2008 ] 7 c 1

Z 12:00:00UTC [ 2008 ] 7 c 2 Z 12:00:00UTC.

[Ib02 2 d.

(3) CEI U+!� S /0, /22 13 cm.

(4) C6?+2(-!4\�%cd?+%]^
84*+7458!>?58 (d2 b∗). !'<.
582 1 km, KLRQ2 1 km, b∗ !<852I 
93 �6/0!4*+74585<->!9=
�6<8>?58 (L!<852 0) 71, KLR
Q52 2b∗.

2UU",eef58O-:.^S!MN,)
F+?6!() [5]. F+[gN'4&%'4_:.

\U*5O .

67 1 _K+Y#.U".+,]D@3 (
G+Yh)`iaY1>?aY!3 +@N(.

67 2 D@KL.+!58,F+`^,!(
)//<8#a!.+ [6].

67 3 8ZZV`iaY, f&%.+//.

;+ 40 -3 +@N(!//^S&%?6
49. AZ93 #a/[I#a4=_<U".
+1//.+A6< (R)%j< (T)%)< (N) (E#
aU".+! R, T, N (<) 0!�;5801 νi,

&M;+H (8) 01�;a4�!b(58, <

σrms =

√√√√√√
N∑

i=0

ν2
i

N
=

√√√√√√
N∑

i=0

(xi − a)2

N
. (8)

!', xi (i = 1, 2, · · · , N) 2Ic_!:.^S&%
.+[I!#[.+�, a 2Ic_!JÆ.+&%
!.+[I5. W6/6!b(D58 σ 32U`
:.!'4.

\U^S[$I 1, !'-N (1,−1, 1,−1) O
I$(^[' 4 .$('Z.$(B3!3 55
84=2 +λ,−λ, +λ,−λ. I 2 2"&!\U.(
 N0 ST#!:.^S.

_<I 1 1I 2 )T, "_ N0 ST#!:.
^S, 3 5aA ±λ 58#!^Sfb"&. 7 4

.$(!3 58b2 −λ, <I 1 '3 58-
N2 (−1,−1,−1,−1), Z.$(!)5>??+5
b2 b − λ, 5@28, I$>??+g2:.^S
g+ [4], ),,/!:.^S<+; 73 58-N
2 (1, 1, 1, 1)#, >??+2 b+λ,50;, ]:.^
S08, <73 5aA 1 9/2!58#, :.5
8< N0 ST#!:.58k;8 1 c.
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9 1 :;<=>?@ABCDEFG
Table 1 Orbit determination accuracy in different observation error combination

d� (R)/m �� (T)/m �� (N)/m

(−1,−1,−1,−1) 0.72 29.34 0.53

(1, 1,−1,−1) 0.55 53.81 2.85

(−1,−1, 1, 1) 0.48 42.61 4.05

(−1, 1,−1, 1) 0.78 56.59 1.71

(−1,−1,−1, 1) 0.73 30.54 0.73

(1,−1,−1,−1) 0.54 34.0 2.96

(1, 1, 1,−1) 0.49 58.42 1.63

(1, 1, 1, 1) 0.65 73.81 2.85

9 2 N0 HIJCDEFG
Table 2 Orbit determination

accuracy based on N0

d� (R)/m �� (T)/m �� (N)/m

N0 0.75 35.99 0.82

4�1WdSVWTXUTD

XYVCJD

7 N0 ST#+Y3 �!6/)

ϕ + λN0 = Δρ = |r − R1| − |r − R2| + b + ε. (9)

7 N0 bT#+Y3 �!6/)

ϕ =|r − R1| − |r − R2| + b − λN0 + ε =

|r − R1| − |r − R2| + N∗ + ε. (10)

"l:7;>�)@b"e 9@:, U# N0

bT, P:011//2!2+34. \U'!+Y
3 �<21//2!2+34 ϕ,f]^8>?5
8!4*+74 (< b−λÑ0 = N∗)32C6?+,,
 cg2+74?+ N∗,!Shc2)5>??+,

P�5@;8,F."7$k;8)5>??+-:
.^S!MN. 7<.582 1 km#,<84*+7
4) 2λ >!e8, <8!>?58bT (< b = 0),

F#NC!)5>??+W;$ b ± 2λ.

E-$(&LA'Hai, !\\U.(&h 3

f, K[+74?+6!\NC4\�`!"2*,

^S[$I 3.

I 3' N∗
1 1 N∗

2 21$(0!+74?+. I
I'!+@)T, N∗

1 , N∗
2 6(-!gj4\� (�

; y (<, d4 x, y (<) !"2*Z*, :.'4
W;;hi.

9 3 KLMCNOP
Table 3 Relativity of parameters

x y z vx vy vz Cr N∗
1 N∗

2

x 1.000 −0.999 −0.273 0.999 0.999 −0.418 −0.091 −0.999 −0.973

y −0.999 1.000 0.274 −0.999 −0.999 0.419 0.082 0.999 0.972

z −0.273 0.274 1.000 −0.274 −0.275 0.121 −0.111 0.274 0.257

vx 0.999 −0.999 −0.274 1.000 0.999 −0.419 −0.084 −0.999 −0.972

vy 0.999 −0.999 −0.275 0.999 1.000 −0.419 −0.076 −0.999 −0.972

vz −0.418 0.419 0.121 −0.419 −0.419 1.000 −0.016 0.418 0.402

Cr −0.091 0.082 −0.111 −0.084 −0.076 −0.016 1.000 0.087 0.141

N∗
1 −0.999 0.999 0.274 −0.999 −0.999 0.418 0.087 1.000 0.973

N∗
2 −0.973 0.972 0.257 −0.972 −0.972 0.402 0.141 0.973 1.000
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?-0e:.'//?+*"2!RS,jfF
+, 1'()&%/0.

QRS TUVWXYZ[\XY
.+Æ:'!m++`#T�,(*kH,_K

-!&%(*F,NC?+<85!B3-P8^S
MNZ;,0=C6?+!XW50306!U"5
i�jX. W_`=/ N∗ n<0!P85 Ñ∗ 3
2<85f`&%.+//,F"7$'F8m++
`; &#W Ñ∗ !KLRQ&g:0U'Æ, F"7
$'F8`i+`.

QR] ^_X`abWcbWdeQ 
GPS +1/"�3 �&%:�#, AE83

 �!+l+`', I$58!aA, Ah#`//
01!/'f4*+74b24+. OS58b�
Z;, M3 #`b�Z$, +7?+!/2jX4
+!"+. ),Qh'$!/<*X!4+ (kO!
/2 257.102, <Q!2 257), ]32ST5, &%h
A`=/. AhA`f=/-H(GH#, +7?+
Sbf�N:?+,bl<h#`//!N:?+)
<oi, M(G-!^L)<Oj, //!'4)<
-5. Fb!/7)g2+7?+4`RQ/, Xg
2 Fixed/,b&%+7?+4`RQ!h#`/7
)g2+7?+"`/, Xg2 Float / [7].

WF'km+$/0 CEI !4*+74, b&
!�FH!+74"`/'Kh834>?58, ]
AhA`//#, b-!&%4`RQ, M�B:!
"`/, P/(-!.+?+1#Dl?+.

4.1 110◦ fgc_hij
$$, 4 ':7&%;-.

k N0 ST, )5>?582NC�.

l N0 bT, ]^8>?58!4*+74?
+ N∗ 2NC�.

m(>#, <W N∗ !P85 Ñ∗ f`32+7
4?+!<5]M'FKLRQ&g.

n(>A, <B:+74?+ (B:2 Ñ∗), P
/(-!.+?+1#Dl?+.

\U.(60f"&, ^S[$I 4. U"!+
74?+ (<]^8>?58 0.1m!U"4*+7
4), I<.6/!4*+74?+ N∗ / N∗ !P
85 Ñ∗ 4=[$I 5.

LI 4 1I 5 ),m6:

k N0 bT#, :.^S8$ N0 ST#!^
S. )5>??+5@;, !6.+?+`!"2*
/*, LMMn:.^S@8;

l N∗ !56U"5"80;2 0.36m, I!
32)5>??+<5//.+j<'42 65m.

Ñ∗ !56U"5"80;2 0.017m, <5UjX
U"5,I!32)5>??+!<5//!.+j
<'42 47.38m, '4)<O&;

mB:+74?+2h#`//6!5 Ñ∗, f
`=/!.+'4)<-5. I$+74?+b?
6//, on8NC?+`aA*"2*!RS, O
j8(G-^L, //'40,-5, j<'4Y
1 25m.

I0e:.^S)T, 6(>#"_, F+(>
A#:.'4O&=SUoo, :U, , PF+(
>A>&%;-. 4=3>?582 1.0m, 1.5m,:
.^S[$I 6 1I 7.

9 4 klmnCDEFG
Table 4 Orbit determination accuracy

in four different cases

d� (R)/m �� (T)/m �� (N)/m

N0 pq 0.75 35.99 0.82

N∗ o��r 0.81 65.01 1.33

�p� 0.79 47.38 1.02

�pp 0.82 25.90 0.63

9 5 plqrsKLCtu
Table 5 Comparison of different N0

q�l

/m qpl

/m qml

/m qnl

/m

��r 2173.83 6425.74 −5346.15 6377.38

N∗ �r 2173.86 6425.38 −5346.12 6377.02

Ñ∗ �r 2173.81372 6425.74244 −5346.16134 6377.37243
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9 6 vw?@x 1.0m JCDEFG
Table 6 Orbit determination accuracy

under 1.0 m system error

d� (R)/m �� (T)/m �� (N)/m

N0 pq 0.82 108.62 2.09

N∗ o��r 2.87 167.57 4.57

�pp 1.25 75.02 2.05

9 7 vw?@x 1.5m JCDEFG
Table 7 Orbit determination accuracy

under 1.5 m system error

d� (R)/m �� (T)/m �� (N)/m

N0 pq 2.63 130.76 3.07

N∗ o��r 2.87 167.23 4.56

�pp 3.09 354.32 9.98

9 8 vw?@x 1.5 m JplqrsKLCtu
Table 8 Comparison of different N 0 under 1.5m system error

q�l

/m qpl

/m qml

/m qnl

/m

��r 2181.73 6433.64 −5338.25 6385.28

N∗ �r 2180.36 6431.88 −5339.62 6383.52

Ñ∗ �r 2181.86234 6433.50241 −5338.12072 6385.07

9 9 140◦E yzCDEFG
Table 9 Orbit determination accuracy

of 140◦E satellite

d� (R)/m �� (T)/m �� (N)/m

N0 pq 1.20 46.52 0.64

N∗ o��r 1.66 68.97 6.45

�pp 10.50 34.50 2.51

_<I 6 1 7 )T, 7>?58A 8 9/2,
$ (8 × 0.13 = 1.04m) #(>A!//^S<+, ;
$ 8 9/2#(>A!//^SZ8. II 8 ),
m6, 7>?582 1.5m #, Ñ∗ 6U"5"8;
$ 1 9/2. A/+7#, PaAoo>?*e8!
:7,+74?+!e=4+�h]^3 588'
=3 58')5>?8!A..OSU#&%+7
?+!4`RQ, b5bT&#*-5'4, eMT
hi/!'4 [7].

4.2 80◦E { 140◦E fgc_hij
;+0e()>//4=:(A 80◦E 1 140◦E

(-!4*+74. B3U0(-:.'405!
$(^[, <Bs=(-- (<X!^[ [4], -
$ 140◦E (-, B3'H0_ –ai$(^[; -
$ 80◦E (-, B3'Hpo –ai$(^[. :.
^S[$I 9 1I 10.

9 10 80◦E yzCDEFG
Table 10 Orbit determination accuracy

of 80◦E satellite

d� (R)/m �� (T)/m �� (N)/m

N0 pq 1.71 84.35 1.30

N∗ o��r 2.46 108.95 13.77

�pp 6.52 82.58 2.11

_<I 4%I 9 1I 10 )T:

(1) N0 ST#, 110◦E (-!:.'4t$
140◦E, 80◦E (-, )0�:2$(^[&LA'H
q$, = 110◦E (-- (0X;

(2) N0 bT#,F+A'H&L0q$(^[!
,- , 110◦E (-!:.'405, 140◦E (-`
7, 80◦E (-08, B(>A//.+, 140◦E, 80◦E

(-!j<'44=Y 34m, 82m.

5�rs

/0<e, ),06O ^-.

(1) -$ GEO (-, 7 CEI F+ S /0, <8
.+'4i$ 234m #, 4*+74�bT!, :.
#3W<84*+7432C6?+#K//.

(2) )@"e 9@:#, 3 5!585-N
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0:8:.!'4, 73 5aA 1 9/2!58
#, :.58< N0 ST#!:.58k;8 1 c.

(3) )@b"e 9@:#, -68F+B:+
74?+!?+C6(). -$ 110◦E (-, \U6
/Io, 7>?58A 1.0m ,$#!=S<+; 7
>?582 0.1m #, (-j<'4Y1 25m; P>
?58;$ 1.0m, N0 //56U"5"8<;#,

:.^SeMTU8.

(4) 'H0A!r+A(-!', 110◦E (-!
:.'405. -$ 80◦E 1 140◦E (-, / N0 #,

:.'44=t$st1t$ 50m.
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