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Analysis and Design of Three Satellites Cluster for Time-difference Localization

WANG Hai-li CHEN Lei REN Xuan
College of Aerospace and Material Engineering National Univ. of Defense Technology Changsha 410073 China
Abstract This paper brings forward the principle of designing three satellites cluster for time-difference localization according to
the analysis of positioning precision. It analyses the geometry transformation of the cluster and discusses the design of global localization
cluster. An efficient designing method is given in the end. It is proved by simulation that the satellites cluster designed by this method
can provide global high-precision localization.

Key words cluster designing satellites cluster time-difference localization

GPS
HDOP ! 2 HDOP
HDOP 3 HDOP
HDOP
1
3
HDOP
2 HDOP
HDOP
HDOP HDOP
4
3
* 2001-01-09

1973-



S1 5 S3
Si S
S M
s, N §
5
PMP' PNP' 1 M |
PMP’ N PNP’ MN Fig.1 Cluster configuration
PMP’ PNP’
1 S, S, PNP' SIN=S,N=Au S; M
Sy PMP' S, S, PNP' u

s IS .T .o
S3S, = arccos cos o - u *cosz—u+Au +sin - u *smz—u+Au * cosMN

A

IS .T .o
S5S8; = arccos cos o - u *cosa—u—Au +sin 50— w ¥sin 5 - — Au * cosMN

MN =0.6° Au=0.5° 1000 u € 110
100

~180° 180° SiS,  S53S, 2 S5, o
5351 804
2 2 el

¥

&0 Y .
S -0 -100 0 100 200
3
0.
0.

4
2!

0
._0_2-

-0.4 ‘
=200 -100 O 100 200

u/dey

MERE Am

1 2 95352/9u=0 aS';S]/aZLZO )
u=Ahu/2 535 u=-Ahu2 5351 Fig.2  Arc length curves

Au  MN u=0

6
112 l23 131 6 lmin lmax lL] Si S}
l lmax

min

i =90° 90° 4



2001 4

8
D N AX = %
d 4
d > %’1 3
L HDOP <
HDOP ... 3
lmax = 100km  HDOP,,,, = 80
3.1
2
3 P A @ P
PP, P S3A P S3A
a 0; M;
0 = 8,5, = S35, = 2arcsin [,,,/2a S3A = arccos cosS3S5,/cos 0/2
PP, = PP; = arcsin sin S3A/2 /sini AP, = arccos cosPP/cos S;A/2
0, =0, =a- PPy )5 = a + PP, 4
M, = AP, - 0/2 M, = APy + 0/2 M3 = — AP, 5
4 =90 a=0C HDOP a =
7828.35km 2,=0,=-03=-0.316927° M;= - M, = —0.365953° M;=0 4
+ 75°
5 90
n 5
#
ﬁ 0
o -5
® _x
-10 -5 0 5 10
WEBEETERE T AMEHE b
3 4 HDOP
Fig.3  Cluster configuration | Fig.4 Iso-HDOP curves |
3.2
3.1 S S,
ir S i3 3.1 “ ”
13710
P a @ P ©
M ay=a-7n/2 PM =90
g
5 3.1 i 9

-9 ¢ ¢ >max ¢ 90°- ¢



AXy

-90° 90°

A, Ady Adg <

3.1

Ui 9 M;

ij = T — arccos — cos@cosi’ + singsini’ cos /2 — PP,

i3 = arccos cos@cosi’ + singsini’sin /2 — PP;
PPy, = arcsin singsin n/2 — PP| /sini; P3;P3; = arcsin singsin n/2 — PP; /sini;
MP,, = arcsin sini'sin 7/2 — PP, /sini; NP3 = arcsin sini’sin w/2 — PP3 /sini;
O, =0y = ay —7/2+ MPy; Q3 = ay + 7©/2 — NP33
My = P\Py+ My My = PPy + My My = P3Py + Ms
6 '=90 a=0" ¢=20° HDOP

a=7828.35km i;=90.1084° i;=89.8916° M, =19.6338 M, =20.3657° M;=19.9997 (,
= -0;=-0.297814 6 Ady 18° 2 25

N OO LR WD~

Mo =21/25=14.4° AX <A,

2 £

> ~ 9
. 80
0 )7
f &0
7
-0 -5 0 5 10
BEBEETEME T AREHE deg

1
&

TS HHI /deg
(=)

1
2

5 6 HDOP
Fig.5 Cluster configuration I Fig.6  Iso-HDOP curves [l

Eric Frayssinhes Erick Lansard. Designing Clusters of Satellites for Radiolocalisation Purposes C  AS paper 1995.

. GPS M . 1996.
J. 2000 5 .
. M . 1988.
Eric Frayssinhes Erick Lansard. Mission Analysis of Clusters of Satellites C . IAF paper 1995.
.0 J. 1998 20 3 .
M . 1995.

0,





http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200104002.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%b5%b7%e4%b8%bd%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e7%a3%8a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bb%bb%e8%90%b1%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%9b%bd%e9%98%b2%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%e8%88%aa%e5%a4%a9%e4%b8%8e%e6%9d%90%e6%96%99%e5%b7%a5%e7%a8%8b%e5%ad%a6%e9%99%a2%2c%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Eric+Frayssinhes%3bErick+Lansard%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200104002%5e1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%ae%88%e4%bf%a1%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200104002%5e2.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%b5%b7%e4%b8%bd%3b%e4%bb%bb%e8%90%b1%3b%e9%99%88%e7%a3%8a%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_.aspx
http://c.g.wanfangdata.com.cn/periodical-zgkjkxjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bb%bb%e8%90%b1%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200104002%5e4.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Eric+Frayssinhes%3bErick+Lansard%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200104002%5e5.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e7%a3%8a%3b%e4%bb%bb%e8%90%b1%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e5%98%89%e6%a8%a8%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200104002%5e7.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%8f%b6%e6%9c%9d%e8%b0%8b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bf%9e%e5%bf%97%e5%bc%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YE+Chaomou%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YU+Zhiqiang%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xddzjs200521008&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xddzjs200521008.aspx
http://c.g.wanfangdata.com.cn/periodical-xddzjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%88%b4%e5%89%91%e5%8d%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b0%b9%e6%88%90%e5%8f%8b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e5%86%b6%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xdld200202006&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xdld200202006.aspx
http://c.g.wanfangdata.com.cn/periodical-xdld.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%ac%a6%e4%b8%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22FU+Wei%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dzdkjs200806005&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_dzdkjs200806005.aspx
http://c.g.wanfangdata.com.cn/periodical-dzdkjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e7%80%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%92%9f%e4%b8%b9%e6%98%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%91%a8%e4%b8%80%e5%ae%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Han%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHONG+Danxing%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHOU+Yiyu%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xddzjs200707007&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xddzjs200707007.aspx
http://c.g.wanfangdata.com.cn/periodical-xddzjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%86%af%e5%af%8c%e5%bc%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e9%bb%8e%e9%83%bd%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e6%b0%b8%e5%85%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22FENG+Fu-qiang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Li-du%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+Yong-guang%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dzdkjs200502004&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_dzdkjs200502004.aspx
http://c.g.wanfangdata.com.cn/periodical-dzdkjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%92%9f%e4%b8%b9%e6%98%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%82%93%e6%96%b0%e8%92%b2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%91%a8%e4%b8%80%e5%ae%87%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dzdkjs200205004&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_dzdkjs200205004.aspx
http://c.g.wanfangdata.com.cn/periodical-dzdkjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%92%9f%e4%b8%b9%e6%98%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%82%93%e6%96%b0%e8%92%b2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%91%a8%e4%b8%80%e5%ae%87%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_htdzdk200303006&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_htdzdk200303006.aspx
http://c.g.wanfangdata.com.cn/periodical-htdzdk.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_htkz200905004&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_htkz200905004.aspx
http://c.g.wanfangdata.com.cn/periodical-htkz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ab%98%e5%85%83%e9%94%8b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e7%8e%89%e6%9e%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e8%89%b3%e6%96%8c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GAO+Yuan-feng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Yu-lin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Yan-bin%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_wxdgc200707008&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_wxdgc200707008.aspx
http://c.g.wanfangdata.com.cn/periodical-wxdgc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e6%9e%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%99%e4%bb%b2%e5%ba%b7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%91%a8%e4%b8%80%e5%ae%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e6%99%96%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Yang+Lin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Sun+Zhongkang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhou+Yiyu%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Xu+hui%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dianzixb199903015&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_dianzixb199903015.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dianzixb199903015&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_dianzixb199903015.aspx
http://c.g.wanfangdata.com.cn/periodical-dianzixb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e6%99%93%e8%8b%b1%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_mtjs201008061.aspx
http://c.g.wanfangdata.com.cn/periodical-mtjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e5%a3%ab%e8%8b%b1%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%bd%97%e6%99%af%e9%9d%92%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_hlyzhkz200904010.aspx
http://c.g.wanfangdata.com.cn/periodical-hlyzhkz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%ac%a6%e4%b8%ba%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_dzdkjs200806005.aspx
http://c.g.wanfangdata.com.cn/periodical-dzdkjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%91%a3%e9%92%a7%e7%a5%a5%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%8b%a4%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_mtjs201010067.aspx
http://c.g.wanfangdata.com.cn/periodical-mtjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ab%98%e8%b0%a6%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%ad%e7%a6%8f%e6%88%90%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e4%ba%ac%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%a7%9c%e6%96%87%e5%88%a9%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_htdzdk200705002.aspx
http://c.g.wanfangdata.com.cn/periodical-htdzdk.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e6%8c%af%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%86%e5%bb%ba%e5%8d%8e%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_zhjsxy200303007.aspx
http://c.g.wanfangdata.com.cn/periodical-zhjsxy.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e6%81%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%b2%a9%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%89%e7%8e%ae%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%91%a8%e4%b8%80%e5%ae%87%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_yhxb2006z1009.aspx
http://c.g.wanfangdata.com.cn/periodical-yhxb.aspx



http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%8d%a2%e9%91%ab%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Thesis_Y1038512.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%8d%a2%e9%91%ab%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Thesis_Y1038512.aspx
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200104002.aspx

