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Research on Formation Flying Relative Positioning
and Attitude Determination: Algorithm and Experiment
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Abstract: The theory of relative positioning and attitude determination using GPS was expounded in detail, then the model
of positioning and attitude determination w as constructed. The model errors was discussed in detail. An experimenal system w as
established to validat e the algorithms. Finally several aspect of researching formation flying was put forward.

Key words: formation flying; relative positioning; attitude determination; GPS

,GPS
, GPS ,
.21 Stanford
[3]
1
, GPS
, WGS- 84 ’ ’
GPS
1.1
B= J(xim @)%+ (yim V)7% (2= )7+ cblim e+ et o, (V
* :2002- 11- 18
. 863 (863- 02)

(1973—),



20 2003 2
¢ i j  GPS C(xioyiozi)t i  WGS- 84
&y 2)T GPS j  WGS- 84 , 6T, 6T e ,
m(.my 69]) ’ s
1.2
) , GPS
@i= 1"+ € (2)
e 1 GPS b
13
= 1"b+ N+ € (3)
@ 2
N . (3) (2) N
[4
2
2.1
1 ; AB(B) A GPS
S a, B(B) S b(b ), AB
(8) ¢ :
GPS ,
S
AP= a- b (4) 1 DGPS
Fig.1 Geometric of relative
AF‘ = ccosB (5) positioning using DGPS
di= AP- AP = a— b- ccosDd (6)
AB(B) AS 0, ASAB(B)
b= Ja’+ ¢~ 2accosh (7)
(1) (6) . O(AP- AP )/06= 0,
acsin 0 .
- + ¢sinf= 0 (8)
Ja2+ 2= 2accos
cosf= ¢/2a (9)
0= arccos(¢/2a) GPS , d
2
di= 5~ (10)
0=0 ,di=0 (6) (7)
2
di= (a=_b)ccosB- ¢ <0 (11)

a+ b



di €L~ ¢¥/2a 00 2 GPS
3 - 0=19200km ® " a=15200km
--- a=20358km 4 . @=20358km
g § —=- a=7131 Skm A A
g L -pE @xr e
- -2 =] o
: ;|
G 15 %
E. % .
-0.5
OD [} 2("00 4["0“ * ﬂ;nn * B[;l}ﬂ 10000
FWAKE /fm
2 3
Fig.2 Observation errors induced by linearization Fig. 3 Observation errors induced by ephemeris errors
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Tab. 1 T he variance in three direction of relative positioning Tab.2 T he variance of in three direction of relative attitude
(rad) (rad) (rad)
0, (m) 1. 6917 0. 5461 0. 0045 1 0. 0071 0. 0088 0. 0045
0O, (m) 3.5353 0. 2769 0. 0048 5 0. 0015 0. 0021 0. 0016
0, (m) 3.2533 0. 3971 0. 0025
5
(1) , GPS
(2 ) ,



24 2003 2

WA RN /m

ml
#
= 4
#
]
E-w 2 : N N . 2 . s 004 . " . . X . . . .
0 100 200 300 400 500 600 YOO 800 904 % 0 100 200 306 400 500 600 V00 800 900 1000
L] L] T T T — 4 M -
£ 5
s — | z
2 5%,
48 Lo
: M L 1 s M D04 i A " L 2 L N N )
3 Q 100 200 200 400 5G0 s0C 700 EOC 900 1000
ﬁ i " :#&1
& uT
fal
=}
E - R
= 0.0 1 s " " ' L M L i
-0 I 100 200 300 400 S$00 600 70O BOD 900 ] 100 200 300 400 300 800 700 BOO 920G 1000
iy ik
5 6
Fig.5 Errors of relative position determination Fig. 6 Errors of relative attitude determination
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