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Error Analysis of Three FOVs Celestial Positioning and Orientation with
Minimum Loss Function
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Abstract: The influence of each error source on the position and orientation determination accuracy in
three fields of view celestial positioning and orientation method based on minimum loss function was
researched. Firstly, the mathematical model of celestial positioning and orientation of three fields of view
based on the minimum loss function was proposed. Secondly, the characteristic and the probability
distribution of error source were summarized, the impact of error sources on positioning and orientation
information pair was analyzed. Finally, the position and orientation error simulation model was
established, and the error simulation was done by using Monte Carlo method. The simulation results
show that the mean of position accuracy is 88. 1 m, and the mean of orientation accuracy is 3. 0". We
point out that dominant error source is horizontal measurement error, and next one is vertical deviation
data error. Outdoor experiments show that the mean of positioning accuracy is 163. 0 m, the mean of
orientation accuracy is 3. 5", and the horizontal measurement error is the main influence on the overall
result.
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Fig.1 Structural diagram of celestial navigation by

three apertures
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Table 1 Distribution characteristics of main errors

12)

Item Parameters

Parameters description

Error notation

Probability distribution

Types of probability

distribution
Measurement error of X axis 0.005°(£10°),0.003°(£7%), o
1 o . . Ao 5 . t distribution
in the tilt sensor 0.001°(£3%)
Measurement error of Y axis 0.005°(£10°,0.003°(£7°) o
2 T . i At 5 B t distribution
in the tilt sensor 0.001°(+£3%
Temperature measurement error o L .
3 Temp . ATemp N(0,0.02%) Normal distribution
of meteorological sensors
Humidity measurement error S
4 Hu . AHu N(0,2%) Normal distribution
of meteorological sensors
Pressure measurement error o
5 Pr . APr N(0,0. 3hpa) Normal distribution
of meteorological sensors
6 Pty Error of centroid extraction APty N(0,0.051/Pixel) Normal distribution
Angle errors caused by installation
7 Av, parameters and optical parameters AAvy, N(1.710",1. 153" Normal distribution
calibration
Azimuth errors caused by installation
8 Zy, parameters and optical parameters AZy, [0,360%) Uniform distribution
calibration
9 E d by ignoring pole shif By € (ZOL0AD . distribut
¢ TpVp rror caused by ignoring pole shift Az, Ay, , . niform distribution
i e Ay, € (—0.3",0.6"
) ) Ap~N(0.663",0.723"), o
A VNS Error of deflection of the vertical A A . ” Normal distribution
AE~NI(0.6597,0.7247)
, Error caused by atmospheric , Y Y ) S
B V. ) ) AV, (—0.97,0.9") Uniform distribution
refraction correction model
2.1 2)
1) b b

0. 005° (£
10°),0.003°(£7°).,0.001°(£3%),
t
V.
0923002—4

4.8 PS.

1"

107" s,

67 ms

7.2X1077. C,



Crirs , Virgs
s 0.1m
3)
Temp 0.2C; Hu
2% RH; Pr 0. 3hPa,
. Vi
4)
10 .y
0.051,
’ Lo .
\&
2.2
San
KP;. Dt, . Al
E., FixAng;.
(2).(3) , V,
{ fi.KP,.Dt, A, .E, .FixAng,}’
{Ptyne sV} , Pty
(2).(3) Vi
Vi Vy
Vi
Vs ViV
, 1.710", 1.153";v, v,
[0°,360°) . Ve Vq
( A, E)D.
(AAy AZy)
2.3
D
A ) A 40
0.02",

) z, € (—0.4",0.4",
v, € (—0.3",0. 6",

A
C’I‘IRS

0 1) ( 6 ) Cl'l‘RS

4 ViTRS

2)

[20]‘ 77 A?] s
Ap~N(0. 663,0.723); & AE
. AE~NC(0. 659,0. 724)™7,
3)
Bennett s
O. 9/,“1’ ) )
V!
4)
SOFA fz2]
1AU2000B
R SOFA N R
Vr , 10 3M13] ,
vV, ,
ViTRS
3
1
(8).(10)
, [4.5° 3.3750°]",
120°, 45°,CCD
1024><7689 4. 65 ‘ul’n><4. 65 ‘um;
CCD , ,
7 Tycho2
, J2000. 0;
R 2014-10-1 0 0 = 03
(0°,0%,
4 , Pty

0923002—5



Counts=1000

v

Set

(A,¢,Azi) randomly

parameters

v

| Calculate AxiVec,cyg

Extract stars stars

A
Calculate Vy

Calculate Vg

A 4
| Calculate Pt;,,,

v

Add centroid extraction error
¥

Add device calibration error

v
| Calculate V; |

| Add pole shift error |

Add measurement error of tilt

sensor
¥

| Calculate Vs I | Calculate V, |
¥

Add measurement error of
meteorological sensors

Add refraction correction
model’ s error

v
| Calculate V,

¢

Determine celestial
position and orientation

¥

| Add vertical deviation error |

v

| Calculate result 1’ ' ,AZi

¥

Determine position and
orientation error

Fig. 4 Flow chart of positioning and orientation determination

Calculate Vy

Calculate Vi
Calculate Vigs

Counts=Counts—1

5 Pty

Fig. 5

Flow chart of Pty,, compution

3.1

H

¢
Lo,

0,
3.2

0923002—6

1) Counts=1000,
, A [—180°,180")
[—90°,90°] .

360°) s

2) N

AxiVecicgs s

Star,.
v,.
VTIRS ’
VITRS‘
3)
Star;
5. \
4) 4, Pt
V..
5)
A ¢ Azt
Azi
6) (13).(14)
7 1 1)~6)
LOC(A s Qs h )
Loc(A",¢ s h) | Azi
DistErr AziErr
DistErr= ‘ Viee = Vi
AziErr= | Azi— Az’ |
Ml)l.\'rl",rr M/\ﬂl':rr b
MST)is!F_r
MS

MS:Z”: ‘I,*X ‘ /n
i=1
X X, ’

Azi
200 m.
4
Counts
Azi,
(13)
(14)
MS, i -
(15)



4.1
4.1.1

’

0.001°(£3%), 1. 6 7

88.1 m.,
3.0, 2.4",
350

300 1
250 1
200 ¢

DistErr/m

150 §

6
Fig. 6 Simulation results of position fix error
30
25+
_ 20
g s
<
10 H
5
0 Ll
0 200 400 600 800 1000
Counts
7

Fig. 7 Simulation results of azimuth fix error

4.1.2

1 6
: (1.2, 1
6) 1M (7.8 . N
(3.4.5.B).V
(CON (A).
0.001°
(£3%, 1.

2
Table 2 Simulation results of position fix error when

adding different group noises separately

Error category [ Il It v Vv VI

Mg /m 8§0.1 3.2 6.3 2.0 9.6 34.2
MSpig /m 42.4 1.4 2.6 1.2 6.7 18.5

3
Table 3 Simulation results of azimuth fix error when

adding different group noises separately

Error category 1 I I I\ Vv W

M /(D 2.5 0.2 0.3 0.1 1.0 1.6
MSuyie./(D 1.9 0.1 0.2

4.1.3

4
Table 4 Simulation results of position and azimuth fix error

when adding different levels of inclination measurement noises

Ap AT/ (%) 0.001 0.003 0. 005
Mpign/m 80. 1 239. 6 404.5
MSpie: /m 42. 4 124.9 217. 2
Maige /(D 2.5 6.9 11.8
MS e /() 1.9 4.6 8.3
4.1.4
5
5

Table 5 Simulation results of position and azimuth fix error

when adding different centroid extraction noises

APty /pixel 0.01 0.03 0.051 0.1
Mpige:/m 0.9 2.1 3.2 6.0
MSpicn /m 0.6 1.0 1.4 2.5
Masiee /(7 0.0 0.1 0.2 0.3

MS ke /() 0.0 0.1 0.1 0.3

4.2
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