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Abstract

This paper describes a navigation system design for horizontal position estimation using inertial
measurement sensors and celestial navigation. In space, stars are widely spread objects in the celestial
sphere and have been used mainly to obtain attitude information through star observation. However, it is
also possible to obtain information about the horizontal position with the altitude of the star. It is called
celestial navigation which is the same principle that former navigators used to locate themselves while
sailing on the sea. In particular, in deep space where GPS is not available, it is important to obtain information
on the location by making use of stars that are relatively easy to observe. Therefore, we introduce a
navigation system that can estimate horizontal position and design two types of systems, loosely coupled
and tightly coupled depending on how the measurements are utilized. It is intended to help in the future

design of navigation system using celestial navigation by simulation studies that not only verify whether
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the system correctly estimates horizontal position but also comparing the performance of loosely and tightly

coupled methods.

Wao] 1 3 X, BHZAAN, A2 Y, Y Aad, obAY, BAT
Keywords : horizontal position, inertial measurement sensor, celestial navigation,
navigation system, loosely coupled, tightly coupled
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Fig. 3. Position errors of celestial navigation with 2 stars.
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Table 1. Overall algorithm of proposed navigation system with celestial navigation

(Propagation Step)

- Attitude
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Table 1. (Continued)

{Update Step From Each Sensor)

- Sensitivity matrix of star sensor
Hgr = [I3x3,  Hspsrr O3xo]
- Sensitivity matrix of altimeter
Hyr = [O1xs, 1, O1xo]
- Sensitivity matrix of celestial navigation
-FORi=1:N
Hiczvs, tightly — [Onxs, H&P' Hsz,  Oyxiol
END FOR
H = [Hgr, Hayr, Hens]”
- Gain calculation
Ky = Pg H &) [HPf HT (%) + R ™
P =1 = KHT (®)1P¢
- Final update
AR} = KilZz — H(%)]

X =% + A%

4. A=g0]d Zat

AlEFol ol AR FH AlAHle] SHMEA PSS FSIEA] SRIskE
olE flste] AMGEIE AXES] A5 that 2ol sttt ¥ AlAE 10 arc-second(1o)
9] 422} 10 Hzo| AHIPIE £=5 7Pdsiqit. M3 | A5 R oAM= 2
o] N==RE fxet AxE FHAAGHES Sl Altsto] I A" Alssh, dt
9] 3% o 1=E Idi® P ALH AlFste] LOP A2 SR AT 4 =
= 53t A A= o] S st 3709] o] I =E 30 arc-second(10)9] &+
L8 S4she A& 7Pt on, E AAet SA5H 10 Hz9 AUlolE £&5 75t
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AEo| o4 A8 BHEFIA M5 & 27] 9AE Table 2 2 Table 361 Fefst
Rom], Alg#ol4d & 1,000% ﬂﬂs}%ﬁr

Table 2. Specification of inertial measurement units

Inertial measurement unit

Gyroscope Accelerometer
Update rate 50 Hz
Random noise 0.005 deg/rhr 17 ug/rHz
Bias 0.01 deg/hr 30 g
Bias drift 0.005 deg/hr 30 ug/hr
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Table 3. Initial errors for simulation study

Initial error
Attitude [0.1deg —0.1deg 0.1deg]
Position [-0.01deg 0.01deg 50m]
Velocity [-5m/s 5m/s 5m/s]
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Fig. 5. The attitude errors of proposed navigation system.

Position error

=107
1 b
o 4t Tightly o
g 2 Loosely
= op :’:;WP*“ME“:&_)Y NUWATLACIAC A " r
ke | " WS
0 200 00 400 500 00 700 800 900 1000
0.05 -
— M
o I
() | e
S o W 'Q\I'f gt T e
o V
008 ; | ‘ . | . . . |
100 200 300 400 500 600 700 €00 900 1000
10 | o'
T A, h S
= i L™ 4 "W I
el LY M b
E I Wy a VO LS
= W W
@ -10H ¥
N S S U (N SN S N N
100 200 300 400 500 00 700 8O0 00 1000

time[sec]
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Velocity error
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Fig. 7. The velocity errors of proposed navigation system.
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Table 4. Root mean square errors according to coupled methods
Tightly—coupled Loosely—coupled
1.8495e-3 0.0185
Attitude (deg) 3.7954e-4 0.0031
9.2055e-4 0.0077
Position (deg) 2.9402e-4 0.0012
2.0972e-3 0.0203
Altitude (m) 5.7835 5.9802
0.1812 0.3516
Velocity (m/s) 1.2345 6.8257
0.1022 0.1075
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