2012

in
H
(I
0mn
o
T
o
ton
rr
o
]

pp. 160~161

A Study on Errors in the Free-Gyro Positioning & Directional
System(II)
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ABSTRACT : This paper is to develop & analyze the position & direction error equations in the free-gyro positioning & directional
system by using two free gyros and is to find out the amount of the errors. First, the position & direction error equations are

introduced and developed, based on the position & direction equations. Second, the value of errors is discussed based on sensors errors.
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1. Introduction c=cc
[—singcosl -singsind  cosp |[cogot sinmt O

A free gyro positioning & directional system (FPS) is to =-sind cost O -singt cogt O
determine the position of a vehicle by using two free | —cogpcost —cogssind  —sing|| O 0 1
gyros(Park & Jeong, 2004). The free-gyro positionong & _—singbcosﬂ+w'et) —singsin@l+a@t) co%
directional system consists of a set of units with a vertical =|—sing+at) cosg+a) 0
gyro, two free gyros and the computer that calculates —cogpcos+at) —cogsind+ay) —sing
navigational information. -

The position & directional error has not been decided yet. .
The system is thought to have position errors caused by g\r/]=C|ng{/

the variation in Earth rate, measurement of time, and sensor T_SingcosA+a@) —singsingi+ o cow Ty,

—sinfl+at) cosi+at) 0 u,
| —cospcosd+at) —cospsind+at) —sing| u,

errors, etc. In this paper the position & directional error
equations are introduced and developed, based on the

definition of the type of errors which may be involved in

the FPS. Then the amount of the errors of position & —U singcosd+at)—u, singsin+at) +u,co8p | [N,
direction by two free gyros were analyzed by the =|-u sin@+a}) +u, cosl+at) =| E,
transformation of the coordinate frame. —U, cospcosii+at) —u, cospsind+at) -u,sing| [ D,

2. Determination of Vehicle's Position & U
. , 6=t =_u A+@t)-u, in(A+@t)-u,s
Direction by Two Free Gyros T 00Sp o+ 3) ~u, cospein(f+ ) ~u,sing
(3)

E U, SN(A+@t)+u, cos(A+@t)
N, -u,singcos(A+a@t)-u,singsin(1+at)+u,cosg

2.1 Determination of Vehicle’'s position

2.2 Determination of Vehicle’'s Heading
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by the transformation of the coordinate frames. And the errors

N
Forward
a, cos ¢

a =y + \;
o : azimuth of

@, CosPcosys gyro vector

Horizontal &
»E
(1)
gyro vector = Rightward

(2)

(3)
@, =, COSP COSY

o, =-0,cosgsiny
(4)

wy
w = arctan—-
o

X

involved in the free-gyro positioning & direction system were

defined. Finally the error amount was theoretically investigated.

References

Farrell, J. and Barth, M.(1999), “The Global
Positioning System and Inertial Navigation”,
Mcgraw-hill, pp. 44-50.

Jekeli, C.(2000), “Inertial Navigation Systems with
Geodetic Applications”, Walter de Gruyter, p.25.
Jeong, T.G.(2005), “A Study on the Errors in the
Free-Gyro Positioning System (1)”, International
Journal of Navigation and Port Research, Vol. 29,
No. 7, pp. 611-614.

Jeong, T.G. and Park, S.C.(2006), “A Theoretical
Study on Free Gyroscopic Compass’, International
Journal of Navigation and Port Research, Vol. 30,
No. 9, pp. 729-734.

(6) Park, S.C. and Jeong, T.G.(2004), “A Basic Study on

6= fz @, dt

(7
3. Error Equations
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The error equations of position and direction are obtained
by using the following transformation matrices.

cosécosny —siné cosésing
Cy =|singcosn cosé sngsing
—-sinpy 0 cos7n

cosP snRsnP cosRsinP
ng 0 cosR —-sinR
—sinP snRcosP cosRcosP

Position error equation

a 3 Aa
b= Ly 9

4. Conclusions

In this paper based on the position & direction equation by two

free gyros error equations of position and direction were analyzed
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