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The Studies on the Improvement of Accuracy
of the Ship’s Position by Kalman Filter

Yoon Yeojeong

Abstract

Nomenclature AT AL I slei A o) frEHER

oW 4.1 2k ei o) FREZAIB S IR
D L AR e 4.2 BELIESE RO, B0 B
KT el MR
2.1 a5y
el v 43 Aot Boel 215
RN Ay 2l
" ' 4 AFeoid Y R
2.3 zhbub 3le) & NI R e N o ) .
-.v'ﬂlf;l»-"“ ol e} FOTT AElre g £ :
A N P 5.1 fnel fessiEel Wik MY HEH
AT Ui R A 5.2 KAL) 959 WL :
‘ B 5.3 M HNAES MR W
31 SRR b alefe] A4 :
342 BIE SRR 7Rk AE S R

33 I SR bk alE o] fiikel ¢
@I 2 #F LR
3"1 KW [ 7\(}/\4 I] &HJ

&=
i

0o

3

oo
%]

el



54 BEEHEAE AP RXE Fo5 8

Absiract

This paper concerns the apnlications of the Kalman filier to navigation and
the revisicns of the extended Kalman filter. Methods to apply the Kalman fiiter
to celestial fix, fix by cross bearing and cocked hat are proposed, and numerical
simulations under various ncise conditions are conducted. The accuracy of the
optimal positions obtained by the Kalman filter is compared with that of the
fixed positions by radial error method.

In the case of celestial fix, an algorism to estimate the optimal positions by
using the linear Kalman filter is presented. The optimal positions by the Kalman
filter are compared with the running fixes and with the most probable positions
obtained from a single line of position. It is confirmed that the results of the
proposed method are more accurate than the others.

In practical piloting, bearings are generally measured intermittently and the
measurement process is nonlinear. It is, therefore, difficult for us to apply the
Kalman filter to fix by cross bearing. In order to be used in such an unfavor-
able case, the extended Kalman filter is revised and the applicability of the
revised extended Kalman filter is checked by numerical simulation under various
noise conditions.

In a cocked hat, an inside or outside fix is dependent only upon azimuth
spread, if the error of each line of position is assumed to be equal both in
magnitude and sign. A new technique of selecting a ship’s position between an
inside fix and an outside fix in a cocked hat by using fix determinant derived
from the equation of three lines of position is also presented. The relations
among the optimal position by Kalman filter, incentre(or excentre) and random

error centre of the cocked hat are discussed 'theoretically and the accuracy of
the optimal position is compared with that of the others by numerical simulation.

Finally, errors of optimal positions are compared with those of celestial fix
and fix by cross bearing by radial error method, and the error of celestial line

of position caused by the error of calculated azimuth is also checked.
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Nomenclature

In this paper,

1) Matrices are expressed by capital letters of English or Greek alphabet.

2) Vectors are expressed by small Godic letters of English alphabet.

£

3) The point which minimizes the sum of square of the distance to each side

D,
D;
[)xr

Gy

H
H,
h

of a cocked hat is disignated as random error centre.

3X2 ohservation matrix.

Altitude difference at the time Af.

Altitude difference error.

3% 3 observation matrix.

S-dimensional row vector.

Ship’s course.

Distance between true position and excentre of a cocked hat.

Distonce hetween true position and incentre of a cocked hat.

e

Distonce between incentre (or excentre) and random error centre of a
cocked hat,

Lrror of the {ixed position.

Error of the estimated poasition by Kalman filter.

Distance between true position and random error centre of a cocked hat.
Systematic error.

Distance from incantre (or excentre) to each side of & cocked hat.
Initiat valus of 4.

Expected value operator.

J-dimensional column vector whose each element is 1.

2-dimensional column vector whose each element is (.

Vector function.

Filter gain matrix in Kalman filcer.

Vector function.

2x3 ohservation matrix.

mxn observation matrix at the kth sampling time.

Altitude of a celestial body.
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3-dimensional observation column vector at ith time.
nX % identity matrix.
Sampling number.
Inversed matrix of H,.
o2/ (Z1).
2X 3 matrix.
Covariance matrix of X.
Covariance matrix of X,.
P(310)
Covariance matrix of x,.
Covariance matrix of p,.
Covariance matrix of p..
Covariance matrix of X(i|j).
(ATA)1A%e, 2-dimensional vector.
Maximum likelihood estimate of x.
Coordinate vector of the incentre (or excentre) of a cocked hat.
Coordinate vector of the intersection of two position lines.
Coordinate vector of the random error centre of a cocked hat.
Covariance matrix of w.
Element of .
Covariance matrix of r.
Radius of probable circle, radial error.
Radius of 95% probable circle, 95% radial error.
Covariance matrix of r..
Measurement noise vector composed of 7y, 73, 73.
Equivalent noise vector.
Measurement noise contained in Ath celestial fix.
Measurement noise vector contained in kth observation.
Measurement noise vector transformed to state vector.
Measurement noise of velocity at the time At.
Measurement noise of the bearing @, 8 of the objects respectively.

Distance between true position and DRP(or AP) in nautical miles.

Sampling time interval.
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t/n.

Disturbance noise vector at the time 74t

Beam directional velocity noise.

Fore and aft directional velocity noise.

Initial velocity.

Velocity at the time &t.

Measured velocity at the time k¢.

3-dimensional disturbance noise vector.

n-dimensional disturbance noise vector at the time kf.
DRP’s east-west-position error in nautical miles.

Coordinate of latitude or longitude corresponding to o1 and o respectively.
Difference of longitude between true position and DRP.

State vector composed of x, y or x, ¥, d.

Initial value of .

Initial value of x.

Estimate of xo.

Estimate of Xo.

3-dimensional column vector composed of p; and d..

Difference of longitude between DRP and the incentre (or excentre) of
a cocked hat.

The transition of state vector caused by the disturbance noise vector
until the time 14¢(<¢).

Optimal estimate of x(i) by using the measurements up to the time jt
(<),

Difference of longitude between true position and DRP at the time ¢.

n-dimensional state vector at the time kf.

x.(at, @) Difference of longitude between true position and DRP computed by

using «, and B:.

The transition of state vector caused by the disturbance noise vector
during sampling time.

Difference of longitude between DRP and the random error centre of
a cocked hat.

DRP’s north-south-position error in nautical miles.
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y Difference of latitude between true position and DRP.
Yo Initial value of y,.
¥: Difference of latitude between DRP and the incentre (or excentre) of

a cocked hat.
5 Difference of latitude between true position and DRP at the time %t
y(k)  m-dimensional measurement vector when the measurement noise is 0.

yi(at, B) Difference of latitude between true position and DRP computed by using

o, and B

¥, Difference of latitude between DRP and the random error centre of a
cocked hat.

2 Computed zenith distance of a celestial body.

2 Altitude difference obtained by kth observation.

z(R) m-dimensional measurement vector.
2o Observed zenith distance of a celestial body.
z,(k)  Measurement vector transformed to the state vector.

&y Br Observed bearing of the object at the time kf respectively.

4 Fix determinant.

& Total error contained in Ath observation.

6o Difference of azimuth between the two celestial bodies, which is less
than =z.

64 Difference of azimuth between the two celestial bodies except &,.

0 Azimuth of the celestial body at the time: k2.

460 Azimuth error.

by DR longitude.

o Initial DR longitude.

Ne Estimated longitude.

Me DR longitude at the time Af.

oo Standard deviation of the error of x, and ;.

o1, a3 The smaller is designated oy and the larger is designated o3 of o, and o,.

o, Standard deviation of the error of a,.
o Standard deviation of u,;.
o4 Standard deviation of the error of d,.

o Standard deviation of ;.
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Standard deviaticn of the random errcor contained in altitude difference.
Standard deviation of velocity error.

Standard deviation of the error of v,.

Standsrd devistion of longitude and latitude error of estimated(or fixed)
position respectively.

Stenderd deviatien of xy and 3y respectively.

o4y 0,: Covariance cf o, and o, respectively.

C s
[N
(]

Fa

o3

Standard deviation of the error of a, and B respectively.
#Xn transition matrix.

DR latitude.

Initial DR latitude.

Estimated latitude.

DR latitude at the time kt.

Optimal estimate of o.

The angle of intersection formed by two position lines.
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oay=a,,=1".0, 5.0, 10°.0
vo=15kn
a,=0.5kn, 1.0kn, 1.5kn
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os=0.015kn, 0.030 kn
o5=0.015kn, 0.030 kn
t=0.5Chour), 4¢{=0.005Chour)
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Table 3-1. Positions of selected objects.

Object , N Lat. i E Long. ‘ Object N Lat. I E Long.
L 34°477.0 1 128°49%.9 | L, 34°16%.0 127°10%.5
L, 34°317.0 | 128°457.0 1 Ls 3401170 126°337.0
L, 097 | 12873000 L 24°057.2 | 1263572
L, [ 34°367. 4 ’ 128°15.0 | L 83°597.0 | 126°107. 0
Ly | 34°407.0 127°587.0 ’ Lu 33°55°.0 | 1259467, 5
Ly 34°217.0 ‘ 127°27.0 | Lu 33°487.0 ] 125°187.0
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Table 3-2. The order and number of measuring of selected objects,

The order of measuring The name of objects , Number of measuring
k= 1~3 L, L. l 3
k= 4~6 L, L. 3
k= 7~9 Ly, Ls 3
k=10~12 L, L, 3
k=13~15 L, Ls 3
k=16~18 Ly, L 3
k=19~24 L, Ln 6
k=25~30 Ly, L 6
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Fig. 3-7. Measurement noises and the angles

of intersection formed by two posi-
tion lines in case of the same
condition as Fig. 3-3 & 3-4.

of intersection formed by two posi-
tion lines in case of the same
condition as Fig. 3-5 & 3-6.
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