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A Study on Minimizing Position Error
in Hyperbolic Fix Determination.
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Abstract

The Radio Navigation System(R. N. S.) has been progressed consistantly with the development of

electric-electronic engineering techniques since the R. D. E. had been developed in 1910.

The R. N. S. mostly depends on either Hyperbolic Navigation System(H. N. S.) or Spherical Navigation

System(S. N. S.) in the ocean, and on Rectangular Navigation System(R. N. S.) in the air near the airport,

or on a combination of the above systems in both area.
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Another effective R. N. S may be the Ellipse-Hyperbola Navigation System(E—H N. S.)), which is
proposed and named such in this paper.

The equations calculating GDOP are derived and the GDOP values are calculated in the case of H. N.
S, S. N. S. and E—H. N. S, respectively, for the specified case that four transmitting stations are arranged
on the apex of a square. Then the GDOP diagrams of above navigation systems are presented for
qualitative comparison in this paper.

To measure the distances from the receiver to the stations in S. N. S., and.”or the sum of distances
to two stations in E—H N. S, the time synchronization between the transmitter clocks and the receiver
clock is a major premise.

The author has proposed the algorithm for getting this synchronization utilizing the by S. N. S. or E—H
N. S while GDOPs of those are relatively good.

Even though clock synchronization error is inavoidable due to the fix error used, the simulated results
show that the position accuracy of S. N. S. and E—H N. S. by the proposed method is far upgraded
compared with that determined by H. N. S. directly, as far as the outer region of transmitter arrangement
is concerned.

Nomenclature

C . the radio wave velocity.

d; . the distance from the jth beacon to the actual position of the rceiver.

d* : the distance from the jth beacon to the estimated position of the receiver.

Di : the distance from the jth beacon to the position of the receiver estimated by the Hyperbolic
Navigation System at the moment when the ith time signal is transmitted.

F > a (NX3) vector specifying the direction of beacons from the receiver.

i > a (1X3) unit vector pointing from the receiver to the jth beacon.

P. a covariance matrix of g

Pu a covariance matrix of errors of Hyperbolic Navigation System.

Px a covariance matrix of errors of Ellipse-Hyperbola Navigation System.

P. a P. matrix normalized by the mean squared values. '

P, a Py matrix normalized by the mean squared values.

P, a Pr matrix normalized by the mean squared values.

Pei a covariance matrix of Ry — Ry

Prr a covariance matrix of Rx — Ry

Pgs a covariance matrix of Rs — Rs

Qu a quadratic error in Hyperbolic Navigation System.

Qe a quadratic error in Ellipse-Hyperbola Navigation System.

Qs a quadratic error in Spherical Naviagtion System.

Ry a (3X1) vector specifying the true position relative to the assumed position in Hyperbolic
Navigation System.

Rx  :a (3X1) vector specifying the true position relative to the assumed position in Ellipse-Hyperbola

Navigation System.
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Rs !a (3X1) vector specifying the true position relative to the assumed position Spherical Navigation
System.
t; : the time required for the signal propagate from the jth becon to the receiver.
t;* . the measured time required for the signal propagate from the jth beacon to the receiver.
T+« T a (NX1) vector specifyint t*.
T - the time of the ith pulse transmission from the beacon.
T. * the time of the mth pulse transmision from the beacon.
T, . the time of the first pulse transmision from the beacon.
Tk - the arrival time of ith pulse from the jth beacon to the receiver.
Greek Letters
&* I the distance from the jth beacon to the assumed position.
5* *a (3X1) vector specifying the §*.
AT the interval between pulses.
€ : the measured time error due to disturbance in the wave propagation medium and receiver noise.
o} * an angle included between two beacons.
& > the random noise of Th.

(c*c)? . the mean squared ranging error.
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