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Abstract

Over the years, the Global Positioning System (GPS) has evolved to become
an important navigational and positional system and is widely used across the
world. The system promises high accuracies if the navigational signals transmitted
by the GPS satdl lites are observed accurately.

The moddling of a single point and relative point determination of user
position includes pseudorange measurements. Taylor series is used to linearize the
nonlinear model. Two methods are used to estimate the three dimensional user
position: Recursive Least Square (RLS) method and continuous Genetic Algorithm
(GA) method.

Real data is used and results show that the GA enhances the estimation of
user position more than the RLS by high error minimization and the minimum
number of avalable satellites needed. RLS with three satellites give an error that
exceeds the dlowable limits, while GA gives an acceptable error. Reldtive
positioning method is more accurate than the point positioning method for both RLS
and GA methods..
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1. Introduction:

The global positioning system
(GPS) consists of a constellation of
24  operationa satellites. These
satellites are arranged so that four
satellites are placed in each of the six

orbitd planes to ensure continuous
worldwide converge. Positioning
with GPS can be performed by either
Single Point Positioning (SPP)
method or Relative Point Positioning
(RPP) method.
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GPS single point
positioning, aso  known as
standalone or autonomous
positioning, involves one GPS
receiver; i.e, one GPS recever
simultaneoudly tracks four or more
GPS satellites to determine its own
coordinates with respect to the earth.
To determine the receiver's point
position at any time, the receiver gets
the satellites coordinates through the
navigation message, while the range
is obtaned from either the
Coarse/Acquisition (C/A) code or the
measured pseudorange. Both these
methods are contaminated by the
satellites and the receiver clock
synchronization errors. Correcting
the satellite clock errors is done by
applying the satellite clock correction
in the navigation message. The
receiver clock error is an additional
unknown parameter in the estimation
process.

GPS relative positioning
employs two GPS  receivers
simultaneously tracking the same
satellites to determine their relative
coordinates of the two receivers;, one
is selected as a reference, or base,
which remains stationary at a site
with precisely known coordinates,
the other receiver is known as the
rover or remote receiver. A minimum
of four common satellites is required
for RPP. However, tracking more
than four common  satellites
simultaneously would improve the
precison of the GPS position
solution.

2. Calculation of User Position:

The unknown user position
in three dimensions (x,y,z) and the
known jth satellite positions (X, V;,
z) within the Earth Centered Earth
Fixed (ECEF) Cartesian coordinate
sysem are shown in Fig. (1). The
vector r represents the positions of

the satellite relative to the coordinate
origin, R is the vector that represents
the distance between the user and the
center of the earth, and P represents
the vector offset from the user to the
satellite

The satellite to user receiver vector is
given by [1]:

P=r-R @)
The measurement of the propagation
time Dt and multiplying it by the
speed of light ( ¢ ) give the distance
P. The timing relationships ae
shown in Fig.(2) where Ts is the
system time at which the signal left
the satellite, T, is the system time at
which the signal reached the user
receiver, &, is the offset of the
satellite clock from system time, § is
the offset of the receiver clock from
system time.

Thus the difference between the sadlite
and the recaiver clock offset denoted by
the pseudorange (), then Egn.(1) can

be written as[1]:

r-ct=|r-R| 2
Inthree dimensional coordinates

system the pseudo range is given by [2]

I =\/(Xj - X)2+(yj - 3/)2*'(2j - Z)2 +ct

©)
Where | represent the satellite used.
The approximate pseudorange is
estimated by
) =\/(Xj - )A()z"'(yj - 9)2"'(21 - 2)2 +ct

4
Thisequation is difficult to solve and a
linearized version can be used to solve
the user position through iteration by
using Taylor series with first order
approximation. Hence the pseudorange
error isgiven by
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The Ag, Ay;, and Ay, terms in Egn. (5)
denote the direction cosines of the unit
vector pointing from the approximate
user postion to the jth satdlite. Four
unknownsA X, Ay, Az and At, can
be solved by making ranging
measurements to four satellites. The
unknown quantities can be determined
by solving the set of linear equations
bel ow:

eDr u e'A\Xl'A‘yl Azl 1ueDX

é
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(6)

or

Dr = ADX
Where
€Dr ;U éDx 1
u é u
Dr =€ "2, Dx—éDy u
éDr ,u ébz U
e u e u
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The pseudo inverse of A matrix can
be used to obtain the solution

DC = A'Dr
()
This linearization scheme will work
well as long as the displacement
( A% Ay, Az) is within close
proximity of the linearization point.

A double difference can be
expressed as a difference between
two single differences which is the
difference in observation measured
for two satellites by two receivers.
The double difference pseudorange
measurements for two receivers (a
and b) isgiven by [3]:

_ a b
Dry=Dr;"- Dr; (8
Where Dr, is the double change

in the range measurements. The
difference of the direction matrix is
denoted by:

A=A A ©)
Where A4 is the difference between
the parameters of the two direction
cosine matrices. These equations can
be put in matrix form by making the
definitions:
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Dr, = A, DX, (10)
Where

e, U
u

o =@ eag DXy =[DX, - DX,
> Y
u
&Dr 440

This equation hasthe solution
DXy = Ay" Dr 11

3. GPS Errorsand Biases:

The GPS pseudorange is
affected by several types of random
errors and biases (systematic errors).
These errors may be classified as [4];
errors a the satellites (orbital errors,
satellite clock errors and effect of
selective availability), errors at the
receivers (receiver clock errors,
multipath error and receiver noise),
and errors due to signa propagation
(the delays of the GPS signal as it
passes through the ionospheric and
tropospheric layers of the
atmosphere). Some of these errors
and biases can be eliminated or
reduced through appropriae
combinations of the GPS
observables.

4. Recursive Least Square (RLS)
Algorithm:

It is an iterative method that
provides the coordinate of the user
position and clock bias from the given
information. This iterative method
extracts the GPS user position when at
leest four sadlites and the
corresponding pseudo  ranges are
known. Refer to Egn. (7) the solution
may be written as

DX =[A" A *ATDr (12)

In RLS method, the
estimated parameters are improved
with each new data. The new
estimate of the parameteris equal to
the old estimate plus correction
terms. The correction term depends
linearly on the error between the
estimated and its prediction
parameter.

5. Continuous GAs.

The GA is a globa search
method that operates on a population
that is created from the approximate
coordinates of the GPS receiver,
denoted by potential  solution
applying the principle of survival of
the fittest which uses minimum error
distance and maximum fitness to
produce better and better
approximations to a solution.

GAs can be characterized in
terms of eight basic attributes: (1) the
genetic representation of candidate
solutions, (2) the population size, (3)
the evaluation function, (4) the
genetic operators, (5) the selection
algorithm, (6) the generation gap, (7)
the amount of elitism used, and (8)
the number of duplicates alowed [5].

For most GAs, candidate
solutions are represented either by
binary or read coded chromosomes.
Real coded representations typicaly
dlow for more accurate solutions,
because the chromosomes do not
have to be decoded prior to the
evaluation of the cost function [6].

Starting from an initia
populaion of strings, the GA uses
these operators under specified
selection rules to a state that
maximizes the “fitness’, i.e,
minimizes the cost function, to
ca culate successive generations. The
populaion size is the number of
individuds that are dlowed in the
population maintained by a GA.
Since our am is to determine the
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user position in three coordinate
systems then the number of
parameters in a population are three.
Fitness is normally defined as a
function that takes as its single
parameter the individual and returns
areal number representing the fitness
vaue of that individuad. The
evaluation function of a GA is used
to determine the fitness of an
individual.

GA researchers have
developed a variety of selection
algorithms that provide the type of
harmony between the selective
pressure and diversity needed to
enable GAs to search efficiently and
robustly. There are basicaly three
types of selection agorithms:
proportionate selection, linear rank
selection, and tournament selection.
In this work a proportionate selection
will be wused. In proportionate
selection, individuals are selected
based on their fitness relative to all
other individuas in the population.
This process of selecting parents is
similar to spinning a roulette wheel
to determine which individua is
chosen to be a parent. The better is
an individual’s fitness the bigger is
the piece of the roulette wheel that is
taken up by the individua and the
greater is the probability that it will
be selected as a parent. One
advantage of using proportionate
selection is that its selective pressure
varies with the distribution of fitness
within a popul ation.

Offspring are created as a
result of applying genetic operators
to individuas that are selected to be
parents. There are basically two
types of operators used in genetic
algorithms: crossover and mutation
[5]. Crossover operators create
offspring by recombining the
chromosomes of the selected parents

with a probability proportional to
their fitness. The crossover operator
randomly  exchanges  substrings
between two parent chromosomes to
create two offspring The most
common type of crossover operator
is caled single point crossover [5].
This operator takes two parents and
randomly sdects a single point
between two genes to cut both
chromosomes into two parts. The
crossover operator then takes the first
part of the first parent and combines
it with the second part of the second
parent to create the first child. Single
point crossover can be applied to red
coded representations.

Mutation is used to make
smal random changes to a
chromosome in an effort to add
diversity to the population. The
mutation operator enhances the
ability of the GA to find a near
optimal solution to a GPS problem
by maintaining a sufficient level of
genetic variety in the search for the
best solution.

In this work, the parameters
for the GA are set as: population size
equal to 1000, mutation probability
equal to 0.05, crossover probability
equal to 0.7, and the maximum
generation equal to 5.

6. Converson from ECEF
Coordinates into East, North, Up
(ENU) Coordinates:

The relation between ECEF
coordinates and the ENU coordinates
may be determined by using
appropriate direction cosine matrix
which is a function of the azimuth
anglel and pitch anglej as shown
in Fig.(3). The baseline of satellite
with length P and azimuth angle Y
measured from the north in
clockwise direction in horizontal
plane Q is the inclination angle of
baseline in the horizontal plane. The
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direction cosne matrix is giving by
[7.8]

é&u é -si cos 0 B
a0e .. L 8,0
e S0 cot -sinpsin co;steufﬁ(lj

@Jf Bcopcot copsin s @QECE‘

(13)

7. Accuracy M easurements:

The dilution of the precision
term is used to measure the accuracy
of user position. The postion
dilution of precison PDOP is
defined as[1,8]

PDOP:l1/sf+sj+sZ2 (14)
S

or
PDOP=,/sZ +s ] +s (15)

whereo is the measured rms error of
the pseudorange, which has a zero
mean, while o,, o,, and o, are the
measured rms errors of the user

position in the xyz directions. s ,
S\, ands , are measured rms errors

of the user position in the ENU
directions. The smallest PDOP value
means the best satellite geometry for
cadculating user position. As a
general rule, PDOP values larger
than 5 are considered poor [8].

8. Results and Conclusions:

The objective of the present
work is to build a navigation agorithm
to initiate the congtruction of the GPS
receiver with 4 and 5 satellites.

Fig.(4) and Fig.(5) show the
SPP error using both RLS and GA
methods. One can conclude from
these figures that increasing the
number of satellites (4 to 5) for each
strategy ~ would  decrease  the

positioning error to a large extent.
Furthermore, it is clear from these
figures that the GA method would
enhance the positioning accuracy
more than that produced from its
counterpart RLS method.

In Fig.(6) and Fig.(7) , the
SPP method has been replaced by an
RPP one. Again, increasing the
number of satellites (4 to 5) would
improve the accuracy of the GPS
system for both RLS method and GA
method. It is clear from Fig.(4) to
Fig.(7) that the RPP method gives
better results ( less PDOP) than that
with SPP method. The special case of
3 satellites has been simulated using
GA with SPP and RPP methods. As
shown from Fig.(8), the position error
has been much decreased with RPP
than with SPP method. The error
response of GA method with SPP and
RPP ae shown in Fig.(9). Error

minimization occurs a  second
generations.
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Figure (1) The GPS Vector Position.
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