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It is well established that 3-dimensional position error in position fix through GPS network
should increase with PDOP value provided the range error estimates remain constant. To study this
aspect an elaborate experimental observation was carried out for one complete year. These data
have been systematically analysed. It has been seen that for maximum percentage of time optimum
PDOP values lie between 2 and 4. Study on the variations of 3-dimensional position errors on
PDOP reveals that position errors increase proportionately up to the value of· 6. Aftelwards the
change of position errors with PDOP is almost random in nature. Possibly beyond this value of
PDOP, the position errors are governed by some other factors.

1 Introduction
Global Positioning System (GPS) is a satellite

based radio positioning system. It is now being
used worldwide. To find out three position coor
dinates and time (i.e. 4 parameters), it is necessary
to receive signals from four satellites simultane
ously. GPS constellation is now full with 21 satel
lites with 3 active spare satellites in orbit. So
needed 4 satellites for position fix are always
available worldwide. The geometrical configura
tion of navigating satellites also plays a vital role
in the accuracy of GPS positioning. The effect of
geometry of the satellites is mathematically ex
pressed by Geometrical Dilution of Precision
(GDOP). Effect of the geometry of the navigating
satellites on various parameters are normally
quantified by the terms PDOP, TDOP, HDOP
and VDOP respectively for 3-dimensional posi
tion, time, horizontal (2-dimensional) position and
vertical position errors. Mathematical treatments
on this aspect have been reported in literaturel-3•
We have experimentally studied the effect of
PDOP on position error for a long period. In this
paper some interesting observations on this aspect
have been elaborated based on a detailed analysis
of these data.

2 Background
The geometrical configuration of navigating sa

tellites is dependent on the position of the receiv
er and it changes with time due to the relative
motion of satellites. It has been well established 1,

that the amount of the ranging error combined

with the geometry of the four selected satellites
decides the magnitude of the user position error
in GPS navigation fix. Position Dilution of Preci
sion (PDOP) refers to the geometric configuration
of satellites concerning 3-dimensional position fix.
This PDOP is related to 3-dimensional position
error by

3D error in position 1a
= (PDOP) x (user to satellites range error 1a)

... (1)

It is dear from Eq. (1) that minimum value of
PDOP is desirable for best position fixing. The
GPS constellation being full, any time more than
four satellites are visible everywhere. So it is ne
cessary to select the best set of four satellites giv
ing minimum PDOP. Modern GPS receivers de
termine the relative positions of all visible satel
lites and find out PDOP for all combinations of 4
satellites. For navigation fix, it selects the set of 4
satellites with minimum PDOP.

To study the impact of PDOP on position er
ror, it is absolutely necessary to know the precise
coordinates of the location where the study is to
be carried out. GPS can give position accuracy of
the order of 100 m. So to have a check on the
position accuracy one has to know the location to
the order of a few tens of metres. The position
given by GPS receiver is in WGS-84 (height, lati
tude and longitude). To find out the shift of posi
tion given by GPS from the correct position one
may normally have to use elaborate formulation.
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But in this application the error is not supposed
to exceed a few hundreds of metres. It implies
that error in latitude and longitude would be
about a fraction of second of angle. So to simplify
the calculation without sacrificing the required ac-
curacy, the position error (PE) may be defined as

PE= J~h2+(~Ln x Rx COSL,)2+(~L, x Rf
... (2)

where

L, Nominal value of latitude of the place
~h Departure of height from known height in

metres

~LIl Departure oflongitude (in minute of angle)
from the known longitude

f~L, Departure of latitude (in minute of angle)
from the known latitude

R 1852 m/minute of angle

The above formulation assumes that 1 minute of
earth curvature is equivalent to 1852 m.

3 Morphology of data
GPS signals have.been monitored over one com-

plete calendar year at NPL, New Delhi, through

an 8-channel geodetic GPS receiver. The data
have been recorded at 10 s sampling rate follow-
ing a fixed schedule on every Wednesday.
PDOP of optimally selected 4 satellites as given

by the receiver used and the corresponding posi-
tion coordinates as navigation solution has been
recorded regularly during the campaign. The data
recorded at NPL for one complete year have
been analysed to find out the behaviour of PDOP
and its impact on position error. To find the posi-
tion error of the antenna location at NPL based
on the relation given by Eq. (2), the actual posi-
tion of the NPL antenna has been found out. This
has .been achieved by averaging the position
coordinates (generated by GPS receiver itself)
over a huge number of data samples recorded
over a year. The coordinates thus obtained may
be fairly accurate as the averaging has smoothed
out random fluctuations. Thus the Selective Avail-
ability (SA) effect (Ref. 4) has also been signifi-
cantly diluted as the averaging is over a large
number (106) of samples and over a large span of
time (1 year). The coordinates thus obtained have
been used to calculate the position error for each
sample of data using Eq. (2).
A large fraction of total data has been plotted

in Fig. 1 to show the variation of position error
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Fig. 1- Variation of position error with PDOP at NPL, New Delhi.
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Fig. 2-Percentages of occurrence of optimum PDOP values.
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with PDOP. Because of overlapping of data, the
figure does not clearly depict the nature of de
pendence of position error of PDOP.

For the convenience of this study, the data have
been grouped into sets of PDOP values. For ex
ample, one group has been formed with data hav
ing PDOP values greater than 1 and less than or
equal to 2. Similarly, the next group comprises
data with PDOP values greater than 2 and less
than or equal to 3, and so on. Nine such groups
have been formed for PDOP values up to 10.

The percentage of occurrence of PDOP values
in different groups has been calculated. To do so,
the number of samples in each group has been
counted against the total number of samples
(58,746) to find out the percentage of occurrence.
These data correspond to a large span of time for
a particular location. The percentage of data may
be considered to correspond to the maximum va
lue of the respective PDOP group without loss of
generality, and it has been illustrated in Fig. 2. In
the graph the higher limits of the respective
groups of PDOP values have been used as the
corresponding data points. It is seen that most of
the time (i.e. - 67%) PDOP lies between 2 and 3.
Though the GPS constellation is full during the
observation period, for a significant time (more
than 20%) PDOP is found to lie between 3 and 4.
Probability of PDOP lying below 2 and above 6 is
very low.

The error in position fixing has been calculated

for each sample. These errors have also been
grouped into similar categories of PDOP sets as
explained in Fig. 2. Samples of each month have
been separated out. The average of the position
error for each group of PDOP values has been
separately calculated out. Jitter (standard devia
tion of three-dimensional position error) of each
set of position error over the average value has
also been found· out. The data sets thus generated
for each mOllth separately have been illustrated in
Figs 3 and 4. Apparently up to the' PDOP value
of 4, there is a proportional increase of position
error with the increase of PDOP value. Within
this limit, the absolute values of average and jitter
remain mostly within some tolerable range of
100 m. Keeping Eq. (1) in mind, this apparently
show s that"possibly range error:remains fairly;'con
stant over this region. But interestingly, the nature
of variation of position error beyond the value of
PDOP greater than 4 is different. It may also be
likely that when PDOP value exceeds 4 or so, the
position errors are not governed by Eq. (1) but
some other parameters that have not been consid
ered in Eq. (1) but they become important to be
considered. Figures 3 and 4 have been repro
duced in Fig. 5 by working out the grand average
of all data. This illustrates the similar nature of

variation except that the proportional increase of
position error extends to PDOP value of 6. Inter
estingly, the position error sometimes decreases at
the value of PDOP greater than 6.
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Fig. 3-·Yariation of average position error with POOP.
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Fig. 4-Jitter an average position errors for different PDOP values, Jitter deteriorates proportionally up to the PDOP value of
4. Beyond this value, the nature is random. Data for each month has been plotted separately.
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Fig, 5-Dependence of position errors (both average and jitter) on PDOP, Position errors proportionally increase
with PDOP up to the value of 6, beyond this value of PDOP the position errors do not change consistently. This

plot includes all data taken over one year.
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4 Concluding remarks
The year long observation of GPS signal reveals

some interesting aspects which otherwise have not
been anticipated. The PDOP values mostly re
main between 2 and 4 with full GPS constellation.

The position error does increase with the in
crease of POOP value as expected but up to a
certain value of POOP (say 6). Beyond this POOP
value, the position error does not increase pro
portionately, rather the nature of change is ran
dom.
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