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ABSTRACT

GPS signals are of time-spatial nature. And they siuld be modeled as such in the
algorithms for establishing navigational measuremets. Therefore, they should be
treated as stochastic processes. This article predgs the results of testing the correlation
properties of GPS/DGPS signals. Several measuremesdries were carried out to obtain
position co-ordinates at various times and in varios points as well as synchronous
measurements of two GPS/DGPS receivers. The testisnad at identifying the function
of auto-correlation betweeng and A co-ordinates and the function of intercorrelation
between ¢ and A coordinates. As it turns out, these measurementsrea significantly
correlated, and the mean time of correlation is whin the range of a couple or more
minutes.

INTRODUCTION

Navigation can be defined as a process of vessehdoct along a track (trajectory)
pursuant to the passage planning and to the taskselng performed which are connevted
with economical, time, geometrical, hydrometeorolagal and other constraints. The
process can be further divided into certain sub-proesses. These are as follows:

» gathering and processing information,

* navigational planning,

» determining ship’s position and speed vector,

* monitoring ship location in relation to dangers tonavigation,

* decision making,

» steering the ship.

Navigation is closely related to the measurementd the parameters which determine
the location of the vessel (position coordinates}s speed vector (the components of that
vector in relation to the course made good and makg way), acceleration components,
angles of hull orientation (inertial navigation sysems) and other parameters. Those
parameters have, in principle, a random character @ they are to be modeled as random
processes. And because navigation lends itself also time parameters, it can be
assumed that the results of parameter measurementsre stochastic processes
(in broader terms, a multidimensional stochastic pocess) [2], [3], [6]. It also concerns
the measurement of position coordinates by means ofGPS/DGPS receivers.
The results of tests refer to the correlation fungbns of the coordinates determined by
means of GPS/DGPS receivers in static conditions.
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1. COVARIANCE AND CORRELATION FUNCTIONS OF THE
STOCHASTIC PROCESS

The covariance functionX of the stochastic (random) process is called thariction P
which, for each established pair of valued;, t, O T (T — time), is expressed by the
following formula:

P(t.t,) = Efx(t,) - Xt dxct,) - Xt )"} (1)

where: X —a mean value of the stochastic process.
The correlation function is called the standardizedcovariance function which is
determined by this relation:

P(t,.t,)

Rt = st

(@)

where: s — standard deviation of the stochastic process.
Estimators of the correlation function for n of given values of the set; (i = 1, 2, ... n) of
the stationary stochastic procesg implementation is derived from the formula [2], [4]

R =13 (x =% X, - ), ©

wherer =0, 1, 2, ... n — 1 — number of delays;Xx — mean value of the stochastic process
X.

The correlation function calculated for the same sichastic process is called the
autocorrelation function, and the mutual correlation function (between various

stochastic processes) is called the intercorrelatiofunction [4] whose estimator is

determined by the relation:

n

R =25 (% =) Ty =9). @

2. PERFORMANCE OF THE TESTS

In order to determine the correlation functions of the position coordinates

measurements in GPS/DGPS system, a few sessionsnesurement series was carried
out. All the observations were carried out in a Matime University of Szczecin

laboratory (Fig.1), while the receiver antennas wer placed on a special antenna
platform wide apart from other sources of electromgnetic radiation. The tests were
performed by means of two receivers of MiniMax CSIWIRELESS make. The

measurements were carried out in two measurement pas: on 22 November 2007 —
GPS measurements (synchronous in both points); on62November 2007 DGPS
measurements (also synchronous in both points). Allhe measurement series were
recorded in one second intervals, at different time of the day. The data were recorded
in the NMEA-0183 format.
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Fig. 1. Measurement station in the Maritime Univergy of Szczecin

3. MEASUREMENT RESULTS ANALYSIS

Measurement results are shown in Figures 2 — 7. Theare graphs of the autocorrelation

functions of the latitude (@) and longitude @) and the intercorrelation functions

between those coordinates as well as the intercolagion functions between the antenna
points 5 and 6 (for GPS and DGPS).

Figure 2 illustrates a pattern of the autocorrelaton function of the latitude and

longitude and the intercorrelations between the cadinates determined by means of the
GPS. The measurement series shown in the graph werarried out in the antenna point

number 5.
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Fig. 2. GPS intercorrelation and autocorrelation functions — antenna point 5

Figure 3 shows the same functions for the measuremis in point 6. A prominent

autocorrelation of the same coordinate can be seem both diagrams, although in point

5 strong interferences of higher frequencies occuin this case, the time of correlation is
within the range of 15 — 25 minutes, whereas the celation between the coordinates is
much weaker, but significant.
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Fig. 3. GPS intercorrelation and autocorrelation functions — antenna point 6

Figure 4 shows correlations between GPS coordinatesn various points of
measurement. The correlation between the longitudedetermined by the GPS is weak
(ca. 20 — 30%).
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Fig. 4. GPS intercorrelation functions between thantenna points 5 and 6

The latitudes show strong negative correlation, anthe time of the correlation is within
the range of 25 minutes. The longitude of the poinb is weakly correlated with the
latitude of point 6, whereas point 6 longitude is gite relevantly correlated with the
point 5 latitude, in a short span of time.
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Figures 5-7 show correlation functions determined dr the DGPS (in identical
measurement conditions). In Figure 5 the results ferring to point 5 have been shown,
and in Figure 6 — those referring to point 6. In caparison to the GPS, the signals are
less correlated (time of correlation within the ramge of 5 — 10 minutes). Probably, the
corrections of pseudo-ranges partly “de-correlate’the signals. Figure 7, in turn, shows
that the coordinates of various points determined ¥ DGPS are weakly correlated
(correlation from — 20% to 30%).

0s

06

0.4

0.2

0.2

04

Fig. 5. DGPS intercorrelation and autocorrelation tinctions — antenna point 5
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Fig. 6. DGPS intercorrelation and autocorrelation tinctions — antenna point 6
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Fig. 7. DGPS intercorrelation functions between arm@nna point 5 and 6

CONCLUSIONS

The analysis measurements results, as illustratead iFigures 2-7, lead to the following
conclusions:

1.

The measurements of GPS position coordinates arerengly correlated — the time of
correlation of a single coordinate is within the ramge of 25 minutes (a drop of
correlation function value below 0.5), whereas amanthe coordinates, the values of
the intercorrelation functions range from —0.4 to 04.

. Between GPS synchronous measurements in two differepoints the correlation is

much weaker, insignificant between some coordinaté€e.g. between longitudes).
The coordinates correlation determined by means dDGPS is much weaker than by
means of GPS (time of correlation is about 10 mines).

In DGPS measurements a weaker correlation occurs been various points than in
case of GPS. This fact should be accounted for whedesigning synchronous
observations on the ship using two or more GPS/DGP®ceivers (INS — Integrated
Navigation System, ECDIS — Electronic Chart Displayand Information System).
Considerable discrepancies have been noted in thealues and the nature of
autocorrelation and intercorrelation functions in various measurement points
located within a small distance (of a few meters rage). This refers to the
measurements by both GPS and DGPS (the comparisom correlation functions of
the same point for GPS and DGPS). It is only but @artial explanation of this fact
that there exist differences in the configuration 6 the satellites received. It only
proves that measurements of different receivers alaod the ship can have different
static characteristics, and even more so, measurents from different ships and
VTS centers (resulting in differences as to the codinates received from AlS).

The correlation functions can be applied for measwment predictions in
measurement filtration algorithms.



-47 -

BIBLIOGRAPHY

Banachowicz A., (1992) Microcomputer Software Used for Examining Statistical

Characteristics of Navigational Measurements, Zeszyty Naukowe Akademii Marynarki

Wojennej nr 1, Gdynia. (in Polish)

Banachowicz A., (19928tudies on Statistical Characteristics of Navigational Measurements,

Zeszyty Naukowe Akademii Marynarki Wojennej nr 2, Gdynia. (in Polish)

Banachowicz A., Bober R., Wolski A., Banachowicz G(2005)Statistical Research into GPS

and DGPS Measurements in West Pomerania in the Years 1996-2004, Reports on Geodesy

No. 2 (73), Warszawa.

. Bendat J.S., Pierdol A.G., (1971Random Data: Analysis and Measurement Procedures, John
Wiley & Sons, Inc., New York.

Plucinska A., Pluciski E., (1979) Elementy probabilistyki, Paistwowe Wydawnictwo

Naukowe, Warszawa.

Rivkin S.S., Ivanovskij R.I., Kostrov A.V., (1976)Statisti¢eskaja optimizacija navigacionnych

sistem, “Sudostroenije”, Leningrad.






