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RESULTS OF FIELD STRENGTH MEASUREMENTS
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Features of localization in city conditions

Determination of a particular site (localization) of a radio signal transmitter by a mobile monitoring
station (MMS) equipped by a direction-finder (DF) is not a trivial task in city conditions as in these
conditions a radio signal received by a MMS always is a composition of many casual components
produced by reflection from local objects such as: relief irregularities, constructions from different
building materials, electric mains, cars and other objects, and also by a diffraction. As these
components have casual amplitudes and phases the resulting field strength also casually varies.
Under a movement of a MMS a fringe pattern appears when the level of a received signal varies
against some average value. The task becomes additionally complicated also due to the fact that in
the majority of cases in city conditions there is no direct visibility between a MMS and a signal
transmitter to be detected.

Thus, a localization of a signal transmitter in city conditions faces serious difficulties caused by
multi-beam propagation of a signal and possible absence of the direct visibility, therefore obtaining
of a reliable estimation of the transmitter coordinates is impossible without application of statistical
processing methods in the application to direction-finding (DF) results [1].

In a stand alone MMS some methods are used for localization of signal transmitters:

. homing;

. semi-stationary method,

. a method of calculation of a signal transmitter coordinates while the MMS is in the
movement.

In addition, the combined procedure is possible when two or three listed methods are used.

Homing is based on a movement of a mobile MMS in a zone of a signal transmitter disposition in a
direction of a DF bearing. With reduction of distance to the transmitter the amplitude of the bearing
signal increases that is an additional indication that the MMS is moving in the right direction.


http://www.multitran.ru/c/m.exe?t=2159512_1_2&ifp=1

For homing, the single-channel DF regime is usually used. A typical display window of the
equipment control software [1] working in a single-channel DF regime is shown in Figure 1. It
contains the graph of the amplitude history (located at the left top corner of Figure 1) and the graph
of the bearing history (located in the middle). Both history graphs have the common time ordinate.
Abscissa of the amplitude history is the level of the DF signal in decibels, and abscissa of bearing
history is the angle of bearings in degrees.

FIGURE 1
A window of the program in a mode «Bearing»
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The history graphs allow tracking in time the change of signal amplitude and bearing. In addition,
the circular limb at the right top of the window simultaneously indicates instantaneous bearing
values and the curve of the bearing direction distribution density (the bearing histogram) whose
maximum corresponds to the most probable bearing direction of arrival. Change of direction of the
bearing distribution curve maximum is reflected on the bearing history graph. In conditions of
strong interferences, the angular value of a maximum shows a preferable direction of the MMS
movement.

The history graphs of amplitudes and bearings in Figure 1 provide very useful information for real
time homing. In this example, general increasing of the signal amplitude from -50 dBmV up to
-30 dBmV and bearing values in the beginning of the graphs confirm that during this period (from
14.07.45 to about 14.08.45 at Figure 1) the MMS moved closer to the signal transmitter. Then
(from about 14.08.45 at Figure 1) the signal transmitter becomes situated left of the MMS because
bearings have systematically shifted to the left and the signal amplitudes start to systematically
decrease. Now, for locating the signal transmitter, the MMS should turn 180 degrees, return back
and search for the transmitter at the right side of the station.



Advantages of homing with amplitude and bearing history graphs include increased reliability,
shorter searching time, and reduction of influence of errors caused by surrounding objects because
the MMS is in continuous movement, and the most probable direction to the signal transmitter is
determined by a statistical processing of continuously obtained bearing data.

As the disadvantage, it can be mentioned that under the homing a transmitter should emit time to
time; there is also the possibility of loosing search secrecy because the MMS should approach the
signal transmitter on a short distance.

Quasi-stationary method is based on obtaining several separate DF bearings from several fixed
positions which are on significant distance from a signal transmitter as it is shown in Figure 2.

FIGURE 2
Quasi-stationary method of a signal transmitter location determination

In this method the sitting of the MMS is preferably selected at the distance from sources of regular
interferences — high buildings, electric mains, tram ways, metal fencings and similar objects. Itis
expedient that the MMS is situated at a dominating height.

The mode of bearings accumulation is preferable to use for creation of bearing distribution
histograms. Based on one or several maxima of the bearing histogram, the most probable bearing
directions are laid on a map. Then the MMS moves to the next position and the same procedure is
repeated. By results of bearing lying on the map from several stationary positions calculation of the
most probable transmitter location can be performed.

Quasi-stationary method assumes that telescopic or separately installed higher DF antenna system is
used which has greater sensitivity and DF accuracy in comparison with an antenna situated on a
roof of a MMS and, therefore, provides greater coverage area.



Advantages of the quasi-stationary method is the obviousness of obtained results and the
opportunity of making DF on a significant distance from a transmitter that facilitates secrecy of DF
operations. Disadvantages of the method are the necessity of choosing “good” positions for making
DF and significant expenses of time related to unfolding of telescopic or separate higher antenna
systems as well as risks of reception erroneous bearings due to influence of surrounding city
objects.

For effective application of the method it is expedient to have advanced choice of suitable sites in
the region under consideration for making DF and to determine in advance the best routes of fast
moving of the MMS from one position to another.

The method of calculation of a transmitter coordinates in movement is based on continuous DF
operation during a MMS movement along a route; all bearing samples from the beginning of the
session are used for calculation of a transmitter location. During the session, in the process of
bearing samples accumulation the transmitter location is recurrently specified. A route of a MMS
movement can be arbitrary and lay far from of the sought transmitter.

The method of calculation of a transmitter coordinates in movement demands use of statistical
processing algorithms because during movement along a route, especially far from the sought
transmitter, only the small part of bearing samples will correspond to the true direction on the
transmitter.

In all algorithms of transmitter coordinate calculations the MMS, being in the movement, is
considered as a multiple-position system with serial processing of signals received from points that
put together the route of the MMS movement. Determination of transmitter coordinates is carried
out by space-time processing of bearing samples or results of received signal amplitude
measurements.

Initial data for calculations are:

. bearing samples 67n obtained under taking into account azimuth of the DF,

. MMS coordinates at the moment of the DF signal reception Z_ = X+ j-Y, where
n=0,...,N —1 - the number of reception point.

The arch M designates an estimation of the measured value; the point above the character indicates
a complex value.

Algorithms of transmitter coordinate calculations

Let’s analyze several statistical algorithms of transmitter coordinate calculation suitable for use in a
stand alone MMS limiting ourselves by consideration of three algorithms based on the maximum-
likelihood criterion [2, 5, 6]:

. Algorithm of the maximum likelihood.
. Amplitude algorithm.
. Amplitude-goniometric algorithm.

The algorithm of the maximum likelihood is based on the presentation of an ensemble of not
correlated bearing samples by the multivariate normal probability density function:
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Where o/ - dispersion of bearing samples in the ensemble, depending on a DF instrumental error,
signal-to-noise ratio, radio wave propagation conditions, etc.;

Hn ensemble of bearing samples,

¢,(x,¥) - unknown true bearing value for the n-th MMS position.

The estimation of a transmitter coordinates corresponds to coordinates of the maximum of the
likelihood function, that coinsides with (1), or a minimum of dispersion estimation:
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where arg(c) designates operation of calculation of function C arguments values.

The considered algorithm can be implemented as a consecutive iterative calculation procedure of
the transmitter coordinates in the process of bearings taking.

Lack of the algorithm is the fact that its cannot calculate the transmitter coordinate in the case when
the MMS moves straight in directions to or from the transmitter because in this case all bearings lay
down on one line or intersect at very sharp angles.

The amplitude algorithm is based on the determination of field amplitudes versus to distance up to
the transmitter. Input data are: field amplitude samples and MMS coordinates at the moment of

reception. In the assumption that complex amplitude samples of a signal §n are not correlated, they
can be expressed by the multivariate normal probability density function:
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where:
o?- dispersion of the noise in the reception channel,
@, - aninitial phase of the signal,
U - energy parameter,
r(x,y)= a distance from the transmitter up to the n-th reception point.




Dependence of a field strength amplitude in the reception point from a spatial position of the
transmitter is determined in this case by the propagation parameter conditions. This dependence
can be more complex taking into account of a terrain relief, density of buildings etc. The energy
parameter 4 is determined by the transmitter power, transmitter and DF antenna heights, signal
wavelength etc. Having executed maximization of the likelihood function, that coincides with (3),
against unknown parameters g and ¢, , we come to expression:
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In the software realization of the amplitude algorithm it is expedient to consider also dependences
of a field strength on a terrain relief, city buildings, large forests, and also reflections of signals
from blocks of buildings.

As an example, Figure 3 demonstrates the signal equipotential surface obtained during the
transmitter localization. The white circle corresponds to the calculated point; tags indicate
measurement points and relevant signal levels that were used for calculation of the transmitter
coordinates.

FIGURE 3

The signal equipotential surface and the calculated point in
accordance with the amplitude algorithm




Availability of a measuring receiver and a navigating equipment is enough for implementation of
the amplitude algorithm and DF as such is not required, that in some cases appears preferable by the
criterion of cost of the equipment.

It is obvious, that under using of the amplitude algorithm it is necessary to choose such the route of
the MMS movement that leads to the explicit changes in the signal amplitude.

The disadvantage of the amplitude algorithm is its low sensitivity, i.e. impossibility of operate with
low signal-to-noise ratios because in this case it is not possible to accurately measure the signal
amplitude.

The amplitude-goniometric algorithm is based on a complex use of the information concerning
the signal amplitude and its bearings. Actually, the amplitude-goniometric algorithm combines the
amplitude and the maximum likelihood algorithms. The procedure of coordinate estimation in the
course of independent measurements consists in minimization of the following product:
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Accounting of the ensemble of bearing and amplitude values, that are dependent on the transmitter
coordinates in (5), provides reduction of time of the transmitter localization. In addition, this
algorithm provides coordinate estimations under the MMS movement straight to the transmitter that
is impossible by using the maximum likelihood algorithm.

At software realization of the amplitude-goniometric algorithm it is expedient to display at the
cartographical background the likelihood function which shows the zone of the most probable
location of the transmitter. Figure 4 shows display of the likelihood function for the amplitude-
goniometric algorithm for several points of the MMS movement along the route indicated by the
yellow line. In the process of data accumulation the zone of the most probable transmitter location
IS narrowed, i.e. its coordinates become more and more accurate.

Therefore, the amplitude-goniometric algorithm is well going with homing operation of the MMS,
and at the same time the zone of the most probable location of the transmitter is clearly displayed at
the map that provides great assistance to the MMS operator in choosing an optimal direction of the
MMS movement.



FIGURE 4
Graphical display of the likelihood function for the amplitude-goniometric algorithm
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Conditions of carrying out actual tests

Two routes have been chosen for the actual tests, each of about 4 km in length, in city and country
conditions. Routes of movement are shown in Figures 5 and 6 by yellow dotted lines. Black
geometrical figures in Figure 5 are building blocks; wood zones are presented by the green color.
Transmitter locations are marked by white daggers. The beginnings of routes (points A) were on
the minimal distances from relevant transmitters. The MMS moved clockwise along ring-shaped

lines from points A to a points K.

FIGURE 5 FIGURE 6

Arroute in a city zone Aroute in a country zone




A low-power test generator with a pin antenna and a power not exceeding 30 mW was used as a
signal transmitter. It was programmed for operation at two radio amateur frequencies of 145 and
434 MHz. Type of the emission was unmodulated carrier. In the city zone the transmitter was
situated in a ground floor of a multi-storey building, and in a country zone it was put directly on the
ground.

For the route in the city zone presence of blocks with multi-storey buildings was typical.
Practically, throughout the whole route there was no direct visibility (a direct passing of radio
waves from the transmitter to the MMS). At the same time the country route ran almost in the open
space, there were only a few wood strips shown in Figure 6 by the green color.

For both routes speed of the car movement was not more than 40 km/hours. During the MMS
movement DF bearings were taken and measurements of the signal amplitudes were performed.
Obtained measured values together with MMS coordinates and its azimuths were saved in a
database.

For carrying out the tests, the MMS on the basis of a minibus was used. It was equipped a
measuring receiver and by a correlative interferometry DF with the easily removable antenna
system installed on a roof. DF instrumental accuracy at the frequencies chosen for the tests was not
worse than 2 degrees.

Test results

Obtained results were used for estimation of the bearing error probability P(5 < A) i.e. the
probability that the error of measured bearing & will be less than particular pre-set value A. The
bearing errors were calculated as 6 = |oct —a|, where «, - atrue bearing values calculated on the

basis of known MMS and the transmitter coordinates and « - measured bearing values.
Results of the estimation are presented in Figure 7. Dependences 1 and 2 correspond to the country

zone, 3 and 4 - to the city zone. Curves 1 and 3 correspond to the frequency of 434 MHz,
curves 2 and 4 - to the frequency of 145 MHz.



FIGURE 7
Estimation of bearing error probability
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From Figure 7 it can be concluded that the probability of a bearing taking with an error smaller than
10 degree in the country zone is about 0.2 and in the city zone is about only 0.1. For errors smaller
than 20 degree these probability figures are 0.4 and 0.2 accordingly. In the city zone deterioration
of the bearing accuracy on higher frequency is observed. It can be assumed that the main influence
on the bearing accuracy is due to radio wave interference caused by their multi-beam propagation
that is more distinctive in the city conditions because in cities there are more various discontinuities.
Therefore, in the country conditions error probabilities are considerable smaller that in the city
conditions.

Figure 8 shows dependencies of received signal amplitudes at the measuring receiver input (in
decibels according to microvolt) versus to the MMS positions on the route. Curves notations are
the same as in Figure 7.

As it follows from the Figure 8, these dependences demonstrate fast fluctuations around rather
slowly varying average values. Range of pulsations in separate points exceeds 10 dB. In the
beginning of the route (point A), when the MMS was on the minimal distance from the transmitter,
amplitudes of signals in the city and in the country zones were comparable, however further, in the
process of the MMS movement along the route, stronger attenuation of the signal in the city zone
was observed.
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FIGURE 8
Dependences of radio signal amplitudes versus to the MMS position on the route

The curves presented in Figures 7 and 8 confirm that location of a transmitter by a stand-alone
MMS station requires use of calculation algorithms.

Errors of transmitter location estimations by the considered statistical algorithms were compared.
Methodology of the comparison is described in [6].

Table 1 shows calculated errors of transmitter location estimations expressed in meters and
averaged for full routes ABCDEFGHK in the city and the country zones for each calculation
algorithm indicated in the left column, and for frequencies of 146 MHz and 434 MHz. In the
extreme right column of the Table overall average value of errors for each algorithm is given. All
error values in the first four columns are averaged up to 10 m and in the fifth column up to 1 m.

Average value of an error, smaller than 50 m, shows the amplitude-goniometric algorithm, the
greatest average value of an error equals to 100 m appears with the amplitude algorithm when a
terrain relief is not taken into account. The account of a relief in the amplitude algorithm has led to
reduction of a location error almost on one third. Average value of a location error in a city zone,
calculated according to Table 1, is 78 m and in a country zone 65 m.
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TABLE 1
Calculated averaged location error values

Average location error, m Overall
. . . average
Coordinate calculation algorithm 146 MHz 434 MHz location
City | Country | City | Country error
Maximum likelihood algorithm 90 60 50 40 60
Amplitude algorithm without taking into 140 50 90 120 100
account a terrain relief
Amplitude algorithm with taking into account 100 40 50 120 78
a terrain relief
Amplitude-goniometric algorithm 30 30 70 60 48

The results presented in Table 1 confirm that all three algorithms have accuracy of the signal
transmitter location comprehensible to practice. Therefore, for a choice of the preferable algorithm
it is necessary to consider additional factors.

Recommendations on use of methods and algorithms of DF in actual operating conditions
of MMS

The practice shows that if the MMS includes high-speed radio equipment, the navigating equipment
and the corresponding software, the combined method of a signal transmitter search is more often
used that combines homing and DF during the movement. At such combination there is a
continuous reception of radio signals that is important for DF of periodic or short-term
transmissions. In addition, it provides an opportunity to use a multi-channel DF for determination
of coordinates of several signal transmitters simultaneously and to provide security of DF
operations because in this case the MMS moves in a common city traffic stream.

The maximum likelihood algorithm in application to a stand-alone MMS cannot calculate a signal
transmitter coordinates under using of homing; therefore it is expedient to use the amplitude-
goniometric algorithm working simultaneously with bearing and field strength level data. The
additional reason in favor of the amplitude-goniometric algorithm is the fact that its operation is
accompanied by a vivid display at a map of a zone that corresponds to the most probable position of
a signal transmitter.

If the MMS is equipped only by a measuring receiver it is possible to use only amplitude algorithm
which provides comprehensible accuracy at presence of a digital map giving terrain relief and
blocks of buildings. Limitation of the amplitude algorithm is its low sensitivity and impossibility of
operation at low signal-to-noise ratios.

For the MMS equipped by the DF, the algorithms based on processing of obtained bearings are
applied. In comparison with the amplitude algorithm they provide greater accuracy of a signal
transmitter coordinate determination spending shorter time. They also provide possibility of
calculation of a signal transmitter coordinates under low signal-to-noise ratios and in situations
when the signal transmitter is working in a short-term regime.
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Therefore, for the stand-alone MMS equipped by FD and field strengths measurement capabilities,
it is preferable to use the amplitude-goniometric algorithm. If the MMS does not equipped by field
strength measurement facilities, the maximum likelihood algorithm is suitable. And, at last, if the
MMS is equipped by only a measuring receiver only the amplitude algorithm can be used for the
signal transmitter localization.
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