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Abstract: In the design phase for wireless communication ser- the rotation of the antennas was selected, based on the antenna
vices the only support regarding noise is the ITU-R recommen- lobe of 120°. Twenty frequencies, not allocated to transmit-
dations. These recommendations are intended for analogue sys- ters, logarithmically distributed over the frequency range were
tems and are based on 20 to 30 year-old measurements. Further-chosen. We made measurements on two bandwidths, 10 kHz
more, the ITU-R recommendations presume the use of Gaus- and 120 kHz. Most of the results in this paper are based on the
sian noise characteristics and an omnidirectional antenna. Thus, measurements with a bandwidth of 120 kHz. Three different
there is an increased need to investigate the validity of these as- measurement sites were chosen. Site one is located in a rural
sumptions regarding the levels, distribution and dependence of area outside Linkdping, site two in a suburban area north-west
direction. As a first step to increase the knowledge of man-made of Stockholm and site three in a residential area two kilometers
noise with respect to digital communication systems, a series of from the city center. An rms detector in the receiver gave us the
measurements was carried out. The result showed that the lev- noise level in dB\V. This was then converted to antenna noise
els are within the range of the ITU-R recommendations. We factor F,,,, referred to as noise value, or value. The ITU-R
also found that there is a large dependence on direction. The noise levels are referenced to a vertical short monopole. To
assumption that the noise has Gaussian distribution is not valid make our measured levels comparable we adjust them for the

for all environmental categories. differences in antenna characteristics. This was done in the fol-
. lowing way. Consider the incoming intensities from a number
1 Introduction of emittersSy, Sa, ..., Sn. If the antenna sweeps continuously

Military tasks, such as peacekeeping operations, involve co- around the horizon, 0 t860°, the average value of the signal
operation with civilian society and are dependent on wireless power from the logperiodic antenna will be:
communication services. Major restrictions on the perform-

ance of such systems are caused by man-made noise. In the 2 /& 1 (27 T 2
design phase for these systems the only support regarding noise  (F51e) = ¢nDie-— < Sz‘> o / E (57 @) ‘ dp,
is the ITU-R recommendations [1]. These recommendations =1 0 1
are intended for analogue systems and are based on 20 to 30 @
year-old measurements. Furthermore, the ITU-R recommenda- where:

tions presume the use of Gaussian noise characteristics and an

omnidirectional antenna. In many cases the noise characteris- ¢ = Mismatch loss

tics are of vital importance for modern digital communication .

systems. Moreover, future systems will also include advanced 1 = Effeciency

antennas, making the spatial distribution of the noise interest- D.p = Max. directivity of the logperiodic dipole
ing. Thus, there is an increased need to investigate the validity F(6,¢) = Normalised directivity

of the fundamental assumptions concerning man-made noise
levels, distribution and dependence of direction in the ITU-R  From a lossless short monopole (gain = 3) we would get:
recommendations.
As a first step to increase the knowledge of man-made noise Py
with respect to digital communication systems, a series of mea- Pewp =3 - in <Z Si> : 2
surements was carried out. This paper presents a summary of =t
the results from 1999. So far, measurements were made at three From this we can calculate the antenna noise factor
sites in Sweden, representing rural, suburban and residential

environments. The noise at each site was measured for two fu= Pswp _ 3 (PsLp) 3)
months with a specially designed measurement system. “" kTB anLP% f02rr }F (%7 80) |2 dp KTB '
2 Methodology We measured the gain of the logperiodic dipole as a function

The system was designed to measure noise levels, dependenceof the azimuthp. The radiation diagrams are of similar form
of direction and to analyse the amplitude distribution in the fre-  for the frequencies above 40 MHz with a main lol#)° wide
guency range 30 — 2000 MHz. Furthermore, the effects of band- and a front to back ratio of about 10 dB. The integral in the
width and polarisation were investigated. Calibrated logperi- denominator was calculated from these data, which gives the
odic antennas and calibrated measurement receivers were usedadjustment factor shown in Figure 1. The bandwidth adjustment
to guarantee for the measured levels. An increme®0offor was done using the data from the receiver handbook. At the
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Figure 1: Adjustment factor for the logperiodic antenna.

receiver video outpulims andVayg were measured. From these
the ratio [2]

Vims

avg

Vi = 20log

(4)

was calculated. The paramef€y provided a measure of the
impulsive nature of the noise. We have chosen to call this
parameter the impulsiveness ratio. If both the in-phase (l)

and quadrature-phase (Q) components are Gaussian distributed,

then the measured signal will be Gaussian. This system calcu-
lates histograms of the | and Q output from the receiver. Based
on measured standard deviation a theoretical Gaussian distri-
butionp(x) is calculated. This distribution is compared to the
measured distribution(z). As a test for the equality between
the distributions, we use the Kullback Leibler distance, [3]

> p(= log ()

Imperfections in the measurement system give deviations from
the theoretical values. Therefore, a calibrated noise source is
used as reference for the test.

Dl q =

3 Results

We found significant differences in the noise levels for the dif-
ferent sites and for the two polarizations. From the measure-
ments at the two bandwidths we have found that the noise power
is directly proportional to the bandwidth. As expected, the low-
est levels can be found at site 1 and the highest at site 3. We
have also found that the median levels and the variation with
frequency for the measured values correspond quite well with
the values from the ITU-R recommendation. First we will study
the level of the noise factdr,., for the horizontal and vertical
polarization as a function of frequency for the three different
sites. To make this comparison with the ITU-R levels, which
are given for an omnidirectional antenna, we have added the
correction factor described above.

3.1 Polarization

The largest difference between the polarization can be seen at
site 1, with the horizontal polarization always having the high-
est level, see Figure 2. At site 2, see Figure 3, the horizontal
polarization gives somewhat higher values than the vertical for
most of the measured frequencies, although the  difference
is not large. At site 3, see Figure 4, the vertical polarization
gives higher values for the lower frequencies and the horizontal
for the higher frequencies. The relative high values for the fre-
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Figure 2: Median levels for horizontal and vertical polarization
at measurement site 1 compared with ITU-R levels.
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Figure 3: Median levels for horizontal and vertical polarization
at measurement site 2 compared with ITU-R levels.
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quency 108.1 MHz, which is in the FM BC band, can be caused Figure 4: Median levels for horizontal and vertical polarization
at measurement site 3 compared with ITU-R levels.

by high sideband levels from an FM radio station.
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Figure 5: Median values for the different directions and the total
median for site 1 compared with the ITU-R levels.
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Figure 6: Median values for the different directions and the total
median for site 2 compared with the ITU-R levels.

40 T T

)

oH ® 300° R .
~ Business ~io
~ Residental N

-5 " Rural ~ -
— - Quiet rural T~

Galactic
T

-10 L L I I I I ~ I
30 40 50 60 70 80 90 100 200

f [MHz]

Figure 7: Median values for the different directions and the total
median for site 3 compared with the ITU-R levels.

3.2 Direction

We have also found that the noise levels are dependent on the
direction of the antenna. This can be seen in Figure 5-7. Atthe
lowest measured frequency the antenna directivity is small. All
of the sites have a relatively high dispersion of the noise levels
at the frequency slightly above 100 MHz. The phenomenon
is probably traceable to the fact that this frequency is in the
FM BC bandwidth. There is no FM station at the measured
frequency that should be within range to be detected. However,
the measured frequency is probably contaminated by sidelobes
from adjacent stations. The difference between the directions
for site 1 is about 1.5-3 dB. Two relatively high values can be
found for the frequency 54.5 MHz, which can be seen in Figure
5. They probably originate from a TV station situated at some
distance. The highest dispersion depending on the direction can
be seen at site 2, Figure 6, where it is 5-10 dB. It can also be
seen that one of the directions represents the highest values for
most of the frequencies. In that direction there are traffic lights
at a busy road. At site 3 there is one direction that always has
the lowest value, see Figure 7. In that direction it is quite far to
the nearest building, except for a house with a tin roof which is
placed below the height of the antenna.

3.3 Amplitude distribution

We have not evaluated the tests fully, but we did a straightfor-
ward comparison between the test variables of the measured
noise and the noise generator. An example of the result of the
Kullback Leibler distance test can be seen in Figure 8, where we
show the frequency 42 MHz, 120 kHz bandwidth, vertical po-
larisation and the inphase signal component. Measurements on
the noise generator give values in the range 60 - 140, with most
of the measured data for the example at site 1 (the histogram at
the top of Figure 8) falls within the same interval. Site 2 has the
lowest measured data within the interval, whereas site 3 has a
little more data in the interval. Note that the y-axis scale for site
1 is three times the scale of the others.

By these calculations on the results from the tests, we get an
indication of how much of the data that could be assumed to
have Gaussian distribution and how much that had a low extent
of impulses. About 95% of the data from site 1 passes the test
for Gaussian distribution. At site 2, not much of the data will
pass the test; only about 40%. Site 3 is, as expected, in the mid-
dle concerning passing the test, with about 65%. Table 1 shows
the percentage for the different sites and frequencies passing the
test. The first measured frequency at site 3 is totally jammed,
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Figure 8: An example of the inphase component of the informa-
tion divergence test for the three sites. Site 1 at the top, Site 2
in the middle and site 3 at the bottom.



giving that only about 0.1% of the data can be assumed to be

Table 1: Percentage of the data passing the test both for in- Gayssian.

phase and quadrature phase. The — marker indicates that the

An example of the distribution of the impulsiveness ratio can

measurement was buried in noise from the measurement sys- pe seen in Figure 9. We have used the same parameters as

tem. This is also the case for all higher frequencies.

Frequency MHz| Site 1 | Site 2 | Site 3
30 89.59 | 45.41| 0.14
37.9 89.33| 41.60| 25.42
42 92.72 | 43.32| 37.09
46.9 90.41| 28.02 | 65.11
54.5 97.26 | 21.63 | 66.75
58 96.83| 19.81| 79.75
74.85 96.42 | 40.82 | 81.01
108.1 98.71| 47.78 | 97.27
145 — | 38.93| 73.04
174.5 — — ] 98.46
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Figure 9: An example of the impulsiveness ratio for one fre-
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guency at the different sites.

Table 2: Percentage of the data passing the test both for in-
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for the previous example when making the histograms. Mea-
surements on our noise generator give values in the range of
0.85-1.05. The theoretical value for a Gaussian distribution

is 1.04, but the measurement system gives values that differs
from this. In the example the histogram for site 1 shows a clus-

ter slightly below 1, which indicates that there are not many

impulses in the noise. At site 2 the cluster is widely spread,

indicating that the noise is rich in impulses. At site 3 the data

is mostly concentrated below 2 that indicates that most of the
noise has small impulses. Summing the impulsiveness gives
that site 1 has about 3% noise that is rich in impulses, site 2,
more than half, and site 3, about one third. Table 2 shows the
percentage for the different sites and frequencies that are not
rich in impulses.

4 Conclusions

The overall conclusion is that the level of the noise in our mea-
surement is within the range of the ITU-R recommendations.
The site assumed to be rural has noise levels a little bit higher
than the ITU-R recommendation for quiet rural areas. The sub-
urban site has noise levels that could be compared with rural
areas in ITU-R. The residential site has noise levels which cor-
responds well with the ITU-R recommendations for residential
areas. The noise levels show significant variations according to
the direction for the suburban and residential sites. The magni-
tude of the variations is 6-15 dB. At the rural site, the majority
of the measurements can be assumed to be Gaussian distributed
(approximately 90%). At the suburban site our tests indicate
that less than half of the measurement can be assumed to be
Gaussian distributed. At the residential site the tests indicate
that approximately two-thirds of the measurements can be as-
sumed to have Gaussian distribution. Concerning impulsive-
ness, we have found that at the rural site about 3% of the noise
is rich in impulses, whereas at the suburban site more than half
of the noise is rich in impulses. At the residential site about one
third of the noise is rich in impulses.
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