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Abstract—This paper investigates the influence of the human
body on indoor measurements of radio wave path loss at 3.5 GHz
and proposes a solution to improve the accuracy of measurement.
The presence of the human body causes measurement errors
to radio wave field strength, which is of concern for analysis.
The reduction of errors due to measurement process enhances
the accuracy of measurement data that is used to validate
propagation models. Also, the characterisation of signal strengths
at nearby-locations will be presented, which may be used as a
proof to develop new propagation models that take advantage
of fast calculation based on the observation of relations between
geographically-related signal levels. This is also used to analyse
the human body influence depending on the locations.

Index Terms: indoor 3.5 GHz measurement, human body influ-
ence, radio wave signal strength, spectrum analyser, vector signal
generator, propagation modelling

I. INTRODUCTION

The development of an accurate large-scale radio wave
propagation model e.g. [1][2] requires validation via mea-
surements. Usually a few locations are selected and signal
strengths are recorded. To avoid random effects such as mov-
ing crowds or vehicles, several samples have to be taken so to
obtain an average signal strength value [3]. Human bodies have
a great impact on the signal strength, especially in the case
of indoors, where multipath effects are dominant. Indoor high
frequency radio wave (e.g. 3.5 GHz) has higher attenuation
than a lower frequency. The radio waves at such frequency
cannot easily travel behind obstacles [4]. The investigation
of the influence of the human body on the high-frequency
radio wave propagation is important since this can be used to
improve the accuracy of the measurement campaign, which
is important when validating indoor propagation models. For
example, in [5], the measurement campaign introduced in this
paper is used to validate a ray-based indoor model.

The human body has an influence on radio wave mea-
surements. For example, in [6] measurements show that the
effect of human body causes fading depths of up to 15 dB.
In [7] a conducting cylinder is used to approximate the body
presence in the indoor propagation channel. To the best of
the authors’ knowledge, the influence of the human body
on indoor 3.5 GHz path loss measurements has not been
previously investigated. The study on this topic is important
because 3.5 GHz is the WIMAX (Worldwide Interoperability
for Microwave Access) frequency band in Europe. This paper
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contributes to studying the effects on measurement due to the
presence of the human body at this frequency and proposes a
solution to reduce the impact of the human body influence.
This paper is organised as follows. First the scenario
for indoor measurements is described and the measurement
techniques/process are detailed. The analysis of human body
influence on the measurements will be analysed and presented.
Then, the observations and analysis between geographically-
related signal strengths will be presented, which is used to
analyse the human body influence depending on its locations.
Finally some future work is described which concludes the

paper.
II. MEASUREMENT CAMPAIGN

A measurement campaign has been set up to evaluate indoor
propagation models (cf. [5]). This scenario is displayed in
Figure 1. It has three rooms and 255 polygons (more than
1,000 vertices) all together. The dimension for this scenario
is 16 X 9 X 4 (m?). The emitter is a vector signal generator
(power 6 dBm) equipped with an omni-directional antenna
(gain 2.8 dBi, EIRP Equivalent Isotropically Radiated Power
8.8 dBm). A frequency of 3.5 GHz is chosen, which is the
frequency of WIMAX in Europe. The emitting signal is CW
(Continuous Wave) and narrowband. The antenna is directly
installed so no additional cable loss occurs. The emitter is
located on the table (1.35 metre height) in the meeting room
and measurement locations (0.98 metre height) are positioned
by the grid pattern on the floor. Ground-squares patterns are
of the size 0.5 metre X 0.5 metre. Measurement locations
are denoted by integer coordinates that correspond to the grid
positions.

A. Measurement Procedure

To avoid as much noise disruption as possible, a measure-
ment campaign is conducted when there is only one person
in the room. A spectrum analyser is used to record the signal
strength of radio waves emitted from the vector signal gener-
ator. Around 200 points (Figure 2) are positioned by ground
floor pattern and distributed in the office. Measurement for
these points are split and accomplished during approximately
4 days. These locations are numbered so that the movement
and the locations of the spectrum analyser can be indicated
without the use of Global Positioning System (GPS).

978-1-4244-6406-7/10/$26.00 ©2010 IEEE
Authorized licensed use limited to: Jie Zhang. Downloaded on June 21,2010 at 07:26:31 UTC from IEEE Xplore. Restrictions apply.



Fig. 1.

Fig. 2.  Measurement locations; ‘X’ corresponds to antenna position

The spectrum analyser continuously records the radio wave
spectrum within a predefined span width. Usually, a larger
span width will cause longer scanning time and vice versa.
For example, during measurement, if the span width is set to
10 KHz, the time interval between measurement snapshots is
around 2 to 3 seconds and if the span width is set to 100
KHz, the corresponding time interval is increased to 12 to 15
seconds.

Several measurement snapshots are required in order to
improve the measurement accuracy by reducing the temporary
effects such as moving vehicles in the street. The use of
GPS [8] repeaters in EU/UK to enhance the reception signal
strength indoor is prohibited in order to avoid interference
to other GPS users. Therefore, the spectrum analyser may
not work with a GPS antenna in indoor measurement process
because of the low level of signal strength and/or multipath
phenomenons. For outdoor measurements, the GPS can be
used to keep positioning information while the spectrum
analyser is recording the signal level. In this special case
where GPS is not available indoor, a special routine has to be
produced to distinguish the files logged by the spectrum anal-
yser and their corresponding positions. The timing intervals
between snapshots of measurements are not constant even if
a fixed frequency bandwidth is set. This sometimes vary from
1 second to a few seconds, which causes trouble if the time
interval is used as a factor to separate measurement logged
files. Therefore, this can be solved manually by recording the
time periods (start and end), and their corresponding locations.
This information can be post-processed (e.g. by a batch script)

to extract detailed signal levels from the logged files. The
locations are denoted by the grid offsets on the floor. The
spectrum analyser is placed one by one on the centres of these
grids along the route. The spectrum analyser supports signaling
mode, in which it can be set to record or stop automatically by
signals captured, which can be used to reduce the influence of
the human body. In spite of this, the signaling mode is disabled
so the influence of the human body can be investigated.

The procedure is as follows. First record the position of the
spectrum analyser, then manually trigger the record button.
Quickly move away from the device while it is starting to
continually recording the spectrums. Wait approximately 2
minutes before the device records dozens of snapshots and
move back to stop the device from recording. The start time
of the recording and its corresponding ending time should
be recorded onto a worksheet for post-processing at the next
stage.

The files logged by the spectrum analyser consist of mea-
surement parameters and most importantly the detailed scan
of the frequency spectrums. The signal level (in dBm) for
that particular snapshot can be obtained by extracting all these
spectrum values. The power p; (¢ denotes the index number
of measurement points) can thus be calculated as:

p; =max P;,j € [0..N — 1]

where

P; denotes the corresponding power level at that particular
frequency spectrum.

N denotes the total number of recorded frequency spectrums,
usually associated with bandwidth.

Therefore, the values of p; for the measurement index ¢ can
be collected.

Each location requires several measurement snapshots. To
avoid the interference of human bodies when manually trig-
gering the spectrum analyser, the measurement data of the
first few and last few snapshots are removed. This will be
detailed in the next section. The other measurement snapshots
are averaged. Spatial filtering [3] is applied in order to remove
the fading effects. This is computed by averaging the signal
power level (in mW) of one location with its neighbours (the
surrounding measurement locations). The distance between
neighbours is 0.5 metres, which is approximately 5.8 the
wavelength. Figure 3 displays both the filter and unfiltered
measurement data. It is observed that, the filtered measurement
curve fluctuates less than the unfiltered one (reflecting instant
power levels), which is necessary if path loss comparison with
the propagation models is of interests.

III. ANALYSIS OF THE DATA

The human body has impacts on measurements if the
people stay around the device when the spectrum analyser
is recording. For example, measurement point of index 60
consist of 51 snapshots, and is displayed in Figure 4. From
the figure, it can seen that the begin and the end measured
signal levels are greatly affected by the author (1.75m tall
and 65 kg mass, adult male, aged 24, wearing a coat that
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Fig. 3. Spatial filtering applied to remove fading effects

is made of damask) and the values are fluctuating rapidly,
which has a 2 to 5 dB difference while the other measured
signal levels are within 2 dB difference. Index 1 corresponds
to the time 17:03:20 when the author triggers the spectrum
analyser and starts to walk away. The presence of the human
body can be ignored at index 4 (time 17:03:31) because the
author is far away from the spectrum analyser. At index 46
(time 17:05:40), the author quickly walks back to the spectrum
analyser and finally at index 51 (17:05:53) the device is turned
off. The estimated speed is 3 metres per second. Apparently,
the measured values while affected by the human body should
be filtered out from measurement data. However, the number
of affected measurement snapshots is not easily known and
varies from measurement to measurement. This is due to
unpredicted time intervals that manually trigger the start/stop
button on the spectrum analyser.

(dBm)

Measured Power Level

Snapshot

Fig. 4. Snapshots of measurement index 60

To obtain a relatively-accurate measurement profile, Algo-

Algorithm 1 Filter([in]z, [in]d, [in, out]p;[], [in, out]N,,
[in]A, [in]7)
if N, > r then

Np—1

T e > 2 pildl

J<0
k—ux
while true do
v p;[k]
if [u —v| > A then
if N, —j > r then
pil] = pifl —v
J—Jj+1
else
break
end if
else
break
end if
k—k+d
if (k < 0) or (k> N, — 1) then
break
end if
end while
Ny — N, —j
return j
end if
return 0O

P

rithm 1 can be applied, which has the complexity of O(n). It
is used to remove severely-affected snapshots at the beginning
and the end of the measurement. = represents the starting
index position of the measurement snapshots. d is the offset,
which can be 1 or —1, denoting the forward or backward
scan. The algorithm scans snapshots and removes them if
they are likely to be influenced by the human bodies. r
(r > 1) is the minimum number of points that are kept from
filtering. The values are checked by computing the difference
between the overall mean . A is used to control the degree of
tolerant difference. It takes the array of measurement snapshots
pi[] for index i and the number is denoted as N,. This
procedure filters measurement data and returns the number of
abandoned measurement snapshots. Because the measurement
errors due to the human body influence are likely to occur at
the beginning and the end of measurement snapshots (while
the author stands around the spectrum analyser), two filters
via this algorithm should be conducted. Filters with z = 0,
d=1and x = N, —1, d = —1 denote two scanning forward
from the start and backward from the end, respectively. This
algorithm is recommended when there are many measurement
snapshots (r > 20) because it may prune out valid snapshots
when there are only a few points. It is recommended that,
if there are many points, a ‘moving average’ techniques [9]
(averaging measurement data every few points) can be applied
to reduce the noise effects, which helps improve the accuracy
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of this algorithm. For example, for location index 60, 7 points
(3 at the beginning and 4 at the end) are filtered (A = 1) as
the resulting measurement profile is displayed in Figure 5.
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Fig. 5. Filtered snapshots of measurement index 60

By increasing A, fewer points are removed and vice versa.
The relationship between A and the number of eliminated
points can be found in Figure 6.
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Fig. 6. A vs. the number of eliminated points

The final path loss for the measurement index 7 can be
obtained by calculation of Root-Mean-Square (RMS) for the
rest of the measurement snapshots i.e.

SN ER)
Np - Nf

where
Q; is the power level in dBm for measurement index <.

Ny is the number of filtered snapshots.
F;[] is the unfiltered snapshots array.
N,, is the number of total snapshots.
The path loss for measurement index ¢ can thus be formulated
as
Li=PF—Q;

where

L; is the path loss (in dB) for measurement index :.

P, is the emitter power level in dBm.

Without filtering, the calculated path losses have on average
approximately 3 to 6 dB difference with the filtered results. In
the worst cases, the difference for some locations can reach
up to 15 dB. The average number of eliminated measurement
snapshots for these 200 points is 9.5. The final measurement
path loss profile for these 200 points can be found in Figure
7 (Average 63.45 dB). It is observed that if the human body
stays longer at the device, more snapshots will be affected and
vice versa.
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Fig. 7. Histogram of measured path loss

IV. GEOGRAPHICALLY-RELATED HUMAN BODY
INFLUENCE

It is of great significance to see the correlations between
the human body influence at geographically-related locations.
Signal strengths at geographically-related locations are anal-
ysed first and the human influence can be investigated. This
may be used as an important observation to accelerate prop-
agation models. In this measurement campaign, measurement
locations are numbered, which is used to mark the order of
measurement. The locations of these points (C}, ¢ refers to the
measurement index) can be denoted by two integer coordinates
[x], [y] that represent the offsets of the grids on floor from a
reference grid (e.g. lower-left).

Two measurement locations are considered as neighbours if
their corresponding coordinates C; and Cj satisty

|Cilz] = Cj[=]] <1
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Cily] = Cjlyll <1

These neighbour measurement locations are placed next to
each other and have a distance of one square (0.5 metre)
between them if Cj[z] = Cj[z] or Ci[y] = Cjy]. The
distance will be increased to 0.707 metre if two measurement
locations are diagonal. Therefore, a measurement location will
have a maximum number of 8 neighbours. To investigate the
similarity between these neighbour measurements, the function
(i) is defined as

N (T
. N,

Lngw)?)

where

1 is the measurement index.

L; is the measured path loss for index 1.

N,, is the number of neighbours for measurement location i
(Ny, > 0).

N(i,k) returns the index of the number k neighbour of
measurement location .

w(z) computes the RMSE (Root Mean Square Error) be-
tween measurement index ¢ and its corresponding neighbours.
The resulting p for all neighbours can be investigated by
plotting their histograms of using neighbours of distances 0.5
metres or 0.707 metres, and all neighbours (Figure 8, 9 and
10) respectively. The average score value p is around 6, which
indicates the neighbour signal strengths usually vary within
6 dB in this special scenario. It is also observed that with
a slight increase of distance (from 0.5 to 0.707 metre), the
average p is increased from 5.79 to 6.05, which indicates
that if the distance between points is increased, so is the
difference of power level between them. It is also observed
that there is no strong correlation between p and the distance
to emitter, which indicates that x4 is independent of distance.
The measurement errors due to human body exist no matter
how far the measurement location is from the emitter.

The correlation between p and the number of snapshots
removed by Algorithm 1 is displayed in Figure 11. The "+
sign shows the number of removed snapshots and the red line
displays the u. The plot indicates a strong correlation between
these two factors for the major measurement locations. The
correlation can be calculated [9] as:

> i=1"((N; — N)(M; — M))

C(N, M) =
VSi= 1NN - N2 Y i = 1 (M, — B)?

where
N, M are two series of data.

In this case, the correlation is 86.32%. From Figure 11, it
indicates that the human influence may be strongly correlated
in some locations i.e. the locations can be identified in clusters
of small regions where the human influence score (i) are
relevant: a larger p causes more snapshots to be removed,

and vice versa. This can be explained by the situation that, in
some locations such as corners or windows, when the author
turns on the spectrum analyser, he blocks the dominant rays
from emitter and therefore the human body influence to the
final signal strength is significant.
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V. CONCLUSION

This paper describes a measurement campaign conducted in
an office. Data collected is analysed and the influence of the
human body on measurements is investigated. The procedure
to reduce the effects and improve the measurement accuracy
is proposed. The correlations of the measurements that are
geographically-related are investigated and the results show
that the degree of average variance of measured signal strength
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increases when the distance between two geographically-

related locations is increased. The correlation between human
body influence function and the number of snapshots removed
by the proposed algorithm is investigated, which may indicate
there is a strong correlation between the human body influence
and locations, at least from this measurement campaign. Future
work involves conducting more measurements at different
frequencies and analysing the effect of the human body at
these different frequencies. Furthermore, the investigation on
the correlation between the human body influence and different
scenarios may be considered.
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