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/ Abstract \

For a planning of indoor Wireless LAN systems
working in the ISM band, the signal propagation pre-
diction is needed. In this article, the measurement
campaign based on two types of measurements at
2.45 GHz is introduced.

The first type of the measurement was a classical
narrowband signal level measurement within indoor
scenario without presence of people. The aim of this
measurement was to find empirical parameters for
COST231 Multi-Wall and One-Slope models.

In order to statistically describe the time varying
nature of the received envelope of the signal, at WLAN
2.45 GHz band, the second part of measurement cam-
paign was accomplished. In this case, the signal level
was measured using commercial WLAN PCMCIA
cards in two notebooks. Probability density functions
and corresponding cumulative distribution functions
were set and discussed based on the specific locations
and orientation of one of the notebooks.

Results from both measurement campaigns were
compared and conclusions are drawn for the needs of

\practical planning of indoor WLAN systems coveragej

Keywords

Wireless LAN, indoor propagation prediction, pico-
cell, path loss, fading

1. Introduction

Wireless LAN (Wireless Local Area Network) is a
computer network system that uses radio air interface for
data transmission instead of conventional metallic or opti-

cal wire. Nowadays, several standards for WLAN air inter-
face for various frequency bands exist. IEEE 802.11Db is the
most successful standard for WLANs in 2.45 GHz ISM
(Industrial, Scientific & Medical) band [1].

For planning of indoor Wireless LAN systems wor-
king in the ISM band, the signal propagation prediction is
needed. Indoor scenarios are usually very complicated and
due to moving people rapidly changing environment. Since
the WLAN systems use wideband transmission, QoS (Qua-
lity of Service) is highly dependent not only on average
signal strength in specific location, but also on fading sta-
tistics.

Due to the multipath propagation where several waves
arrive at the receiver via different paths and with different
phases, rapid variations of the received signal envelope
occur (see Fig. 1). This phenomenon is described in detail
in [2] [3]. Time variations of the received signal and wide
bandwidth of the transmission are the reasons why the sta-
tistical evaluation of measurement results is necessary.

,,,,,,,,,,,,

Signal strength [dBm]

I I I I I I I
5 10 15 20 25 30 35 40
Distance [metres]

Fig.1 Example of received signal level versus distance; thick line

was obtained using averaging window of 20 wavelengths

That is why the indoor measurement campaign consis-
ting of two measurement methods was accomplished.

The aim of the first narrowband measurement was to
find empirical parameters for COST231 Multi-Wall and
One-Slope models [4]. The models allow mean signal level
prediction for initial coverage planning [5].

The second part of the measurement campaign - the
wideband measurement - was focused on the long-term
signal power level measurement using commercial WLAN
system to investigate statistical distributions of fades. Pro-
bability density functions and corresponding service time-
availability (cumulative distributions functions) were set



Radioengineering
Vol. 11, No. 4, December 2002

Indoor Propagation Measurement for WLAN Systems Operating in 2.45 GHz ISM Band 49
M.VALEK, S. ZVANOVEC, P. PECHAC

and discussed taking into account the specific location, the
notebook orientation in azimuth and the specific environ-
ment arrangement in the near vicinity of the notebook.
Using the results necessary power margin and resulting
QoS can be determined for WLAN system implementation.

2. Measurement Campaign

2.1 Location

The measurement campaign was performed on the
6 floor of the CTU building in Prague as in [5]. It is a
typical modern multi-floored building. Many walls and
partitions divide measured floor and there are two metal
lifts in the scenario as well (Fig. 2). Very untypical is an
antenna chamber with full metal walls situated in the mid-
dle of the measured area.
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2.2 Narrowband Measurement

A narrowband system was developed at the Dept. of
Electromagnetic Field consisting of a transmitter, portable
receiver and two wire omni-directional ground-plane an-
tennas. The system was designed for 2.45 GHz ISM band.
Full computer control is made through the standard serial
interface RS232 by the PDA computer PalmlIllx. A value
of the signal level was taken automatically every second
and saved in the computer while the receiver was moving
along a measured path. More information about system and
measurement method can be found in [6], [7].

Fig. 3 Measurement using commercial PCMCIA WLAN cards

2.3 Wideband Measurement

A simple Wireless LAN peer-to-peer connection was
built up using two notebooks - both supplied with identical
standard WLAN PCMCIA cards [8]. Omnidirectional an-
tennas are integrated in the cards. The test software inclu-
ded in the product package was used to measure the signal
power level and QoS.

One of the notebooks was situated at the same positi-
ons as the transmitter in the case of narrowband measure-
ments. The second notebook was placed on the slowly
rotating turntable, so that the azimuth in all 360 degrees
may have been scanned with 5-degrees step (Fig. 3). The
signal power level was measured at several turntable loca-
tions for a few hours. Three of the locations are shown in
Fig 6.

3. Measured Data Processing

3.1 Narrowband Measurement

Empirical parameters for COST231 One-Slope (1)
and Multi-Wall (2) models were optimized based on the
measured data and compared with parameters at 1.9 GHz.
The same data processing techniques were used as in [6].

L(d)="L, +10y log(d) (1)

M
Lyy(d)=L, +10ylogd)+ > L, @)
i=1
L(d) is path loss [dB] in distance d [m], L, denotes referen-
ce loss value [dB] for 1 m, y is path-loss exponent, L; is
floor loss factor for the i-th wall [dB] and M denotes num-
ber of walls between antennas. Three types of walls were
considered for Multi-Wall Model: light wall, heavy wall
and metal wall (antenna chamber walls).
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Fig. 4 Log-normal probability plot of received signal level

3.2 Wideband Measurement

All the measured data were collected and analyzed
with respect to the direction where the WLAN PCMCIA
card antenna was facing (notebook azimuthal orientation
on the turntable). Probability density function of the recei-
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ved signal level was determined in each receiver direction
and for every position of the turntable. The log-normal
fading distribution was utilized. The comparisons of the
log-normal distribution with the measured data in Fig. 4
and 5 demonstrate a good fit of the selected distribution.
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Fig. 5 Probability density function of SNR - measured data versus
log-normal distribution

The main goal of the wideband measurement was to
find cumulative distribution functions of the received sig-
nal level for each location. These functions describe time
variations of the received signal. It can be used for calcula-
tions of the signal level above the mean for an acceptable
percentage of time. This way the corresponding QoS is
determined. Detailed information on used calculation pro-
cedures can be found in [2],[3].

4. Measurement Results

4.1 Narrowband Measurement

The optimized values of empirical parameters for
One-Slope Model and Multi-Wall Model together with
their comparison to the results at 1.9 GHz [6] are given in
Tab. 1 and 2.

f [GHz] Lo [dB] v [
2.45 40.2 4.2
1.9 38.0 3.5

Tab. 1 Optimized parameters for One-Slope Model

As shown in Tab. 1, the path loss exponent optimized
for One-Slope Model is higher than in [6]. It was expected
because of the higher frequency band. It should be pointed
out that the One-Slope Model prediction accuracy is usu-
ally very poor. In the presented case, the mean error of the
averaged signal level exceeded 12 dB.

The semi-empirical Multi-Wall Model proved much
better performance - the mean error around 8 dB with op-
timized parameters. Thanks to its favorable features [6] the

Multi-Wall Model is advisable for indoor coverage predic-
tions for initial WLAN implementation planning.

f [GHz] | Lo [dB] | L, [dB] | L, [dB] | Ls [dB] | T [
2.45 40.2 5.9 8.0 4.1
1.9 38.0 2.1 4.4 1.3 2

Tab. 2 Optimized parameters for Multi-Wall Model

4.2 Wideband Measurement

First, the cumulative distribution functions of the re-
ceived signal power level in each location of the turntable
were investigated with respect to the turntable rotation.
Fig. 6 shows various curves of inverse cumulative log-
normal distribution function for three different locations
and three different probabilities. It defines minimum re-
ceived signal level for probability of 50, 90 and 99% as
functions of the measurement notebook location and ori-
entation. The influence of the notebook azimuthal orienta-
tion on the standard WLAN transmission can be nicely
demonstrated. Using the results, the gain of eventual angle
diversity can be determined as well.

Finally, the data were processed regardless the turnta-
ble orientation. The resulting cumulative distribution func-
tion is shown in Fig. 7. It statistically describes time varia-
tions of the received signal level for the three locations.
The link availability or QoS based on the signal level can
be determined for desired probability. Inversely, the power
level margin can be provided for the required probability.

As it can be seen in Fig. 7, there is a significant dif-
ference between the location C and other locations. It was
caused by less varying signal level due to the presence of
anomalous metal antenna chamber and low mean value of
the received signal level (compare to Fig. 6).

5. Conclusion

The indoor measurement campaign in 2.45 ISM fre-
quency band was described. Two types of measurements
and data processing - narrowband and wideband - were
presented.

The empirical parameters for standard indoor propa-
gation models were derived. Time variations of WLAN
signal level were investigated and the cumulative distribu-
tion functions based on log-normal distribution were deter-
mined. The position as well as the azimuthal orientation of
the measurement notebook were considered.

Using the results, the indoor coverage planning of
WLAN systems is possible including the prediction of link
availability and overall QoS. In addition, the measured data
can be further used for angle diversity studies.

Further investigations are needed to produce similar
results for other types of indoor environments. More gene-
ral conclusions could be drawn then.
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International Competition

STUDENT EEICT 2003

On Thursday, the 29™ of May 2003, Czech and Slo-
vak technical universities organize an international compe-
tition of students’ projects specialized in electrical engine-
ering, information and communication technologies. Since
the Faculty of Electrical Engineering and Communication
(FEEC) and the Faculty of Information Technology (FIT)
of the Brno University of Technology (BUT) have organi-
zed already 8 editions of a similar local contest, they were
delegated to prepare the first international edition of the
competition.

The contest is named STUDENT EEICT abbrevia-
ting Electrical Engineering, Information and Communica-
tion Technologies, which emphasize priorities in teaching
and research of organizing faculties.

The contest is aimed to motivate students for a cre-
ative research and development activity. In the frame of the
competition, students defend projects, which yield interes-
ting technical solutions and original results. Since several
of presented projects are worked out in a close cooperation
with industrial partners, companies play an important role
in the frame of the competition.

Each of the participating universities can delegate
two or three students (typically winners of a local faculty
contents) to the international competition.

The contest is running in three categories: bache-
lor’s, master’s, and doctor’s.

Each category is subdivided into the following specializa-
tions:

o Electronics

e Telecommunication

e Microelectronics and technology

e Mechatronics

e Cybernetics and automation

e Power electronics

e Theoretical electrical engineering

e Information systems

e Modeling, graphics and technical equipment

e Theoretical informatics

The participating faculty registers the nominated student
projects to such specializations, which correspond as close
as possible to the contents of the project.

Administration of the competition is given on the
Internet: http://www.feec.vutbr.cz/EEICT

On these pages, also proceedings of the competition stay at
one’s disposal.

All the people are invited also to the traditional
competition of BUT, which will be held on Thursday, the
24™ of April 2003.

Both the local competition and the international one
take place in the university campus Pod Palackého vr-
chem in the building Technicka 8.




