°e NMNIEXRFFHEEURI LY

+ Kyutacar

ite of Technology Academic Repository

Experimental investigation of controlling
coverage of wireless LAN by using partitions
with absorbing board

0ad Maeda Yuji, Takaya Kazuo, Kuwabara Nobuo
journal or 1999 International Symposium on
publication title |Electromagnetic Compatibility

page range 674-677

year 1999-05

URL http://hdl._handle.net/10228/00008637

doi: https://doi.org/10.1109/ELMAGC.1999.801418



20A504

EXPERIMENTAL INVESTIGATION OF CONTROLLING COVERAGE
WIRELESS LAN BY USING PARTITIONS WITH ABSORBING BOARI

Yuji Maeda, Kazuhiro Takaya, and Nobuo Kuwabara

NTT Multimedia Networks Laboratories
3-9-11 Midori-cho, Musashino-shi, Tokyo 180-8585, Japan

Abstract: For a wireless communication system to work effec-
tively without electromagnetic interferences, the electromagnetic
environment needs to be controlled. We experimentally investi-
gated methods for controlling the electrical field strength and
the delay spread so as to achieve communications without elec-
tromagnetic interference in selected regions for a 2.4-GHz-ISM-
band wireless LAN system. Several indoor environments in
which partitions with electromagnetic absorbing board were
placed around desks were used. The transmission loss and de-
lay spread were investigated experimentally, and the BER and
throughput characteristics were measured. We found that the
coverage of a wireless LAN could be controlled by using parti-
tions with absorbing boards. We identified several requirements
for controlling the coverage that should be useful in designing
indoor wireless communication systems.

INTRODUCTION

Wireless communication systems in the microwave band are
now used in many offices. These systems include 2.4-GHz in-
dustrial, scientific, and medical (ISM) band wireless local area
networks (LANs) [1],[2] and 1.9-GHz-band (in Japan) cordless
phones. However, if the system is large, electromagnetic inter-
ference with other systems may occur [3]-[5]. For example, a
shortage of channels may lead to channel collisions and strongly
reflected waves may lead to bit errors. Therefore, the indoor
electromagnetic environment must be controlled for a wireless
communication system to work effectively.

Improvement in the antenna system [6] and the signal pro-
cessing system [7] have helped to control the coverage of wire-
less systems. Choosing appropriate building materials has been
shown to help control the electromagnetic environment [8],[9].
The 2.4-GHz-ISM-band wireless LANs are manufactured by
many companies, and these LANs have non-directional anten-
nas, so users can easily install them. Therefore, controlling the
electromagnetic environment by selecting appropriate building
materials is more effective than improving the antenna system
for actual implementations.

We have experimentally investigated a methed for control-
ling the coverage of a 2.4-GHz-ISM-band wireless LAN sys-
tem with monopole antennas by using electromagnetic absorb-
ing boards [10] as partitions. We used an electromagnetic envi-
ronment evaluation booth [8] whose wall material could be
changed. We set the covered and uncovered regions in the booth
beforehand and investigated methods for achieving the best com-
munication conditions in the coverage region. The propagation
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characteristics, including the transmission loss and d
were measured for four indoor environments. The b
(BER) and throughput characteristics of a conventi
less LAN system were also investigated and severa
ments for controlling the coverage were identified.

EXPERIMENTAL SETUP

The configuration of the electromagnetic environm
tion booth is shown in Fig. 1. The booth was comg
ered with electromagnetic absorbers to prevent radio wa
the same frequency bands used in our investigationsf’;‘
ing the booth. The absorbers had above-20-dB absorh
acteristic for radio waves above 1.5 GHz. The boot
long, 4.45 m wide, and 2.8 m high. It had a raised ¢
constructed of metallic plates, 0.5 % 0.5 m. It had a
ceiling constructed of 0.9 X 0.9 x 0.02 m acoustical sq
of rock wool. The walls were either metallic plates
plates lined with electromagnetic absorbers. These ab:
the same absorbing characteristics as those on the ou
booth. ’

Eight desks and chairs were placed in the boot
titions around the desks. The desks were construc
panels and the chairs were constructed of a cushion
parts. Two groups of four desks were placed symn
the booth to simulate a typical office, as shown
antenna as an antenna of personal station (PS) was
metrically on each desk. They were 0.7 m high and p
m from the partitions. Another antenna as an antent
station (CS) was placed on the center line (2.225 m
walls, and 0.3 m from one y wall). It was 1.5 m
and CS antennas were monopole antennas, like tho

4 Booth Partition attached

to absorbing board

PS antenna
number

9.1m Llmo e
Walls: absorbing
or metallic =]y
Network analyzer

Fig. 1. Configuration of electromagnetic environml
booth.



Absorbing board
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(a) Partition No. 1 (b) Partition No. 2

tructure of partitions attached to absorbing board and desk.

vireless LAN. They had vertical polarization.
ectromagnetic absorbing boards [10] were attached to
artitions, as shown in Fig. 2. Partitions with two different
wres were used. Partition 1 (Fig. 2(a)) is the shortest parti-
at comes on the market; it is 0.9 m high. Partition 2 (Fig.
is the tallest partition generally installed around a desk. It
either 1.2 m or 1.5 m high. These partitions were made
ood panels and plastic parts. Absorbing boards were in-
d around each desk, extending from the desk top to a height
2, 0.5, or 0.8 m. They were made of silicic calcium and
fite powder; their absorption characteristics were about 20
2.484 GHz. They were 8 mm thick and backed with alu-
m sheets.
- We determined beforehand that the antenna at positions 1,
and-6 were to be in the coverage region, while the other
ennas were not. We then investigated ways to achieve cover-
or the antennas to be covered.

We tested coverage in four environments: (1) absorbing
ills and partition 1, (2) absorbing walls and partition 2, (3)
lic walls and partition 1, and (4) metallic walls and parti-
12. In all environments, the direct wave from the transmit-
Zantenna reached only antennas 1 and 2. In environments 1
, it also reached antennas 5 and 6.

PROPAGATION CHARACTERISTICS

work analyzer placed outside the booth was connected to
S and PS antennas by coaxial cables laid under the floor,
own by the dotted lines in Fig. 1. It was used to measure
ansmission loss and delay spread from the CS antenna to
PS antenna.

RANSMISSION LOSS

easured transmission loss for the four tested environments
wn in Fig. 3. The loss is the average transmission loss for
requencies between 2.471 and 2.497 GHz, the bandwidth
wireless LAN. We used the average because the trans-
on Joss varied widely between frequencies. The horizontal
hows the PS antenna positions shown in Fig. 1. The verti-
is shows the transmission loss normalized by the trans-
on loss at position 1 in environment 1.

Although antenna pairs 1 and 2, 3 and 4, 5 and 6, and 7 and
€ placed symmetrically with respect to the CS antenna,
ansmission loss differed by several dB within each pair
Se it was impossible to install the antennas, desks, and
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Fig. 3. Measured average transmission loss from 2.471 to 2.497 GHz
at receiving positions 1 to 8 for four tested environments.
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Fig. 4. Measured delay spreads at receiving positions 1 to 8 for four
tested environments.

partitions in perfectly symmetrical positions.

The transmission loss was about 18 dB at antennas 3 and 4
and about 30 dB at antennas 7 and 8 when we used absorbing
walls (environments 1 and 2) because the reflections from the
walls were small. Based on the transmission loss at antennas 1,
2, 3, 4, we estimated that the partitions had at least 15-dB at-
tenuation characteristics. The difference between environments
1 and 2 was especially clear at positions of 5 and 6: the trans-
mission loss was about 8 dB when a direct wave was received
(environment 1) and about 15 dB when the antennas were in a
shadowed region (environment 2).

When we used the metallic walls (environments 3 and 4),
the transmission loss was greater near the center of the booth
(antennas 3 to 6), and although antennas 7 and 8 were in shad-
owed regions, the transmission loss for these antennas was be-
low 4 dB because the reflections from the metallic walls were
strong. These results show that using partitions with absorbing
boards effectively controls the transmission loss if the walls are
made of low-reflection-coefficient materials, like absorbing
walls, but the partitions were not effective when the reflections
from the walls were strong.

DELAY SPREAD

The root mean-square (rms) delay spread is an important pa-
rameter [11] in evaluating wireless systems. The measured de-
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Fig. 5. BER characteristics measurement system.

lBooth PS antenna

Body of PC
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Fig. 6. Throughput characteristics measurement system. Throughput
from WS to PCs was measured using a file transfer protocol.

lay spreads for our four environments are shown in Fig. 4. The
horizontal axis shows the position of the PS antennas, and the
vertical axis shows the delay spread.

The figure shows that the delay spread varied greatly with
the wall material. The delay spread for environments 1 and 2
was less than about 15 ns at all receiving positions, while that
for environments 3 and 4 was greater than 25 ns at all receiving
positions. Moreover, the variation in delay spread between par-
tition types was within several nanoseconds. Comparing the mea-
sured transmission loss with the delay spread when the walls
were made of the same material (environments 1 and 2 or 3 and
4), when the transmission loss was large, the delay spread was
large.

PERFORMANCE OF WIRELESS LAN

MEASUREMENT METHOD

To measure the BER characteristics, we used the setup shown
in Fig. 5. A wireless system board, which used the direct se-
quence spread spectrum (DSSS) system, was installed in each
personal computer to measure the BER because it is difficult to
measure the BER of an actual wireless LAN. The operating fre-
quency band was set at 2.471 to 2.497 GHz, the same as that
specified in IEEE 802.11 for a wireless LAN [1]. All antennas
were monopole antennas and were placed at the same positions
as for the propagation characteristic measurements.

The setup we used to measure the throughput characteris-
tics is shown in Fig. 6. We used an actual wireless LAN that
used a DSSS system with a data rate of 2 Mbps. Each PS was
connected to a PC by a twisted pair cable, and the PCs and PSs
were placed under the desks. The workstation (WS) and CS of
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Fig. 7. Measured BER characteristics at receiving positio
four tested environments.

the LAN were connected to a hub by 10BASE-T cab
were placed outside the booth. A CS antenna was co
the CS by a coaxial cable, and a PS antenna was co
each PS by a coaxial cable. Both types of antennas w
pole antennas and were placed at the same position:
BER characteristic measurements. The throughput wa
by using the file transfer protocol to transfer a 5-M
from the WS to four PCs through the CS and PSs.

BER CHARACTERISTICS

The measured BER characteristics at each receivir
for each environment are shown in Fig. 7. We fou
BER was greatly dependent on the wall material. Whe
were made of low-reflection-coefficient material (en:
1 and 2), the BER was below 107 at all positions.
walls were made of high-reflection-coefficient mat
ronments 3 and 4), it was above 10 at all positions. !
the BER was little dependent on the partitions. Comp
results and the measured delay spreads, the BER
1071° when the delay spread was below about 15 n
above 10 when the delay spread was above abou

THROUGHPUT CHARACTERISTICS

The measured throughput characteristics are sumi
Table 1. The measurements were done when the w
system was used to communicate between the CS
(1to4 or5 to 8), at the same time. The throughpu
was measured.

The measured throughput was normalized by
put measured when the CS was directly connect
coaxial cable. In this case, there was no interfer
throughput for each PS was 0.25. However, in this
nas 1,2, 5, and 6 were in the coverage area, and the
nas were not. Therefore, the best throughput wa
tions 1, 2, 5, and 6 and 0.0 at the other positions
shown in Table 1 were estimated based on the de
the best throughput at each position. ‘

We measured the throughput when the receiv



Measured throughput characteristics evaluated by deviations
rom 0.5 for antennas 1, 2, 5, and 6 in the coverage area and
ror 0.0 for the other antennas.
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X Deviation > 0.5

) Deviation
0 < Deviation £ +0.25

ed 10 dB because the electric field radlatmg from the
LAN was too strong to control the coverage in our mea-
ntenvironments. As a result, the received-si gnaﬂ level at
‘1 in environment 1, for example, was about -60 dBm.
shown in Table 1, for environment 1, communication
ieved at all positions. The throughput at positions 1 and
direct waves were received, was about 0.35. That at
3 and 4, where no direct wave was received, was about
refore, the regions where the throughput was high were
y the partitions. From Fig. 3, there was a deviation of
dB in the transmission loss between positions 1, 2 and
eneral, the received signal level for a 2.4-GHz-ISM-
ireless LAN should be -85 to -75 dBm [12]. Therefore,
ed-signal levels at positions 3 and 4 were almost at the
vireless LANS, so the throughput was decreased. Fur-
the throughputs for positions 5 to 8 in environment 1
ost the same as those for positions 1 to 4.

regions where the throughput was high in environment
arked by the partitions more clearly than in environ-
cause the throughput at positions 1, 2, 5, and 6 in envi-
> was 0.5, while that at the other positions was 0.0. The
" this is probably because the delay spreads at posi-
, and 6 were smaller than those at the other positions
g reflected waves decreased because the partitions were
hose in environment 1. Moreover, we found that it
ble to control the coverage at points there was no di-

nrast, there was no uniformity in the throughput for
ents 3 and 4 (metallic walls). The throughput at one
as 1.0, and that at the other positions was 0.0 because
ted waves were very sirong and were transmitted for a
Moreover, the same result was achieved when the
nal was attenuated above 10 dB. These results show
ifficult to support simultaneous communication in en-
where the delay spread is above 25 ns and the BER
. In any case, it is difficult to control the coverage
alls are made of high-reflection-coefficient materi-

CONCLUSIONS

or controlling the coverage so as to achieve suffi-

cient performance of a wireless LAN system in selected regions
by using partitions with absorbing boards was investigated for
several indoor environments by using an electromagnetic envi-
ronment evaluation booth. As the results, three requirements
were identified:
(1) Low-reflection-coefficient material should be used for
the walls, and the delay spread should be below 15 ns.
(2) The covered and uncovered regions should be separated
- by partitions with absorbing boards, and the electric field
in the covered one should be at least 15 dB stronger than
it the other.
(3) The received signal level in the uncovered regions should
be below -75 dBm.

We plan to*mvestlgate how large the delay spread can be
while still achieving coverage control and to create software
tool for desrgnmg wireless LANs. We will also investigate cov-
erage conirol in an actual large office.
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