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Abstract: For a wireless communication systemto work effec­
tively without electromagnetic interferences, theel�ctromagnetic 
environment needs to be controlled. We experime

1
1tally investi­

gated methods for controlling the electrical field Mrength 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 absorbiilg board were 
placed around desks were used. The trans�.issiopJoss and de­
lay spread were investigated experimentally! arrd'the BER and 
throughput characteristics were measured .. We found that the 
coverage of a wireless LAN could be controlle,g by using parti­
tions with absorbing boards. We identified se�eral 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) [l],[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 method 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 

characteristics, including the transmission loss aii
were measured for four indoor environments. 
(BER) and throughput characteristics of a con 
less LAN system were also investigated and s 
ments for controlling the coverage were identifi 

EXPERIMENTAL SETUP 

The configuration of the electromagnetic envir 
tion booth is shown in Fig. 1. The booth was 
ered with electromagnetic absorbers to prevent 
the same frequency bands used in our investiga 
ing the booth. The absorbers had above-20-dB 
acteristic for radio waves above 1.5 GHz. The -
long, 4.45 m wide, and 2.8 m high. It had a rai 
constructed of metallic plates, 0.5 x 0.5 m. It 
ceiling constructed of 0.9 x 0.9 x 0.02 m acousti' 
of rock wool. The walls were either metallic p 
plates lined with electromagnetic absorbers. Th 
the same absorbing characteristics as those on 
booth. 

Eight desks and chairs were placed in the, 
titions around the desks. The desks were cot). 
panels and the chairs were constructed of a cu 
parts. Two groups of four desks were placed 
the booth to simulate a typical office, as sho 
antenna as ari"antenna of personal station (PSi 
metrically on each desk. They were 0.7 m hig 
m from the partitions. Another antenna as an,, 
station (CS) was placed on the center line (2. 
walls, and 0.3 m from one y wall). It was 1.5 
and CS antennas were monopole antennas, Ii 

Booth 

Walls: absorbing 
or metallic 

Fig. 1. Configuration of electromagnetic env'i 
booth. 
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1.5 m 

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

Structure of partitions attached to absorbing board and desk. 

ireless LAN. They had vertical polarization. 

Jectromagnetic absorbing boards [10] were attached to 
itions, as shown in Fig. 2. Partitions with two different 

res 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. 
s the tallest partition generally installed around a desk. It 

ither 1.2 m or 1.5 m high. These partitions were made 
ood panels and plastic parts. Absorbing boards were in­

, around each desk, extending from the desk top to a height 
, 0.5, or 0.8 m. They were made of silicic calcium and 
powder; their absorption characteristics were about 20 

2.484 GHz. They were 8 mm thick and backed with alu­
sheets. 
e determined beforehand that the antenna at positions 1, 

nd-6 were to be in the coverage region, while the other 
as were not. We then investigated ways to achieve cover­
r the antennas to be covered. 

. e tested coverage in four environments: (1) absorbing 
and partition 1, (2) absorbing walls and partition 2, (3) 

lie walls and partition 1, and (4) metallic walls and parti­
. In all environments, the direct wave from the transmit­
ntenna reached only antennas 1 and 2. In environments 1 
.· it also reached antennas 5 and 6. 

PROPAGATION CHARACTERISTICS 

ork 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. 

SMISSION LOSS 

easured transmission loss for the four tested environments 
wn in Fig. 3. The loss is the average transmission loss for 
equencies between 2.471 and 2.497 GHz, the bandwidth 

e wireless LAN. We used the average because the trans­
on loss 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
e 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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PS antenna 

CS antenna 
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Fig. 5. BER characteristics measurement system. 
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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 

10°r--�����������-r--. �� 

10·
2 :;:-

10
1
0 

3 4 5 6 
Receiving antenna 

Fig. 7. Measured BER characteristics at receiving pos' 
four tested environments. 

the LAN were connected to a hub by lOBASE­
were placed outside the booth. A CS antenna wa 
the CS by a coaxial cable, and a PS antenna w 
each PS by a coaxial cable. Both types of antenn 
pole antennas and were placed at the same posit 
BER characteristic measurements. The throughput 
by using the file transfer protocol to transfer a 
from the WS to four PCs through the CS and P 

BER CHARACTERISTICS 

The measured BER characteristics at each rece 
for each environment are shown in Fig. 7. We,' 
BER was greatly dependent on the wall material 
were made of low-reflection-coefficient materi 
1 and 2), the BER was below 10- 10 at all posi 
walls were made of high-reflection-coefficien 
ronments 3 and 4), it was above 10-4 at all positi
the BER was little dependent on the partitions. 
results and the measured delay spreads, the B 
10- 10 when the delay spread was below about ;}s 
above 104 when the delay spread was above a 

THROUGHPUT CHARACTERISTICS 

The measured throughput characteristics ar 
Table 1. The measurements were done when t · 
system was used to communicate between the" 
(1 to 4 or 5 to 8), at the same time. The throu 
was measured. 

The measured throughput was normalize· 
put measured when the CS was directly con 
coaxial cable. In this case, there was no int 
throughput for each PS was 0.25. However, i. 
nas 1, 2, 5, and 6 were in the coverage area, an 
nas were not. Therefore, the best throughput 
tions 1, 2, 5, and 6 and 0.0 at the other posi 
shown in Table 1 were estimated based on t 
the best throughput at each position. 

We measured the throughput when the re 
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. Measured throughput characteris�ics eviduated by deviations, 
from 0.5 for antennas 1, 2, 5, and 6 in the coverage area and 
rom 0.0 for the other antennas. 

7 8 

0 0 
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© 0 

X © 

ed 10 dB because the electric field radiating from the 
tLAN was too strong to control the coverage in bur mea­

t environments. As a result, the received-signal ievel 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 
efore, 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
eless LAN should be -85 to -75 dBm [12]. Therefore, 
,rd-signal levels at positions 3 and 4 were almost at the 
wireless LANs, so the throughput was decreased. Fur-

the throughputs for positions 5 to 8 in environment 1 
st the same as those for positions 1 to 4. 
egions where the throughput was high in environment 
rked by the partitions more clearly than in environ­
ause 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-

5, and 6 were smaller than those at the other positions 
reflected waves decreased because the partitions were 
those in environment 1. Moreover, we found that it 
le to control the coverage at points there was no di-

trast, there was no uniformity in the throughput for 
nts 3 and 4 (metallic walls). The throughput at one 
as 1.0, and that at the other positions was 0.0 because 
d waves were very strong and were transmitted for a 
Moreover, the same result was achieved when the 
gnal was attenuated above 10 dB. These results show 
fficult to support simultaneous communication in en­

where the delay spread is above 25 ns and the BER 
-4. In any case, it is difficult to control the coverage
alls are made of high-reflection-coefficient materi-

CONCLUSIONS 

for controlling the coverage so as to achieve suffi-

cient performance pf a wireless LAN system itf,e�fl'tJd regiortS: 
by using partitions with absorbing boards was investigated f6r 
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.

· (3j The received signal level in the uncovered regions should
be below·.75 dBm:

We plan to investigate how large the delay spread carr be
while still achieving coverage control and to create software 
tool for designing wireless LANs. We will also investigate cov� 
erage control in an:actual large office. 
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