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1.   Introduction

Wireless systems for disaster recovery are espe-
cially effective in providing an early recovery thanks 
to the portability of the equipment and the provision 
of highly reliable communications using a frequency 
band oriented to disaster recovery. Various advances 
have also been made to deal with wide-area disasters 
that are predicted to occur in the future. These include 
point-to-multipoint communication, which enables a 
single radio base station to accommodate multiple 
radio terminal stations, and narrowband technology 
that increases the number of channels that can be used 
simultaneously. 

At the same time, it is becoming increasingly 
important to determine the optimum locations to 
install radio equipment (generic name applied to 
radio base stations and radio terminal stations) in 
order to effectively use an advanced wireless system. 
However, with the ongoing reduction in the number 
of personnel having specialized skills and the increas-
ing difficulty of determining optimal locations for 

equipment installation, there is a growing need for 
technology that would enable even ordinary person-
nel to design station placement without needing to 
have the technical skills of a professional designer.

With the above in mind, we have made it possible 
to use wireless systems for disaster recovery more 
effectively by establishing techniques for cell and 
radio frequency planning that takes disaster recovery 
into account and by developing a tool for applying 
them. This tool enables ordinary personnel to easily 
determine the optimal locations for installing radio 
equipment. 

2.   Station placement design policies considering 
disaster recovery

The locations for installing radio equipment are 
determined according to policies and guidelines gov-
erning station placement design. Typical policies 
frequently established in mobile communications are 
set with certain objectives in mind, which include 
maximizing the communication area with as few base 
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stations as possible and no dead zones (Fig. 1(a)), 
maximizing the communication capacity to accom-
modate more terminal stations, and supporting high-
speed movement of mobile terminals to achieve 
smoother frequency handovers between base sta-
tions. 

However, station placement design policies that 
take disaster recovery into account are seldom seen 
anywhere in the world. At the time of a disaster, two 
policy objectives usually take on importance: (1) 
minimizing the unavailability factor of radio terminal 
stations by installing permanent radio base stations in 
a complementary positional relationship so that if one 
base station should fail another can accommodate 
more radio terminal stations, and (2) accommodating 
many radio terminal stations by reducing interfer-
ence so that more radio terminal stations than usual 
can be accommodated by reducing the effects of 
interference. The following station placement design 
techniques have been established in order to put these 
policies into effect.

2.1   �Minimizing the unavailability factor of radio 
terminal stations

This highly robust policy (Fig. 1(b)) for station 
placement design aims to minimize the impact of a 
previously installed radio base station that has 
become unusable due to disaster-related damage.

An optimal solution exists for determining the loca-
tions for installing two radio base stations based on 

traffic density (distribution density of radio terminal 
stations) and the probability of failing for each radio 
base station. In the study model shown in Fig. 2, the 
probability Pt of terminal station accommodation by 
two base stations can be given by the following equa-
tion. Here, x1 and x2 denote the locations of the two 
base stations, while parameter functions Ps(xl) and 
Ps(x2) each denote the probability of terminal station 
accommodation, and pf1 and pf2 denote the unavail-
ability factor of each base station.

�Pt(x1, x2) = (1 − pf1)(1 − pf2) · Ps(x1, x2) + 
(1 − pf1)pf2 · Ps(x1) + (1 − pf2)pf1 · Ps(x2).

In this equation, base-station unavailability factors 
pf1 and pf2 are determined by past results and by the 
disaster-recovery levels of the NTT communication 
buildings where the base stations are installed. Traffic 
density, meanwhile, is determined by the characteris-
tics of the area in which the disaster has occurred 
(traffic concentration etc.). Determining x1 and x2 so 
that terminal station accommodation probability Pt is 
maximized makes it possible to minimize the proba-
bility of terminal station unavailability. 

2.2   �Accommodating many radio terminal sta-
tions by reducing interference

A wireless system for disaster recovery, while 
capable of long-range communications, can experi-
ence interference if many units of radio equipment 

Fig. 1.   Concept of policies for station placement design.
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are installed. This is because the number of channels 
that each unit of radio equipment can support is lim-
ited, and failure to establish sufficient distance 
between radio equipment using the same channels 
can result in large mutual interference. 

There are several measures for reducing the effects 
of interference. A typical measure is to install a 
device (e.g., a filter) for reducing interference in the 
radio equipment itself, but this can increase the size 
of the equipment. However, interference can some-
times be reduced through operations that do not 
require the installation of new equipment. This can be 
done, for example, by (1) controlling transit power to 
reduce the amount of interference applied to other 

radio equipment, (2) adjusting the orientation of a 
directional antenna so it points away from other 
equipment, (3) allocating different radio channels 
from those of neighboring radio equipment, and/or 
(4) reducing the number of radio base stations 
(Fig. 3). However, determining how best to combine 
these measures is both important and difficult, which 
is why station placement design techniques are nec-
essary.

To reduce the effects of interference through opera-
tions, the same channels must be reused at locations 
that are as close to each other as possible, which is to 
say that the amount of mutual interference needs to be 
reduced by reusing the same radio channels. This can 

Fig. 2.   Study model.
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Fig. 3.   Methods for reducing interference.
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be achieved by optimizing the combination of mea-
sures (1) to (4) above. First, terminal stations com-
municating with the same base station are grouped 
together at short distances from the base station so 
that the transmit power of the base station can be 
minimized and the interference affecting other groups 
can be reduced (Fig. 4(a)). Next, radio channels are 
arranged so that base stations using the same chan-
nels are placed as close to each other as possible 
within the allowable range of interference (Fig. 4(b)). 
Finally, the transmit power of each base station is 
adjusted so as to fall into the allowable range of given 
interference (Fig. 4(c)). These steps are the key ele-
ments of station placement design techniques.

3.   Tool development

Station placement design traditionally requires 
advanced knowledge in wireless systems and exten-
sive skills in radio overall. At the same time, deter-
mining where to install radio equipment is becoming 
all the more difficult as wireless systems become 
increasingly diversified and sophisticated. For these 
reasons, developing a tool for applying station place-
ment design techniques would be of great benefit 
since it would enable ordinary personnel to obtain the 
same results as a professional designer even without 
advanced skills. The process flow of this tool is 

shown in Fig. 5. With this tool, a designer can per-
form station placement design by preparing a data-
base of candidate locations for installing radio base 
stations, a database of installation locations of radio 
terminal stations, and information on the wireless 
system.

4.   Support of high-accuracy station 
placement design

For this tool, we have adopted the method described 
in International Telecommunication Union - Radio-
communication Sector (ITU-R) Recommendation 
P.1812 for calculating propagation loss, the basis for 
station placement design. This is a general method for 
estimating propagation loss in the very high frequen-
cy and ultra high frequency bands that takes into 
account terrain effects such as shielding loss and dif-
fraction loss as well as ducting effects. It is used to 
calculate the terrain profile and evaluate loss for each 
propagation path with high accuracy.

Another method uses a building database to calcu-
late propagation loss with a high level of accuracy 
surpassing that obtained with the ITU-R P.1812 
method. The tool that we have developed makes it 
possible to import calculation results obtained using 
different propagation-loss-calculation methods by 
preparing a propagation-loss database with an adjusted 

Fig. 4.   Station placement design technique.
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format. This feature enables station placement design 
with even higher accuracy.

5.   Future development

The cell and radio frequency planning techniques 
and tool have been implemented for use with wireless 

systems for disaster recovery. The cell and radio fre-
quency planning techniques are independent of the 
wireless system and can be adopted in various types 
of systems. In future research, the plan is to apply 
these techniques to systems other than wireless sys-
tems for disaster recovery.

Fig. 5.   Process flow of station placement design.
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