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Abstract— The distance estimation between mobile devices is a
fundamental issue for a lot of applications of indoor wireless
body area network (WBAN). The RSSI have been used to
estimate the distance based on the received signal strength from
another mobile device. Theoretically, the signal strength is
inversely proportional to squared distance, and there is a known
radio propagation model that is used to convert the signal
strength into distance. However, in real environments, it is hard
to measure distance using RSSI because of noises, obstacles, and
the type of antenna. Distance estimation using RSSI in real-world
applications is still questionable because of inaccuracy. However,
RSSI could become the most used technology of distance
estimation from the cost/precision viewpoint because of low cost.
Mobile devices need to recognize each other in office
environment automatically. However, distance estimation using
the RSSI of Bluetooth is difficult because of large deviation of
RSSI value. This paper provides the experimental results of RSSI
measurement between mobile devices in office environment. And
it applies the Low Pass Filter (LPF) to reduce the deviation of
RSSI value. This paper shows that the distance estimation to
recognize WBAN area is possible clearly when Bluetooth RSSI
LPF data are used.

Keywords— Bluetooth, RSSI, Distance estimation, WBAN,
Office environment.

I. INTRODUCTION

There are many applications for Wireless Sensor networks
(WSNs) in military and civil applications [1]. The distance
estimation between mobile devices is a fundamental issue for
lots of applications of indoor WSNs, such as a Bluetooth and
Zigbee. Distance estimation identifies the distance between
two devices in wireless network. Such estimates are also an
important component of localization systems, because they are
used by the position computation and localization algorithm
components. Different methods, such as RSSI, time of arrival
(ToA), and time difference of arrival (TDoA), can be used to
estimate the distance between mobile devices. Nowadays, a
lot of location systems have tried to estimate the distance
between mobile devices using different models in wireless
networks. For example, the Active Badge System used an
infrared signal [2]. Cricket, developed at MIT, uses TDoA
method [3]. Global Positioning System (GPS) uses ToA [4].
RADAR, developed at Microsoft, uses RSSI to estimate the
distance [5]. SpotON is a RSSI based ad-hoc localization
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system [6]. In this paper, we discuss the distance estimation
using Bluetooth RSSI.

The rest of the paper is organized as follows. Section II
describes related work. In section III, we describe WBAN
RSSI characteristic in office environment. Some concluding
remarks are finally given in Section IV.

II. RELATED WORK

RSSI can be used to estimate the distance based on the
received signal strength from another machine. The longer the
distance to the receiver machine, the lesser the signal strength
at received machine. Theoretically, the signal strength is
inversely proportional to squared distance, and there is a
known radio propagation model that is used to convert the
signal strength into distance. However, in real environments, it
is hard to measure distance using RSSI because of noises,
obstacles, and the type of antenna. In these cases it is common
to make a system calibration [7], where values of RSSI and
distances are evaluated ahead of time in a controlled
environment. Some experiments [8] show errors from 2 to 3 m
in some scenarios. Distance estimation using RSSI in real-
world applications is still questionable because of inaccuracy
[9]. However, RSSI could become the most used technology
of distance estimation from the cost/precision viewpoint
because of low cost [10]. A. Awad et al. [1] presented
intensively discuss and analyze approaches relying on the
received signal strength indicator. It showed that even for
noisy indoor environments an average positioning error of
50cm on an area of 3.5 x 4.5 m is possible by choosing the RF
and algorithm parameters carefully based on empirical studies.
S. Feldmann et al. [11] also presented an indoor positioning
system based on signal strength measurements, which were
approximated by the received RSSI in a mobile device.

RADAR was developed at Microsoft and used RSSI to
estimate the distance [5]. It is based on an 802.11 Wireless
LAN. A building-wide tracking system based on the IEEE
802.11 LAN wireless networking technology. RADAR
measures the signal strength and signal-to-noise ratio at the
base station, and then it computes the position within a
building using these data. RADAR’s scene-analysis
implementation has position error within about 3 meters with
50 percent probability.
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II1. WBAN RSSI CHARACTERISTIC IN OFFICE
ENVIRONMENT

We tested the relation between the distance and Bluetooth
RSSI in office environment as shown in Fig. 1. This test is
performed in the direction of east (E), west (W), north (N),
south (S), northeast (NE), and northwest (NW).
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Figure 1. The office structure for testing P2P signal strength characteristic
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We have measured Bluetooth RSSI with a notebook and a
Nexus 7 in office environment as shown in Fig. 2. We
measured 200 samples at each meter.
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Figure 2. Bluetooth RSSI mesurement test in office environment.

The results of these experiments are shown in Fig 3. The
RSSI values of east, west, south, north, northeast and
northwest directions are shown in Fig. 3 (a) ~ Fig. 3 (f),
respectively. The distance estimation for recognizing WBAN
area is possible with the RSSI raw data coarsely in case of
north and northwest direction. However, it is hard to
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distinguish WBAN area in the other directions. So, we applied
the low pass filter (LPF) to distinguish WBAN area more
clearly. LPF equation is (1). The received signal strength (7},)
is the RSSI value receiving from the other mobile device at n.
And the LPF value (R,) is the RSSI value of LPF at n. The
constant (o) has a value that is bigger than 0 and lower than 1.
Rn:aRn-1+(1_ a)T;’l . (1)
When the LPF is used, WBAN area can be distinguished
more clearly as seen Fig. 3, where (o = 0.9). There are
partitions in the all directions except east direction. So,
WBAN area is clearly distinguished without error in some
directions. And there are a few errors in the others directions.
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(a) RSSI value of the East direction
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(b) RSSI value of the North direction
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(c) RSSI value of the West direction
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(d) RSSI value of the South direction
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(f) RSSI value of the Northwest direction

Figure 3. The Bluetooth RSSI measurement result in office environment

We show the experimental results of northwest and east
directions in Table I and Table II, respectively.

TABLE I. THE EXPERIMENTAL RESULT OF NORTHWEST DIRECTION
RSSI raw data LPF
Northwest Outside of Outside of
Direction WBAN WBAN WBAN WBAN
area area
area area
Min. value -72 -99 -58.6 -86.5
) dBm dBm dBm dBm
Max. value -50 -65 -53 -69.2
- va dBm dBm dBm dBm
Overlap 7 dBm -11.4 dBm
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TABLE II. THE EXPERIMENTAL RESULT OF EAST DIRECTION

RSSI raw data LPF
East Outside of Outside of
Direction WBAN WBAN WBAN WBAN
area area
area area

Min. value -82 -94 -64.2 -83

- vau dBm dBm dBm dBm
Max. value -52 -59 -50 -65.9

) dBm dBm dBm dBm
Overlap 23 dBm -1.7dBm

In northwest direction, when RSSI raw data is used, there is
an overlap region, 7dBm, between WBAN area and outside of
WBAN area. However, when LPF data is used, there is a gap
about 11.4dBm. In east direction, when RSSI raw data is used,
there is an overlap region, 23dBm, between WBAN area and
outside of WBAN area. However, when LPF data is used, there
is a gap about 1.7dBm. As the experimental results, we can
distinguish about 1m in case there is the partition and about 2m
in case there is no partition using the LPF data.

IV.CONCLUSIONS

This paper addresses the distance characteristic of
Bluetooth RSSI in office environment. It is hard to classify
into inside and outside of WBNA area using the RSSI raw
data even if there is a partition between mobile devices. This
paper shows the LPF for reducing the RSSI value deviation.
The LPF data shows better result than RSSI raw data.
However, LPF data need to be improved for estimating
distance more exactly. So, we will design a new algorithm to
estimate distance with Bluetooth RSSI.
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