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Abstract—The use of Device-to-Device (D2D) communication in
various networks is expected to grow in the coming years. The
D2D distance-based device sociality service is affected by
distance awareness between the D2D devices. Thus, the wireless
distance awareness between smart devices should be
accomplished easily, accurately, and immediately. When smart
devices are used in the distance-based distance sociality service,
the smart device needs to know the distance to other smart
devices in order to aware the space sociality. Several methods,
such as receive signal strength indication (RSSI), time of arrival
(ToA), and time difference of arrival (TDoA), can be used to
aware the distance between D2D devices. Among these methods,
the RSSI system can aware the D2D distance easily and
inexpensively because most smart devices can estimate the
received signal strength. However, estimating the distance using
a RSSI is difficult due to inaccuracies. We conducted a
preliminary test to discover the relationship between the actual
distance and a Bluetooth RSSI under near field environment.
Through the results of this test, we realize that the near field
distance is hard to be classified due to the inaccuracy of
Bluetooth RSSI. Therefore, in this paper, the near field distance
awareness algorithm is proposed to reduce measurement errors
by alleviating fluctuations in a Bluetooth signal. To evaluate the
effectiveness of the proposed algorithm, the distance awareness is
compared using different filtering algorithms, such as, a low-pass
filer (LPF), a Kalman filter, and a particle filter under a meeting
room environment. The proposed algorithm showed the best
results in terms of the coefficient of determination, standard
deviation, and measurement range.
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I. INTRODUCTION

The distance-based device sociality service means that the
device sociality service is dependent with distance between
smart devices. Device sociality describes social relationship
between network-equipped objects. Similar to socialization
process of human beings, devices may accumulate social
relationship from their interactions. Social interactions such as
sharing data and resources can be monitored and analyzed to
identify the relationship between the devices. With the derived
device sociality, devices can discover trustable objects to
securely exchange services and resources [1]. The smart
devices within same space have a space sociality. The devices
nearby are classified to several regions according to the
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distance  between smart devices. The Near field
communication (NFC) region is about within 10 cm, wireless
body area network (WBAN) region is about within 1~2 m,
wireless personal area network (WPAN) region is about
within 10 m, and wireless local area network (WLAN) region
is about within 100 m. For each region, different distance-
based device sociality services can be applied. The privacy
service can be activated between D2D devices in NFC and
WBAN regions, the group service can be activated between
D2D devices in WPAN region, and the public service can be
activated between D2D devices in WLAN region [2].

To support distance-based device sociality services between
smart devices, the distance awareness between smart devices
should be performed easily and accurately. Several methods,
such as the received signal strength indication (RSSI), time of
arrival (ToA) [3], and time difference of arrival (TDoA) [4]-
[7], have been used to estimate the distance between smart
devices. The ToA and TDoA need precisely synchronized
devices and extra hardware increasing the cost, respectively.
Because an RSSI uses the received signal strength from
another device, the distance estimation can be performed
easily and inexpensively [8]-[10]. However, the RSSI is an
inaccuracy method because of noises, obstacles [11].
Nevertheless, RSSI can become the most used technology of
distance estimation due to its low cost [12]. These reasons, we
propose the near field distance awareness algorithm using
Bluetooth RSSI to increase the accuracy of the distance
awareness. To evaluate the effectiveness of the proposed
algorithm, a near field distance awareness is compared using
different filtering algorithms. Experimental results show that
the proposed algorithm showed the best results.

The outline of this paper is as follows. Section Il we
describe the near field distance awareness algorithm using
Bluetooth RSSI, and the experimental results are then
provided in section Ill. Finally, some concluding remarks are
given in section V.

1. THE NEAR FIELD DISTANCE AWARENESS ALGORITHM
USING BLUETOOTH RSSI
The Bluetooth RSSI is used to measure the distance
between smart devices because it is widely used in a lot of
mobile devices nowadays. To see the inaccuracy of near field
distance using Bluetooth RSSI, we tested the relationship
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between distance and Bluetooth RSSI in a meeting room
environment.

A. Relationship between Near Field Distance and

Bluetooth RSSI

A tablet PC was used to measure the Bluetooth RSSI from
a notebook PC in a meeting room environment as shown Fig.
1. A total of 200 samples were measured from 0 to 30 cm at 5
cm intervals. The result of this test is shown Fig. 2. The
average RSSI values from 0 to 30 cm are -32.47, -33.70, -
35.12, -37.09, -37.81, -39.02, and -39.72 dBm, respectively.
The standard deviation (SD) values are 1.11, 5.08, 4.74, 4.86,
1.07, 5.08, and 0.99 dBm, respectively. The measurement
range (MR) values, which are the difference between
maximum and minimum value at each distance, are 5, 73, 68,
70, 7, 76, and 4 dBm. The mean values of the standard
deviation and measurement range are 3.3 and 43.29 dBm,
respectively. As shown the result, it is hard to classify the near
field distance between devices when RSSI raw data is used.
Thus, for classifying the near field distance, the filtering
algorithm should be used to reduce the measurement error.

Figure 1. The relationship test between near field distance and Bluetooth
RSS! in a meeting room environment.
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Figure 2. The relationship result between near field distance and Bluetooth
RSS! in a meeting room environment.

B. Near Field Distance Awareness Algorithm

The near field distance algorithm is consisted of two steps

for real time because the proposed algorithm is based on an

average values. In the first step, a low-pass filter (LPF) is used

until the k-th RSSI is received, as shown in Eq. 1.
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R, =aR, 1+ (1 —a)R, (1)

where n is the number of data instances, a is a constant
value larger than O and smaller than 1, R, is the n-th RSSI
measurement value, and R, is the consequence of the n-th
initial filtering.

When the k-th RSSI is received, the filtered RSSI values are
calculated and passed to the second step to filtered RSSI
values. The filtering method of the second step is shown
below, as seen in Fig. 3. First of all, the average from / to k is
calculated. And then, the first filtered RSSI value is set to the
average RSSI value. The difference value between the
measured RSSI value and the average RSSI value is
calculated, and the ratio value is then measured using these
values. If the ratio value is small, small RSSI measurement
errors will occur. The correction value is measured using the
ratio value and correction constant. If the constant value is
small, the measurement error is further increased, and the
change becomes more sensitive. The calibrated value is
measured using the average value, the difference value, and
the correction value to reduce measurement errors. The
filtered RSSI wvalue is measured using the recursive
mechanism with the calibrated value to eliminate the high
frequency. The parameters are updated to filter the next RSSI
value.
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Figure 3. The near field distance awareness algorithm

I11.EXPERIMENTAL RESULTS

To see the effectiveness of near field distance awareness
algorithm, distance estimations using raw RSSI, LPF, Kalman
filter, particle filter, and proposed algorithm data from the
meeting room are compared. The Bluetooth RSSI values were
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measured from 0 to 30 cm. The polynomial regression (order
2) is used to estimate the distance as shown in Fig. 4.
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Figure 4. The regression result of the near field distance awareness
algorithm

The results of the comparison test in the meeting room
environment are shown in Table 1. The R-square value of the
raw RSSI, LPF, Kalman filter, particle filter, and EC-LPF data
is 0.303, 0.795, 0.812, 0.903, and 0.985, respectively. The R-
square value of the proposed filtered data is the best R-square
value.

The average standard deviation (E(SD) = Y./_,(SD);/7) of
the raw RSSI, LPF, Kalman filter, particle filter, and proposed
filter data is 3.3, 1.1, 1.0, 0.8, and 0.2, respectively. The
average standard deviation of the proposed filter data is also
the best average of all standard deviations. The average
measurement region ( E(MR) = Y7_,(MR);/7)) of the raw
RSSI, LPF, Kalman filter, particle filter, and proposed filter
data is 434.3, 9.6, 8.8, 4.0, and 0.9 dBm, respectively. The
average measurement region of the proposed filter data is also
the best average of the measurement regions. The results of
the proposed filter data are the best results for all comparison
factors in the meeting room environment.

Table 1 The results of the comparison test

distance estimations using raw RSSI, LPF, Kalman filter,
Particle filter, and proposed filter data were compared under a
meeting room environment. The experimental results indicate
that the proposed filter data are better than those of other
methods for all environments tested. Therefore, the near field
distance region can be classified more clearly when the
proposed algorithm is used.
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