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Abstract Yy
Basic probability assignment (BPA) has the key role in multi-sensor d@ on. This

paper proposed a way to determine BPA using the various signals acqui e sensors.
It described the analysis of signals detected by the senso x determi PA were used
for multi-sensor data fusion to infer and recognize theConte targe&\kya wireless sensor
networks. To determine BPA, the change rate was @ lated \s?e sed to be reflected.
The method enabled context inference using the sensor agn& when there was no
advanced information of the situation.

Keywords: Context inference, Basic @lllty{@nment Dempster-Shafer Theory,

multi-sensor data fusion s\
1. Introduction

There have been many ies of re the sensor attached objects and surrounding
environments by formln Iess sen tworks and acquiring the data detected by those

sensors. Heterogen o
Compared to the
heterogeneou
acquired fro

k sy! sisting of single sensor, the network system of
can deli etter context data. To infer the situation, the signals
sensors,a ocessed through the multi-sensor data fusion. Methods used

Sors de%t‘he changes of situations using different functions.

in multi-sens ta fusi de the statistical analysis, neural network, Kalman filter, and
fuzzy theory. The Ka Iter is widely used for inferring the location of moving objects
while the neural method is based on the learning theory. Dempster-Shafer Theory

(DST) of the st stical analysis and fuzzy theory require BPA. Ontology has been widely
used in existing stutlies of context awareness using wireless sensor network. It is a method of
acquiring text data and modeling it in advance and then matching the data from the
multi-s to the model. The weakness of this method is that the system would not be able
to e anything beyond what it modeled in advance. As the real world is so diverse, it
\@mt be possible to perfectly model all possible situations in advance. Data fusion with
DS ™s beneficial for context inference without any advanced information. Data fusion using
DST can calculate the belief and plausibility of each focal element using BPA. DST is
dependent on the BPA. How can BPA be calculated for context awareness when there are no
data and thus no model in advance? We have to calculate BPA to infer the situation. Then we
should consider the factors how the signals from the sensors relate to construct the context.
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BPA, which is assigned to the elements structured of sensing data, must reflect the
assessed level of contribution to the context by the signals. We propose a method of sensing
signal assessment suitable for context inference and present the way to infer the situation by
reflecting the sensing signal assessment. The objective of this study is to enable context
inference even for the case of exceeding the scope of advance model using it.

This paper is organized as follows: In Chapter 2, the related studies are described. In
Chapter 3, a way to determine BPA is proposed. In Chapter 4, the experiment and its
evaluation are described. Lastly, Chapter 5 presents conclusion.

2. Related Research

Studies of multi-sensor data fusion have recently gained much attention in many
fields. DST and fuzzy theory are important methods of data fusion. They haveal n
used in many studies, how to determine BPA, which are the important ele e%& ST
and fuzzy theory. @

*
2.1. Dempster-Shafer Theory and Basic Probability @ment @

DST is useful for situation reasoning throug ensor usion. DST is a
probability theory articulating the uncertainty o worl ogeneous elements
can be blended using DST. It contains the focal ents and BPA is assigned to each
of them. Then the belief and plausibility of eéfocal e\ t are calculated using the
assigned BPA. BPA has the following pfes [6,
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Provided that is defineﬁ univer%set, which consists of the exclusive
propositions and is the number of power, corporating all the possible combination

of the propositions. The the Ba%o ability Assignment. The value bel(A), is a
belief function equjv the agsigient values of the quantified total belief for
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combination,assh% W, §
hel(4) = 'Q‘ \.@a

v, for gl

The BPA is calcul med on the values of the total fusion system. Fusing the BPA
values, my,m,,...,m endently calculated from n modules, yields the following.
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Using the calculated belief and plausibility, it helps to assess each element of interest.
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2.2. Previous Works

T. Ali and P. Dutta proposed a method to determine BPA when minimum, maximum
and most likely values of the parameter are known. They developed an extended version
of uncertainty measurement in evidence theory in order to calculated total uncertainty
of the body of evidence [1]. A.O. Boudraa, A. Bentabet, F. Salzenstein and L. Guillon
proposed an image segmentation method based on DST. BPA is estimated in
unsupervised way using pixels fuzzy membership degrees derived from image
histogram [2]. Z. Zuo, Y. Xu and G. Chen proposed a method of rough set theory based
on random set and BP neural network to obtain the BPA [3]. Wen Jiang proposed a new
method to determine BPA based on the distance measure between the sample data under
test and the model of attributes of species [4]. \/’

The wireless network of heterogeneous sensors is better than the n mgle type
ﬁ«

3. Determination of BPA in Multi-sensors Data Fusion

sensors. That is because the real situations to be recognlz divers elements of
the situations are also in different forms. Sensors with d| f ctign and report the
situations differently, and that is why the multl-sens |on

Multi-sensor data fusion is targeted to heterogeata T@Ss the heterogeneous
data, they must first be converted to the same b ine. ourler tran rm can be used for that.
It transforms a real world signal into a p I ex havmg the sine or cosine
function as the basic function. Transfo he signa of different nature into the

expressions having the same basic func ena position and manipulation of the
signals. BPA described in this paper§s nIfIC at it transforms the heterogeneous

signal values or data into the valéh e natu blended.
3.1. Determination of BPA for text

For assess the signals @he Senso get the BPA, this study assumes the purpose of
determining BPA is fe the conteXt and that there are no data available in advance. The

procedure of deter A of oCal element is as follows:
First, the w; ess the sig detected and reported by the sensors are decided.
Second, t@ tor e signals from the sensors are defined when composing the
elements of in §
Third, signals repo% the sensors are assessed and normalized to conform to the basic
properties of BPA.
This study fo@n how to assess the signals reported by the sensors.

3.1.1. Se Signal

Ea inal node of wireless sensor networks has the built-in sensor. A sensor mote
the sensor unit to detect the surrounding environment, data processing unit, power
su unit, and communication unit to communicate with the network. The sensor detects
the change of the surrounding environment and decides whether it should be reported to the
host or not. The sensed data are reported to the host through the relay nodes and sync nodes.
The sensors sense at certain intervals which are determined by the user. The signals detected
and reported by the sensors are analog signals. The analog signals are converted into the
digital values by the A/D converter before they are transferred to the host. Sensing signals
transferred in digital form are assessed with consideration to context.
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3.1.2. Assessment of Signal

Signals sensed and reported by the sensors should be assessed in terms of change with time.
A context is more likely to be variable than fixed, and the change of the context mostly occurs
over time. When there is no information in advance, sudden change of the sensing value must
be noted. Assessment of the change of sensing value may have different guideline according
to the type of the sensor.

Sensors are not measured continuously. Even when the values are continuously measured,
the continuous analog signal is converted into the digital signal by the A/D converter before it
is reported. From the host’s point of view, the values reported by the sensor are the discrete
data. As more data are reported, the accumulated sensor measurements may show a specific
pattern. We assess the acquired signals using such guideline and reflect such assessment |n
BPA calculation.

Assessment of Variation Rate OE

Measured(temperature)
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Figure 1. (a) Reported Val e@ (g:\rent Rate and Average Rate

The sensed temperature t), and F 2@&,), the average variation rate is %ZﬂﬂFk for
the time to t to,.. \

As the varlatlon r% Iinear%ion that passes (0, 0) and (tn, f(tn)), we can
measure the diff betwe rrent rate and average rate with the angle
0=a—f. S@ make @ is angle for assessment of the sensed values.

n
-1Fn
@3 tana — tan Fn— Zk;ll
n en = =
1+tanatanf

n
- F
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For tan value in [0, ], it can transformed sing, that have value in the range
[0, 1]

sin® 1
tanf, = ——=— so, sinf, = |1 ————
t n /1-sin?6, , ' n 1+tanZ0,

Set sin 6, is a,, we can define the A, with the f(t) sent by temperature sensor. We
can derive A, for mass function,

An

A. =
n 2&:1 9%
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We can calculate B, C,, as the mass function of the other sensors with the same way.
We showed the way of assess the signals to determine BPA. BPA should assign to each
focal element for the multi-sensors data fusion with DST. In DST, the focal element can
be considered as ‘probable events’, ‘factors affecting the context’ or ‘assumption’.
They are the elements of the context to be inferred with wireless sensor networks. The
multi-sensors data fusion processing can be enabled even with the heterogeneous
elements if BPA is assigned to each focal element.

4. An Experiment and Evaluation

We adopted temperature, illumination and sonic sensors. The host received the value from
sensors every 10 seconds.Tablel shows various values from 3 kinds of sensors at each 10
seconds. The 3 kinds of sensors are temperature, illumination and sonic. ed
meaningful variations and reported them as events to the host through the sink f?

Table 1. Reported Values .

Time(s) Temp(°C) |||Um(|)l¥9\° )
0 20 1% U W
10 21 g \% 40

20 21.5

jg Zi i @% 155 s&@ 38
50 20.8 A 28

60 2 @ 170 32
70 ’\ % 180 35
Q 7.2 \Q

80 200 70

90 300 40

We can calculate t ation rate with the reported values. Table 2 shows the variation
rate at its timeslot.@

Table 2. The Variation Rate at its Timeslot
Tim Temp(°C) IMlum(lux) Sound(dB)
\ 4

@ 0 0 0

10 0.073 0.120 0.174

20 0.079 0.133 0

30 0.132 0.113 0.086

40 0.009 0.065 0.111

50 0.049 0.040 0.206
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60 0.109 0.131 0.116
70 0.156 0.129 0.011
80 0.200 0.130 0.260
90 0.188 0.134 0.033

We made the focal elements with the combination of three sensors. @, hy, hy, hs, hyUhy,

h;Uhs, h,Uhs, Q and are focal elements in this case.(h;: Temperature sensor, h,: Illuminated

sensor, hs: Sound sensor) We can derive the fusion object with the variation rate. Table
3shows the result of the belief and plausibility from the BPA of each focal element [5]. Table
4 shows the final result of the data fusion processing.

\/‘
Table 3. The BPA, belief and plausibility of Two Fusion qu

Focal * A @"I
element | M h, hs hUh,  hU h\ Uhs
0074 0120 0174  0.194 @X 7 VZ81 m(A)
('jr:;tia' 0074 0120 0174  0.389 bel(A)
0557 0744 0610 0. 0. 879\69925 1 pI(A)
0112  0.188 N N0 0301 m(By)
:jr;;t):t 0112  0.188 K 603 s\g\)@ 0283 1 bel(By)
0716  0.887 811 0887 1 pI(B)

Table 4 ﬁalcm@%ehef and Plausibility

A

\Y4
Focal Q
element hy \\ 2 h;Uh, h; Uhg h,Uhg Q

Q 082 0.240 0.002 0.101 0.101

m 0.34;
bel 0 0.082 0.717 0.215 0.525 1.000
cmn 0.474 784 0.287 0.341 0.103 0.2021 0.101

pl O.@ 0.784 0.287 0.816 0.557 0.869 1.000
»
20
C) 0.80 -
0.70 -
0.60 -
0.50 - = el
0.40 -

=pl

0.30

0.20 pl-bel
0.10 A

0.00 A T T T T T
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Figure 2. The Fusion Result
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This chapter describes the experiment of assessing the signals acquired through the sensors
and reflecting the assessment in BPA. The experiment is conducted in the following
procedure:

1. Awireless sensor network is constructed using 3 types of sensors.
They are temperature, illumination and sonic.

2. Signals reported to the host by each sensor are assessed in the way proposed in
Chapter 3.

BPA of each element of interest is calculated based on the assessment.
4. DST based multi-sensor data fusion is calculated using BPA.
L 4

The context is inferred referring to the belief and uncertainty of each @( of

interest.
5. Conclusion ﬁ
The wireless sensor network is constructed using u |s obtain clearer
information. The context can be inferred using the d val y the sensors, and
the multi-sensor data fusion is used for that. In thls Raper, we p d a way to determine

without having the information in advance i ed beca is impossible to obtain the

information of various situations in real W adva Sihce the signals detected by the

sensors affect the context or related to 0 ext the signals must be assessed
e%

BPA using the signal values detected by the sm@s to mferge context. Context reasoning

with consideration to the changes an of th g values when determining BPA.
We assessed the signals detecfed report by the sensors by checking the change rates

at specific time intervals and nted a WE\N nalyze the pattern of the sensor measured

values to assess them base on the dis ith reference to a specific value. Since the

signals detected by the selygofs are reI to the elements of the context, the experiment
proved that the ass néof sensing, values helped context reasoning. BPA determination
through signal ass gxw prop |s paper is significant that it can be used for context
reasoning and arenes when there is no information in advance.
Acknowled nts

Funding for t g@vas provided by Namseoul University.
References

. Zuo, Y. Xu and G. Chen, “A New Method of Obtaining BPA and Application to the Bearing Fault
Diagnosis of Wind Turbine”, Proceedings of the 2009 International Symposium on Information Processing
(ISIP°09), (2009) August, pp. 368-371.

[4] W. Jiang, “A New Method to Determine BPA in Evidence Theory”, Journal of Computers, vol. 6, no. 6,
(2011) June.

[5] U. Rakowsky, “Fundamentals of Dempster-Shafer theory and its applications to system safety and reliability
modeling”, RTA, (2007), pp. 3-4.

[6] A. P. Dempster, “New Methods for Reasoning towards Posterior Distributions based on Sample Data”, The
Annals of Mathematical Statistics, vol. 37, (1996), pp. 355-374.

Copyright © 2014 SERSC 7



International Journal of Smart Home
Vol.8, No.1 (2014)

[71 A. P. Dempster, “Upper and Lower Probablities Induced by a Multivalued Mapping”, The Annals of
Mathematical Statistics, vol. 38, (1967), pp. 325-339.

[8] V. N. Hamed, Z. Kamran and N. Nasser, “Context-Aware Middleware Achitecture for Smart Home
Environment”, 1JSH, 7, (2013) January 1, pp. 77-86.

[91 W. Mo and Z. Ding, “A Novel Template Weighted Match Degree Algorithm for Optical Character
Recognition”, IUSH, vol. 7, no. 3, (2013) May, pp. 261-270.

[10] H. Kim, “Diversity of Mobile Distribution Systems”, 1JSH, vol. 7, no. 3, (2013) May, pp. 355-364.

Authors

Shinsook Yoon, she received the M.S. degrees in computer
engineering from Hoseo University in 2008. Her research interests
included in stream data processing and data fusion in wireless,senser

network. ?\
&

Chang-Keun Ryu, he |393fessor%\/seoul University. He

received the B.S. degree%electro ngineering from Dankook
University in 1981, an S. and . In electronic engineering

from Dankook Univ, research interests are included in
data fusion in wwe{ nsor and system architecture.
A ’\

0 *A‘h, he received the M.S. degrees in computer
Hoseo University in 2005 and the Ph.D. in

omput cience from Chungbuk National University in 2012. His
a&’erests included in stream data processing and data fusion

s sensor network.

8 Copyright © 2014 SERSC





