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Fuzzy-Based Indoor Positioning by Using the Neighbor
Points

Chih-Yung Chen, Shen-Whan Chen, Yu-Ju Chen, and Rey-Chue Hwang

Abstract—This paper presents a fuzzy-based indoor
positioning system (IPS) by using the information of neighbor
points to estimate the location of object. An 8x8 square meters
indoor area was used as the experimental area. In the
experimental field, the received signal strength (RSS) of 288
points, 392 points, 440 points and 704 points were sensed and
collected by a hexagonal positioning station which is composed
of six printed-circuit board SPARKLAN AX-106M antennas
and Zigbee module. The sensed RSS values are then used to be
the information of fuzzy system for the object’s position
estimation. From the experimental results shown, the proposed
IPS and fuzzy estimation method do have the accurate
positioning performance and indeed has the potential in the real
application.

Index Terms—Fuzzy, IPS, neighbor points, RSS.

I. INTRODUCTION

Due to the rapid development of wireless communication
techniques and personal networks, IPS has been widely used
to locate people and objects in the indoor environments and
several survey reports are also presented [1]-[3]. For instance,
in large shopping malls, airports and hospitals, IPS can be
used for navigation. IPS can also be used as the rescue tool
while the disaster was happened in a large building. It is able
to help the rescue team to find those people who need the
help.

A complete IPS is mainly composed of two parts, i.e., the
positioning estimation algorithm and the sensing hardware
infrastructure. The positioning estimation algorithm is a
calculation method for determining the object’s location. So
far, triangulation [4], [5], scene analysis [6], [7] and
proximity [8], [9] are three main estimation algorithms used
as the positioning works. Each algorithm has its specific
advantages and disadvantages. For sensing hardware
infrastructure, many wireless communication technologies
have been wildly used in the sensing system of IPS. However,
due to the demand of different functions and equipment, the
sensing hardware infrastructure can be classified as wireless
local area network (WLAN) [10]-[12], wireless sensor
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network (WSN) [13], [14], radio frequency identification
(RFID) [15], [16], Bluetooth [17], [18] and Zigbee [19], [20],
etc.

In recent years, due to the application of expert experience
becomes increasingly important, fuzzy theory has been
widely used in different fields. It is a theory which can
formulate human knowledge in a systematic manner and put
it into the mechanism developed for a specific using. Thus,
fuzzy theory used for IPS development has also been studied
in several articles [21]-[27].

In this research, a fuzzy-based IPS is used to perform the
object’s location estimation. The positioning station
composed of six printed-circuit board SPARKLAN
AX-106M antennas and Zigbee modules is used to sense the
RSS signals [28]. The detailed IPS hardware, fuzzy
calculation model and positioning experiments will be
described in the following sections.

Il. IPS HARDWARE INFRASTRUCTURE

In our study, IPS is developed based on the wireless
sensing network technology. The whole IPS includes
positioning antenna array design, signal strength acquisition,
reference database construction and positioning algorithm
[29]. The positioning sector antenna array is composed of six
SPARKLAN AX-106M antennas. The Zigbee module is
used for transmitting and receiving signals. The sector
antenna array is shown in Fig. 1. The whole IPS structure is
presented in Fig. 2 which includes IPS station and
positioning device.

Fig. 1. The sector antenna array.

It is known that fuzzy theory was initialized by Professor
Lotfi Zadeh in 1965. It has been widely applied into many
fields including the various engineering and social science
applications [30]. Basically, a fuzzy system is a
knowledge-based or rule-based system. Its heart is a
knowledge base consisting of many fuzzy IF-THEN rules.

Fuzzy ESTIMATION ALGORITHM
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The IF-THEN rule can be treated as an IF-THEN statement
which standards an expert knowledge or experience.
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Fig. 2. IPS structure.

A completed fuzzy system is mainly composed of four
parts, i.e. fuzzifier, fuzzy rule base, fuzzy inference engine
and defuzzifier. The fuzzifer plays the role to make the crisp
information become the fuzzy information. It generates a
mapping from a real-valued point to a fuzzy set. Contrary,
defuzzifer plays the role to make the fuzzy information
become the crisp information. It is a mapping from a fuzzy
set to a real-valued point. The fuzzy rule base is composed of
a set of fuzzy IF-THEN rules. Each rule is created based on
the knowledge or experience of the expert. It is the heart of
the whole fuzzy system. The fuzzy inference engine can be
treated as a fuzzy logic principle. It combines the fuzzy
IF-THEN rules in rule base to obtain an appropriate mapping
from a fuzzy set in fuzzifier to a fuzzy set of defuzzifier. Fig.
3 shows the fuzzy estimator developed for our IPS.
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Fig. 3. Fuzzy estimator.

In our study, the coordinate of object is expected to be
estimated by fuzzy IPS. At here, let C be a set of class vectors,
i.e. IPS reference database, which is given by

((Xn.VJ; (Rlll Rlz; "'IRlﬁ))l

C= ((er.)/z)l (Rzu Rzz;---r RZG))I
ey ((Xmlym)l (lel Rm2/ '"IRmé_)_)

(1)

{(xl,yl),(xz,yz),...,(xm,ym)} are the coordinates of

reference positions and {(Ry1, Rio, ..., Rig),+.er (Rmz, Rmase-
Rme) } are six RSS signals sensed on the reference nodes. Now,
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we assume RSS signal vector sensed at a blind node (xy, yy) is
(Rt Rozyeey Ryg) , then the fuzzy rule base can be constructed
by the following m fuzzy IF-THEN rules.

RuM: IF R, isRy and R, is Rz and ... and R, is Ry,
THEN (Xb:X:E Yo=Y1). R R

Ru@: IF R, is R,y and R, is Ry and ... and R, is Ry,
THEN (X=Xz, Yb=Y2).

Ru™: IF R is Rms and R,, is Rmz and ... and R, is Ry,
THEN (X6=Xm, Yb=Ym)-
If there are N points in the reference database, then m =1,

2, ..., N. In the fuzzy mechanism, the fuzzifier is Gaussian
function which can be expressed by

_ (ﬁ’m‘ _Rmf)T(ébi _Rmy)
20°

U(R,., o) =exp ],i =1,2,..6 2

o is the smoothing parameter of Gaussian function.

The fuzzy inference engine is the combination of the
product inference engine with algebraic product for t-norm
operator. The fuzzy relation inference value then can be
calculated by

H(R,,0) = pt(R,1,0)* u(R,z,0)* .. * u(R,,0)  (3)

The center average defuzzifier listed as follows is used to
estimate the coordinate values of object position.

ixmy(Rm,a)

L @
2 H(R,,0)
) ©)

> 4(k..0)

IV. EXPERIMENTS

In our research, an 8x8 square meters indoor area as
shown in Fig. 4 is used for the experiments. In order to test
the superiority of IPS and fuzzy estimation method
developed, the RSS signals for 288 points, 392 points, 440
points and 704 points by IPS system are collected. The
sensing points of 288, 392, 440 and 704 are presented in Fig.
5(a) to Fig. 5(d), respectively.

Positioning Embedded system

h Fig. 4. The experimental area.

In order to decrease the noise disturbance caused by the
unnecessary reference nodes, only ten reference nodes those
have the closest RSS signals between reference node and



International Journal of Future Computer and Communication, Vol. 7, No. 3, September 2018

blind node are selected for doing the positioning calculation.
In other words, for each blind node, only 10 closest neighbor
points are used in fuzzy positioning estimation.

In first experiment, 288 sensing points are used as the
reference nodes of IPS, and then test the positioning
accuracies of other three sets of blind nodes, i.e., 392 points,
440 points and 704 points. Table I lists the mean absolute
errors of positioning estimations under the 288-based
reference nodes.

TABLE I: THE POSITIONING ERRORS OF 392, 440 AND 704 POINTS BASED
ON 288 REFERENCE NODES

392 points 440 points 704 points
° MAE (cm) MAE (cm) MAE (cm)
6=0.01 49.6483 80.7379 50.1186
6=0.02 45.9866 72.6805 46.8152
6=0.03 44.1506 64.6079 45.7756
0=0.04 45.2568 61.0226 48.2526
6=0.05 47.7577 61.4149 51.9893
5=0.06 50.7182 63.2862 55.5901
06=0.07 53.4909 65.0631 58.5567
0=0.08 55.6987 66.5014 60.7889
6=0.09 57.3451 67.6033 62.4138
6=0.1 58.5591 68.4348 63.5979
@
(b)

©
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(d)
Fig. 5. The diagrams of sensing points.
In second experiment, 392 sensing points are used as the
reference nodes, the other three sets of blind nodes, i.e., 288
points, 440 points and 704 points are tested. Table 11 lists the

mean absolute errors of positioning estimations under the
392-based reference nodes.

TABLE II: THE POSITIONING ERRORS OF 288, 440 AND 704 POINTS BASED
ON 392 REFERENCE NODES

288 points 440 points 704 points

° MAE (cm) MAE (cm) MAE (cm)
6=0.01 53.2433 38.3618 43.5007
6=0.02 51.6871 37.5093 41.4810
6=0.03 50.7746 39.4499 41.3907
0=0.04 52.7392 45.2504 46.0379
6=0.05 56.6001 52.0326 51.8982
6=0.06 60.2394 57.7474 56.9473
06=0.07 63.1585 61.8788 60.7150
5=0.08 65.3008 64.7063 63.3549
6=0.09 66.8318 66.6512 65.1977
0=0.1 67.9398 68.0207 66.5085

In third experiment, 440 sensing points are changed to be
the reference nodes, the other three sets of blind nodes, i.e.,
288 points, 392 points and 704 points are tested. Table IlI
lists the mean absolute errors of positioning estimations
under the 440-based reference nodes.

TABLE Ill: THE POSITIONING ERRORS OF 288, 392 AND 704 POINTS BASED
ON 440 REFERENCE NODES

288 points 392 points 704 points

° MAE (cm) MAE (cm) MAE (cm)
0=0.01 71.0395 17.8032 30.4742
6=0.02 65.0459 18.1327 29.6772
0=0.03 59.1310 22.7253 32.3687
0=0.04 58.1032 31.1503 39.1646
0=0.05 59.2758 39.1492 46.2156
6=0.06 60.8408 44.8615 51.4007
0=0.07 62.3473 48.6798 54.9012
5=0.08 63.5094 51.2720 57.2675
6=0.09 64.3671 53.0657 58.8952
0=0.1 65.0014 54.3311 60.0415

In last experiment, 704 sensing points are the reference
nodes, and the other three sets of blind nodes, i.e., 288 points,
392 points and 440 points are tested. Table IV lists the mean
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absolute errors of positioning estimations under the
704-based reference nodes.

From the experimental results shown, it is clearly found
that the positioning errors become more and more accurate if
more reference nodes are obtained. The best positioning
MAE could reach to 0.0835 cm under 704-based reference
nodes.

TABLE IV: THE POSITIONING ERRORS OF 288, 392 AND 440 POINTS BASED
ON 704 REFERENCE NODES

288 points 392 points 440 points

° MAE (cm) MAE (cm) MAE (cm)
6=0.01 4.1529 0.0835 3.1418
6=0.02 8.3464 2.4429 7.3441
6=0.03 21.1941 12.2807 19.1347
0=0.04 34.0465 24.3425 32.0262
6=0.05 42.3385 33.4878 41.3185
5=0.06 47.3073 39.5509 47.2433
6=0.07 50.4972 43.4366 50.9298
6=0.08 52.6107 45.9678 53.2863
5=0.09 54.0444 47.6720 54.8571
0=0.1 55.0490 48.8594 55.9480

V. CONCLUSION

This research presents a sectored antenna array indoor
positioning system by using fuzzy estimation algorithm. Four
experiments were executed based on different reference
database. From the experimental results shown, we found
that the positioning errors performed by fuzzy estimator
become more accurate under the case of more reference
nodes are obtained. Besides, in each experiment, the
positioning accuracy is highly related to the ¢ vale. In fact,
such a situation is foreseeable. It means the closer neighbor
point should have larger weight and play more important role
in the positioning performance. We believe that the
positioning accuracy could be greatly improved if there are
more reference nodes could be obtained. It also means that
the proposed IPS system developed do have more potential in
its real application.
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