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Abstract

*
Three basic properties of radio signal, such as received signal strength (RS Mf
flight, and angle of arrival, are commonly used in estimation of distance for ﬁ Ifg of

a target. Among them, the positioning technique based on RSS attrac more
interests of researchers due to its high feasibili eallzatl ver, the

ty i
performance of the conventional positioning scheme on R S|gn|f|cantly
degraded than that of TOA or fingerprinting scheme, because

-Dased

of e mponents from

multipath and shadowing effects. In this paper, th t| ng scheme, which

defines RSS difference of arrival (RDOA) I|keW|se e dlffer f arrival (TDOA) to

mitigate error components, is proposed an erform of position estimation is

experimentally analyzed in indoor enwrg@ The perf ce of the proposed RDOA
schem

scheme is compared with that of conve W|se TOA scheme with respect
to the fixed AP selection case, the b cha % , and the adaptive AP selection
case, respectively. According tg t rlment T it |s shown that a high accuracy in
position estimation also can E ieved the RDOA scheme compared to the
conventional scheme Iikewi A, whil Y\ DOA scheme can provide less standard

deviation than the conve al schemg\'

Keywords: Pos@RSS TQ% TOA, WLAN

1. Introd
Accordi a rep nforma Telecoms & Media and the Wireless Broadband
Alliance (WBA), it cted that the number of Wi-Fi hotspots for public increases by
350% in the next ears [1]. With the increasing popularity of wireless networks, the
positioning serwic for mobile devices likewise location-based service (LBS) has drawn
consider attention in recent years [2, 3, 4]. For an example, some hospitals have
rvice solutions based on Wi-Fi for real-time positioning and tracking of
in order to increase utilization of equipment and to reduce costs of

nce and purchase. In school, attendance of student can be tracked by tracking
%r Wi-Fi laptop or tablet PC. If a laptop or a tablet PC is lost, it can be also tracked

hroughout the campus by using the wireless local area networks (WLAN).

manufacturing field, goods can be tracked for shipping while they are moved to different
locations inside and outside of warehouse.

All those applications and services utilizing wireless networks rely on location
information, which describes the position of each target. To obtain the location
information of a target, a two-step positioning algorithm is usually considered. In the first
step, signal parameters, likewise TOA, RSS, AOA, TDOA, are measured. As the second
step, then, the position of the unknown target is estimated with the signal parameters
obtained in the first step. Positioning techniques using angle or time estimation are
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relatively complex to implement because of the difficulty of estimation especially in a
multipath environment, compared to the RSS-based techniques [5, 6]. Moreover, the
TOA-based scheme needs synchronization between the access point (AP) and target
mobile devices, which makes the system more complex, while the TDOA-based scheme
needs synchronization among APs. Meanwhile, the RSS-based positioning technique
attracts much more interests of researchers due to its high feasibility in realization because
the RSS values are easily recorded and can be collected in advance in wireless network.
Therefore, RSS-based scheme is considered as the most suitable technique to estimate the
position information of active targets in indoor environments such as offices, hospitals,
shopping mall, and banks.

Generally, the RSS-based positioning scheme is a straightforward way to estimate the
location of a target with distance estimation likewise TOA-based scheme or fingerprinting
scheme. However, the performance of the conventional positioning scheme based gn RSS,
is significantly degraded than that of TOA or fingerprinting scheme because, 0
components from multipath and shadowing effects [7, 8]. Moreover, the fi ing
scheme needs a laborious works that have to collect RSS data for every spotfa f time,

which takes lots of time [9, 10].

In [11], the performance of the RSS-based scheme IlkeME%OA scleghe avas analyzed
by considering various situations, such as different po n installed APs.
Then a scheme selecting adaptively APs and a sch ngl were introduced
for enhanced performance. In this paper, the RSS ed posi scheme exploiting
RSS difference of arrival (RDOA) likewise A is Rro d and its performance of
position estimation is experimentally analy indoor e ments.

The rest of the paper is organized S describes the experimental
environments. Section 3 discusses t %) 0se @ positioning scheme. Section 4
compares the performance of th %osed R&o heme with that of conventional
scheme likewise TOA scheme n arlous tuations. Finally, conclusions are given in
Section 5.

2. Experimental ngdnme t&Q
<
onin

To evaluate th ance of considered schemes in a real indoor radio
propagation ean ent, the eriments were implemented in the ground floor of
general bu' cate wangwoon university. The dimensions of the test area are
11m by 9nmNaith an ar m?. Fig. 1 gives the layout of experiments. Note that the
interval between gri '5m. The six reference APs, from AP1 to AP6, are installed at
fixed position in g area. A target moves along the boundary of a rectangular space,

which is with y 6.5m. The blue line represents the boundary of the rectangular
space an triangles indicate the position of reference APs, while the green
guadran resent the measurement position of the target. The target was a laptop,
0Dsp74k, equipped with surrounding antennas through screen. The AP was ZIO-
1 that operates in 2.4~2.4835GHz. Its output power was 20dBm. 802.11b/g/n
@ " scheme was considered. The target was fixed at 60cm height above ground in
environments. At each test point, the antenna of the laptop will receive all the signals
from AP1 to AP6 at the same time. In order to raise accuracy, the measurement was
repeated eight runs for every spot and then distance error was averaged to mitigate
unstable values of RSS and Gaussian noise.
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Figure 1. The L%&{ f ExpﬁQq nts (unit: meter)

3. Position Estimation ods ‘\6

3.1. TDOA-Based Posj stimatia®hod

In conventiona mT\?%heme Qﬁ?ce is estimated by using measurements of time of
flight under assurni at the@t d APs are synchronized. Given with the estimated
distance, p of the takget IS estimated by finding a point of intersection of three
circles. In tional scheme, meanwhile, the measurements of time difference
of arrival under assumi nchronization of APs is used for position estimation of target,
which is estimate inding a point of intersection of two hyperbolic curves. The
measurement o A provides the time difference when the signals from different
reference APs ‘age’received. With the information of TDOA and known position of
, @ hyperbola whose foci are at the known position of referencing APs can
d the estimated position of the target must lie on the hyperbola. In two-
plane, at least three referencing APs are necessary to estimate the position of
own target. As shown in Fig. 2, under noisy environments, three different
ections can be obtained with three reference APs in TDOA positioning scheme. For
examples, one estimated position is the intersection of hyperbola from AP2, AP3 and
hyperbola from AP1, AP3 as shown in Fig. 2 (a).

By changing the benchmark AP3 to AP1, another estimated position, which is
determined with the hyperbola from AP1, AP3 and the hyperbola from AP1, AP2, can be
obtained as shown in Fig. 2 (b). Note that the third position is obtained with the hyperbola
from AP2, AP3 and the hyperbola from AP1, AP2. Let (Xo, Yo) denotes the coordinate of
the target, d, denotes the distance between the target and reference AP n, and (Xn, Yn)
denotes the coordinate of the referencing AP n. Then, the basic relations are derived as
follows:
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df =(x; _-"-’n}z +0n - }’n}z

di = (x;—x)" + (2 —3)?
' €]

drE = [:r,l—x[,}z+ [Trl _TD]'Z

where d, is the distance between the target and the referencing AP n, and n is the total
number of reference APs.

Hyperbola from AP2 and AP3

~

Estimated PC
Position

AP3/\

Hyperbola from AP1 and AP2

Hyperbola from AP1 and AP3

(b) TDOA scheme based on AP1

Figure 2. Principle of TDOA positioning scheme
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When the difference of distance from a reference AP n to the reference AP1 is defined
as Adn=ds-d: and the AP1 is considered as the base AP, the above equations can be
rewritten as:

df = ':I:L_ID:]: + _}'D:]:

(dy + Ad;) = (x3—xp)* + (2 — 3’ 2

(dy + 8dy)* = (xn— %0)" + (0 — 30)°

\ 2
By subtracting the first equation from all the equations, (2) can be rewritten as?u
—(xy — 2 )2 — (2 — ¥)¥p = Adad, + - (Ad; — x5 — Y7 + %] % ¢ %
1
—lrg — xydowg — (yy — )y = Adad, +3 (Ad3 — :OQi +'1:]VV

1 _
—Cen —xyJxp — O — 3 )yp = Bdpd, + E':ﬂ T _.'fr?d‘%‘ ¥i)

3)

Q.
weaen N @
where 5&
ﬂm@‘ v Ad —x3 — i + a1+
H= x\fﬁ. Q — _a'::l'ig h=—%‘id5—x§_%’!‘+xi+}’f
o

Yo — W ] —A dp — %5 — Vo + 21+ 9]

~ Iyl dpl A
ares es@non of this equation is given by
£= {HT®”{dla+ By (5)

3.2. Pro DOA-Based Position Estimation Method

T entional RSS-based positioning technique likewise TOA scheme, which is
s RSS of arrival (ROA) for convenience, also estimates the distance among the
and APs by using RSS measurements, and the position of the target is estimated by
finding a point of intersection of three circles. Meanwhile, the RSS-based positioning
scheme based on RSS difference likewise TDOA estimates the position of a target by
finding a point of intersection of two hyperbolic curves. The RSS value from each AP is
recorded at each measurement point and converted to the distance data based on log-
normal shadowing model. Then the estimated coordinates of each point can be calculated
with the same process as the above TDOA-Based method. For the RSS-based techniques,
however, we can easily find (dia+b) of the equation (5), and thus, by inserting Ad,=d,-01
into a and b, it can be rewritten as follows:
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<} + 97 - di = (< + 3% )
d1g+ l|_:;| = E Ii +.1J"‘!‘ - di —.I:Ii +.1J'1:|: - d{:l

xap+ i —di— (xf + ¥ —df) (6)

It is worth to notice that the equation (4) with the above result of equation (6) is the
same with TOA-based scheme in [12], although the equation (4) is driven for TDOA
scheme. In other words, regardless of the TOA-based or TDOA-based positioning
schemes, the same positioning result will be obtained with the difference of distance
Adn=ds-d1, when d, is used as the measured distance based on the RSS; value.

In this paper, the difference of RSS values is defined as A RSS; = RSS;, -RSS; and it is
used for RDOA scheme in our experiments. In the RSS-based method, as well known, the,
distances are computed based on log-normal shadowing model, which is mathemat

described as 0
RSS[dBm] = B, — 10 x N x log () \* ‘

()
where Do is 1m, Py is the RSS value at referenc e, and@e( coefficient is set
to N (=1.6). If the RSS value is measured, the dist etwee rget and the AP can

be calculated as follows:
o ©

L J
(Fg-RSS %\ .\@
D=Dy-10"wn’ N ®)
A9 .o

In real environments, ever, th lue is affected by path loss and shadowing
effects. The path los es to dissipation of signal power over distances, while
shadowing results,ff: Q‘Iection ttering. Because of the impact of shadowing effects
to the signal pro n in theffidoorenvironment, the RSS tends to be weaker and more
unstable as the, Bistance betweernthe receiver and transmitter increases, and it causes the
increase @ tlmatia A s with the real distance [13, 14]. Therefore, the RSS value

idedin '0@

can be divid to two , real RSS value and error component, as follows:

rass[am]@r L )

where\kepresents the real RSS value at the receiver from AP n, I, is the error
compo om the physical effects on the measurement channel, such as multipath and
S g effects. Therefore, the difference of RSS value, ARSS;, between AP n and
@ be rewritten as follows:

ARSS, = RSS, —RSS, = By +1, - B —1, = B, — B, + Al, (10)

With the equations (8) and (10), the measured difference of distance, Adn, can be

represented as follows:
Pp—ARSS,
Ad, =Dy -10" oW
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Fu— FD_FI _'||n ‘I

_DD 1n* 10-8 (11)

Note that the difference of real RSS values, Pn-P1, has more influence on the difference of
distance, Ad,, if the Al, is a Gaussian random variable with zero mean. By plugging (11)

into (5), therefore, the estimation position of target, x , can be achieved.

4. Performance Evaluation through Experiments

4.1. Positioning Performance with Fixed APs Case

In this section, the errors of positioning schemes were evaluated through experiments
with fixed APs. Three APs are selected to form a triangle and the inside erro Were'
separated from the outside errors, if the target was placed inside the triangle

shown in the Fig. 3, AP2, AP4, and AP5 form a triangle, while AP1, AP2 6 orm
another triangle. The RSS were measured at six fixed testing spots e green
quadrangles with numbering 1 to 6, for comparing th |oh|ng % Iinside and
outside spots of these triangles. The positioning errors en es ordinate and
real coordinate via RDOA and ROA methods are Tab e 1 able 2. For the
triangle formed by AP245, the errors of the |nS| sting sp 1 and spot 2, are
much smaller than those of the outside testing, spotS, spo spot 4. Similarly, the
testing spot 4, which is inside the triangle forfec y A éis the smallest positioning
error compared to other spots outside the,téiarigle. BeS| S, three different positioning
errors at each testing spot can be calcu@mth di benchmarks of hyperbola. For a
comparison, the positioning error b |s given on the right column of

different spots. Based on th entakr , it can be deduced that the inside errors

the Table. Figs. 4 and 5 prowdj; ison of smon error of the two methods at 6
of the triangle were much lo m& tsrde errors. However, there is no big
r

difference in three diffe positio ors caused from the changes of hyperbola
benchmark. In the Io analysi efore, only the result with smallest positioning
error will be glve §

Table 1. nlng@rs %Ith AP245 based on RDOA and ROA Methods

~ Error of RDOA method (m) Error(?]:)ROA
Test spot A\’B{&mark AP2 | Benchmark AP4 | Benchmark AP5
1 1.6909 1.6893 1.6907 2.0479
Z\& 2.2581 2.2586 2.2573 2.4075
N v 5.0153 5.0180 5.0149 3.4521
Nl 5.7399 5.7438 5.7412 3.6119
5 4.6993 4.7002 4.7006 3.6720
6 47413 4.7405 47457 4.6640
Mean error 4.0241 4.0250 4.0251 3.3092
Std. devi. 3.6687 3.6720 3.6708 2.1173

Copyright © 2016 SERSC 115


http://www.sersc.org/journals/IJSH/

International Journal of Smart Home
Vol.10, No.10 (2016)

Table 2. Positioning Errors with AP126 based on RDOA and ROA Methods

Error of RDOA method (m) Error of ROA (m)
Test spot Benchmark AP1 | Benchmark AP2 | Benchmark AP6

1 6.2951 6.2831 6.2846 106.7221

2 5.0118 5.0061 5.0058 9.6115

3 2.9961 2.9934 2.9927 9.4799

4 1.6408 1.6417 1.6432 0.3753

5 4.0297 4.0298 4.0346 12.1781

6 6.7179 6.7162 6.7200 6.1454
Mean error 4.4486 4.4451 4.4468 24,0854

Std. devi. 4.3641 4.3576 4.3591 90.9804
£
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Figure 4. Comparison of Positioning Errors with AP245
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Estimated errors via RDOA and ROA based on AP126
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4.2. Positioning performance with base AP cha@

Because of the movement of the target, in tic en\m\a( nt, it is difficult to
decide if the target is inside or outside of the@gle for y 3 fixed APs. As for the
positioning performance in general situati positionihgTesults at each test position
were evaluated by all 6 reference AP g th s the one with the largest RSS
value at the receiver is selected as t WO other reference APs, which
will be used in the RDOA me h selecte the left 5 APs. Thus, 10 different
estimated results, which are@ er oi Ce inations of 2 APs taken from 5 APs, are
considered and are averaged at“each te it Table 3 provides the average estimated
error at each position. a comp he estimated results by using ROA-based
method with the samtﬂg&P cha cheme are also given in the table. As shown in
the table, the R \ sitionin %hod can achieve smaller mean error and standard
deviation of erpogsN compar ROA method. By comparing the positioning
ixed case, moreover, it is shown that the performance of the base

AP changi is en@

Table 3. Posm@g Errors based on base AP Changing Scheme with all 6

,Q Aps

Average absolute of the estimated error (m)

Test position Error of
N~ i RDOA method E”"r(‘rﬂ)ROA
O (m)
O 1 3.6262 24.8178
@ 2 3.6586 0.8510
3 3.6351 3.8843
4 2.4969 1.4020
5 5.2462 6.4022
6 3.1325 4,0663
Mean error 3.6326 6.9039
Std. devi. 2.0357 20.1305
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4.3. Positioning Performance with Adaptive AP Selection Case

With the experiment results of RSS-based positioning method, it can be confirmed that
a stronger RSS can enhance the performance of position estimation if APs are placed
nearby targets. If the target is inside the triangle formed with three APs, moreover, the
scheme using three APs can provide outstanding performance, compared to the scheme
using 6 APs. It is because performance enhancement can be more achieved with a further
reliable RSS value than with unreliable RSS values from more APs. With all the RSS
values from six different APs, therefore, the adaptive AP selection method [11] is
employed to evaluate the positioning performance of the RDOA scheme.

Table 4 provides the errors of RDOA and ROA methods based on adaptive scheme. By
comparing with the previous two cases, the positioning performance is enhanced for both
schemes. Note that it comes from the advantage of adaptive scheme. Under the adaptive
scheme, a high accuracy can be achieved by the RDOA as well as the ROA techiiques.
However, it is worth to notice that the RDOA scheme can still provide les d
deviation than the conventional ROA scheme. v

Table 4. Positioning Errors with Adaptive@e&ecti% e
Test position Error of 4&\( \

RDOA me ror of

(m) Qv

1 2.6 5665
2 rg‘* '\6.1@189
3 _ 15 11741
4 34330 N/ 35474
5 ,JK' 5540\ N"| 46488
6

N \‘(—’ .3@% M 4.2435
Mean erfor | 2.7667

Standargh devi. @236 3.4819
5. Conclusion&\o

In this p@@SS-base&tioning scheme exploiting the RSS difference likewise

time TDO ropos its performance of position estimation is experimentally
analyzed in ndoor ment. The performance of the RDOA scheme is compared
with that of conven OA scheme likewise TOA scheme with respect to the fixed
AP selection ¢ base AP changing case, and the adaptive AP selection case,
respectively. Ing to the results, it is shown that the proposed RDOA positioning
method canfachieve smaller mean error and standard deviation of errors, compared with
ROA mﬁ%r the base AP changing case. As for the adaptive AP selection case, it is
show, a high accuracy in position estimation can be achieved with the RDOA
e@ompared to the conventional ROA scheme, while the RDOA scheme can provide
andard deviation than the conventional scheme.

Acknowledgments

This work was supported by the ICT R&D program of MSIP/IITP. [(B0101-14-0436),
Cooperative Wearable Device for Connected & Secured Smart Life].

118 Copyright © 2016 SERSC


http://www.sersc.org/journals/IJSH/

International Journal of Smart Home
Vol.10, No.10 (2016)

References

[1] Global Trends in Public Wi-Fi. http://www.wballiance.com/resource-center/wba-industry-report/.

[2] K.Yun,Y.Jo, N.Kim, U. Jo, S. Yang, and Y. Kim, “A Practical Indoor Position Estimation by Using a
Laptop Computer Equipped With Sensors”, International Journal of Smart Home., vol. 7, no. 4, (2013),
pp. 27-36.

[3] J.Li, B. Zhang, H. Liu, L. Yu, and Z. Wang, “An Indoor Hybrid Localization Approach Based on Signal
Propagation Model and Fingerprinting”, International Journal of Smart Home., vol. 7, no. 6, (2013), pp.
157-170.

[4] H. Su and S. Moh, “Comparative Performance Study of Localization Schemes in Wireless Sensor
Networks”, International Journal of Smart Home. vol. 8, no. 1, (2014), pp. 95-102.

[5] X. Chaiand Q. Yang, “Reducing the calibration effort for probabilistic indoor location estimation”, IEEE
Transactions on Mobile Computing., vol. 6, no. 6, (2007), pp. 649-662.

[6] S. Golden and S. Bateman, “Sensor measurements for Wi-Fi location with emphasis on time-of-arrival
ranging”, IEEE Transactions on Mobile Computing., vol. 6, no. 10, (2007), pp. 1185-1198.

[71 L. Ma, C. Zhou, D. Qin, and Y. Xu, “Green wireless local area network received signal stren

dimensionality reduction and indoor localization based on fingerprint algorithm”, International J 1’
Communication Systems., vol. 27, no. 12, (2014), pp. 4525-4542.

[8] C. Chen, C. Lee, and C. Hsu, “Mobile device integration of a fingerprint biometric rem thon
scheme”, International Journal of Communication Systems., vol. 25, no. 5, (2012), pp. 5

embedding (SSLLE) approach for indoor wireless networks,” Personal nications., vol.
67, no. 4, (2011), pp. 879-893.

[9] V. Jain, S. Tapaswi, and A. Shukla, “Location estimation based n seml su Q aIIy linear
[10] S. Mitilineos, “Blind position location via geo constructl ereless Personal
;Q

Communications., vol. 60, no. 4, (2011), pp. 665-677.

[11] H. Jeon, U. Jo, M. Jo, N. Kim, and Y. Kim, “An Ad AP SelecN eme Based on RSS for
Enhancing Positioning Accuracy”, Wireless Person mmunlcatlo vol?69, no. 4, (2013), pp. 1535-
1550.

[12] Y. Liu and Z. Yang, “Location, Locahzatlonqanﬁ 1zab111ty” S\l er, New York (2011).

[13] A. Goldsmith, “Wireless Communications” brid UnlverSIty Press (2005).

[14] K. Azadeh, K. Plataniotis, and A. nopou Posmonmg Systems”, Cambridge:
Cambridge University Press (2012)

@ ‘«@?OFS

Qangqla Jlng received the B.S degree from Qingdao
aiversit ce & Technology at Communication Engineering,
ingdao, a, in 2008, and the M.S. and Ph.D. degrees in
elegtr engineering from Kwangwoon University, Seoul, Korea
in nd 2015, respectively. In 2015, he joined the School of
atics, Linyi University, China, as a faculty member. His

%rch interests include ultra-wideband system, embedded system,
and high accuracy positioning system.

Nammoon Kim received the B.S. degree in electronics
engineering from Kwangwoon University, Seoul, Korea in 2011. He
is currently working toward the Ph.D. degree at the Kwangwoon
University. His research interests include ultra-wideband wire-less
communication systems, high precision positioning techniques and
system.

Copyright © 2016 SERSC 119


http://www.sersc.org/journals/IJSH/

International Journal of Smart Home
Vol.10, No.10 (2016)

Youngok Kim received the B.S. degree in mechanical engineering
from Yonsei University, Seoul, Korea in 1999, and the M.S. and
Ph.D. degrees in electrical and computer engineering from the
University of Texas at Austin, Austin, in 2002 and 2006, respectively.
From 2006 to 2008, he was a senior researcher at Infra Laboratory of
Korea Telecom (KT), Seoul, Korea. In March 2008, he joined the
Department of Electronic Engineering of Kwangwoon University,
Seoul, Korea, as a faculty member. His research interests include
ultra-wide band wireless communication systems, OFDM-based
systems, precise ranging and location systems, PAPR reduction
techniques, diversity techniques for wireless systems, and multiple-
access schemes in multicarrier systems.

120 Copyright © 2016 SERSC


http://www.sersc.org/journals/IJSH/



