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Abstract \/’

With the increasingly development of Light-emitting Diode (LED) lighti n " this
paper, we proposed an Indoor Visible Light Posmonmg (VLP) Scheme by u visible
LED lights for accurate localization. The basic idea of the |t|ton sc improve
received signal strength ratio algorithm. Received si SSR) is the
relative ratio of optical powers detected between and o eceiver. In this
paper, we introduce concept of multiple LEDs ¢ on to o RSSR positioning
algorithm. By three LEDs are reasonably selected the muI EDs deployed in the
room, the positioning accuracy of RSSR is i d The m can be employed easily
because it does not require additionalss and occ problem in visible light

would be alleviated. In addition, we pe the si r@lon experiments, and confirmed
the feasibility of our proposed meth \

Keywords: Visible Light,@@ng, Re@d signal strength ratio, Multiple LEDs
selection, Occlusion. Q\

Indoor posm niTe ystem %have become very popular in recent years. These
systems prg a 'servicexcal automatic object localization and there are many
real-world § ations a@uploy the techniques. A lot of positioning techniques using
GPS, RFID, Bluetoot iFi [1, 2] have been investigated. Nevertheless, there is no
perfect method for r positioning analogous to using GPS in outdoor positioning
systems. Aside the expense, RF-based systems also have disadvantages with
security and sa issues because RF signals can go beyond the room [3]. RF signals are
also uns@itable to use in hospitals, airplanes, or certain hazardous environments.
Moreov; ost all existing methods have limitations such as low accuracy and poor
i though decades of research have sought a viable method, there is still no
r indoor positioning that is cheap, accurate, and widely available [4].
netheless, in recent years, an approach for indoor positioning using visible light
light-emitting diodes (LEDs) has received attention from some researchers. LEDs
have many desirable properties such as low power consumption, low voltage, long
lifetime, small size, and cool operation, and hold promise as being viable position sensors
[5, 6]. This provides an unprecedented opportunity for visible light positioning (VLP) to
overcome deficiencies in other methods. With the rapid development of LED technology,
illumination systems using LEDs will be deployed in almost every building and they can
be used to build indoor positioning systems with just a little extra cost. This is particularly
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very useful. Although previous studies have used visible light for indoor positioning [7-8],
none achieves high accuracy or simple implementation.

These position methods based on LEDs mainly include image sensors [9], received
signal strength (RSS), and time difference of arrival (TDOA) [10]. For indoor
environment, the short distance between transmitter and receiver, which leads to the
transmission time of the signal is very short, and require of the accuracy and
synchronization of the transmitter and receiver are very high, which makes the TOA and
TDOA technology difficult to achieve. In addition, it requires at least three anchors to
obtain the plane-domain (2D) localization and four anchors for 3D localization. The RSS
technology is one of the solutions for indoor positioning using visible light. RSS
fingerprints can be easily obtained for most off-the-shelf equipment such as Wireless or
ZigBee compatible devices. But RSS technology is easily affected by the indoor
environment and multipath effect. When an electromagnetic wave propagates and
encounters objects such as walls and floors, reflections, diffraction, and scatteringsgccur
RSS is influenced not only by the distance but also by any obstacles be e
transmitter and receiver [11]. Moreover, it is influenced by multipath effects=Thds, RSS
is sensitive to the above factors.

South Korea S.Y.Jung et.al [12] first proposed the received ‘signal¢dstpength ratio for
indoor visible light positioning Method. This algorithgiNha$ the a ges of high
theoretical accuracy and low system complexity. paper, we uce concept of

multiple LEDs selection to improve RSSR positio gorithl\\/

2. Related Theory and Work OQ ‘\9

*

2.1 Outline of Proposed System %\ ,\@

We shall present first an outline@e system \ﬂg the design details of the VLP and
improved RSSR model to followi bsecti Figure 1 shows an outline of our system
structure. Our system is setUp=ify a room m%%ring 5x5x3 m°. In next chapter we will
give detail VIP and prop position r design.
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Figure 1. Ouﬂl% e@ Structure
First, we use six LED lamp, &Jminatio \ccess points that they continuously
transmit different position inf nina ed room. When a people (target) with
photoelectric transducer in mobie device nter the room, the RSS information from
six LED lamps will be@ected b hese RSS information will be import to

Multiple LEDs selecti rithm whiCle1s descripted in next section. In this algorithm,
three LEDS are ’m@ly sele@e%tjo as the source of parameters in RSSR position
algorithm. The fi timat itlon obtained by RSSR position algorithm will be
transmitted a term@w IFI network.

é‘LP System

2.2 Design and Mod

In the indoor stem, LEDs at a fixed position in the ceiling emits light signals
with position ation. The VLP system widely used in indoor positioning is
iIIustrateg ia Figbre 2. We see that the position of each LED panel is specified once the

distance e outer panel to its nearest wall is known [13]. The receiver can be placed
anyw6 der these LED panels

%
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Figure 2. Position Model of VLP System

The light signals are decoded and demodulated after being detected by the light sensor
carried by the moving target. Next, using the position algorithm, the position ‘&f the*

moving target is analyzed based on the position information. The comm\ifijeation
structure of the VLP system is depicted in Figure 3. O
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Figure 3. The Comr@atiors&‘ re of VLP System

In VLP system, the rec % er cou expressed using the distance between
transmitter and receiver. The ved er is inversely proportional to the square

of distance. Assuming the Ilght d from LED and reflected from the walls
having a Lambertlan pattern, impulse response at the receiver of the direct
and reflected Ilg D Iarr%glven by equation (1). It is used in our simulation
[14].

| =R
1)
Where is the recei wer also described as received signal strength (RSS) is the
average transmitted %al power H(0) is the impulse response of the direct light given by

Eq. (2), N
~(m+
| H(0) = 2205 (@) T ()g(@)cos()
)
In uations above, are the irradiance angles of the light from LED. d is the

nd g(p) are the optical filter and concentrator gain. m is the order of Lambertian
sion, which is related to the semi-angle at half power ®,,, by the equation (3):

=
@

2.3 Improved RSSR Position Algorithm

We load signal information into three LEDs at three different time slots, and the optical
power values received by such three LEDs are PR;, PR, and PR; respectively. Using Eq.
(1) (2) (3), the RSSR between two LEDs, RSSR;,, is calculated by taking the relative

% between the transmitter and receiver. is the physical area of the detector in the
e

In2
In(cos(®1))
2
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ratio PRyPR; and is given by Eq. (4) as below:

m+3

(4)

For the same, RSSRy; is calculated by taking the relative ratio PRyPR3 as below:

m+3
RSSF&SZ r1: K/dl :(d_3)m+3
Pra KidgM*+3 dy

Figure 4 shows the two possible trace of the object in the ratio of d»d; and dyd; from
LED; and LED,, LED, and LEDs;.When the distance ratio dyd; is Ry, (LEDy, LEDy, h),
are the coordinates of each LED lamp in the ceiling, and (x; y; 0) are t %t
coordinates at a random position on the floor, so we can deduce below equa @“

\/(x—LEDZ )2 + (y - LED2 )2+h2 \* @
\/(x LEDL, )2 +(y - LEDL ) 2 12 COQ v/

N\
0\9
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LED3 LEDI?»Y R13LED1Y

(- -
é)h RE3 1Ry

%{(LEMX—LEDB )+ (LEDL, - LED3, )%} ~h?
~RE)?

(7)

As a special case of Ry, or Ryz, the trace of (x; y) is more simplified to a straight line.
By Eq. (7), we can calculate MD’s coordinate (x; y).

(6
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Figure 4. Position Trace of the Detector Satisfying Receiv igpal
Strength Ratio (RSSR)

From Eg. (4) and (5), we can see that the MD positi huge error if
occlusion problem occur or the distance between T ere e introduce six
LEDs as input parameters of RSSR position algor Under d|t|on of six LEDs,
the number of LED combinations can be sglecte for pecies. A reasonable
selection LED combinations can improve he positi erformance In this paper,
we propose a LEDs combinations prmmp

First, three LEDs cannot be a collm S ribution because equations will
be no solution. Furthermore, these E u&s truct strong signal acute triangle
structure. It means that three si trlan le meet:

a2+b2>=02,(a>b>c)

(8) mg‘
Where a, b, and the

researches [15 - positiont

triangle. On th@, we rified this conclusion by simulation. Simulation

results sho osi%err r of an obtuse triangle greater than straight and acute

'st’éﬁe between each LEDs. According to previous
accuracy is poor when a small angle exists in the

triangle. Figure shows ree of LEDs combinations. The Coordinates of LEDs are
(0.5, 0.5), (4.5, .5), (0.5, 4.5), (2, 0.5), (2, 4.5). We divided the closed room

0.5)
into three LEDs C:@aﬁons that they are (LED;, LED, LEDs), (LED,, LEDs;, LED,),

and (LED,, L Ds), respectively. We obtain the primary coordinate of MD by
triangle positi from three LEDs combinations. And then system selects an
appropria s combination as parameters output to RSSR algorithm. The flow of
Multipl s selection is shown as Figure 5 (b).
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Figure 5. (a) Algorithm A@ation N , (b) Flow of Three LEDs
@ electio
3. Simulation Result aﬁd&scussié\%

To investigate the f ility of oposed method, we performed simulation
experiments. We bggi troducing tie simulation environment and then give results
and a discussion a rison o ts from various position determining methods.

Using the M platfo esimulate the system established earlier configuring
the room as described in Section. 2. The specifications of the LED

array and d in Table 1. The coordinates of the LEDs are (0.5, 0.5),
4.5), (2, 0.5), (2, 4.5) and the shadows on the floor are the
illumination area ighting equipment is installed at a height of 0.5 m below the
ceiling. 1000 sjyfulated points are equally spaced in the room. Each simulated point will

be at a distance .16m from its neighbors. It not only makes sure the accuracy but also
is feasible\%iactical application.

&

Copyright © 2016 SERSC 151


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

International Journal of Smart Home
Vol.10, No.12 (2016)

Table 1. The Specification of LED and Room Model

Parameters Value
Room model 5%5*3 m?*
Coordinate of LEDs (0.5, 0.5), (4.5, 0.5), (4.5,4.5), (0.5,4.5), (2,
0.5), (2, 4.5)
Experiment points 1000
Semi-angle at half power 70°
FOV at a receiver 60°
Gain of an optical filter 1.0
Detector area in PD 1.0 cm?

Figure 6(a) shows the distribution of estimation distance errors in all over the room. It
is easy to see that at the region near the walls and especially near the cornem, The*
performance is not good compared to that at the center. This is because the refle t
has more impact than the direct light in these regions. On the whole, t of the
experiment points in the whole room is near a mean valug, Positioni sult did not
appear too large fluctuations in several simulations. Fig )’shov@ustcgram of
the estimation distance error. We see that the distance i ess% .0 cm at most

regions in the room. The average error is about 7.0@ \\/

Distance Error [mm]

152 Copyright © 2016 SERSC


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

International Journal of Smart Home
Vol.10, No.12 (2016)

Number of Simulated Points |"o)

i - %3
Distance Etvor [m) 0

e S S
Figure 6. (a) The performance of positioning Itis a ribution of
estimation distance error. (b) Histograr@ tim at@ﬁnce error

In order to estimate the performance of_.proposed m tho we simulate several
mainstream positioning methods in the s@mputer onment to compare their

advantages and disadvantages. Table 2 sh comparl result of various positioning
methods. From Table.2, we can that e position error based on
Fingerprint-database is the smallesbg e thalx posed method is about 6.9 cm.
Compared to the RSSR met o@ improve of proposed method is that the
maximum error is reduced. M&J we nofigeythat although the accuracy of Fingerprint
method is relatively high, its™tunni i Is very long. The positioning time of
Fingerprint is about sev imes m an that of our proposed method because each
point needs to ma ntlre ata e to produce the best results. For practical
applications, rea s also important factor. Proposed method has obvious

advantages in t

@ole 2. & mparison result for different methods

Methods Average position | Maximum error Running time
error (cm) (cm)
Fingerprint d?base 5.6 9.2 Long
Multi sion 10.2 18.9 Medium
;%& 7.2 14.3 Short

P@ssé method 6.9 10.6 Short

advantages of positioning by improved RSSR algorithm in VLP system proposed
in our paper are a) high efficiency as a result of avoiding many iterations and integral
calculations and b) high accuracy especially when the obstacle happens in a room. The
position error was mainly caused by measurement error, noises, and reflections from the
wall.
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4. Conclusion

In this paper, we propose an indoor visible light positioning based on improved RSSR
algorithm. Using the RSSR, circle or straight line equations are obtained and the crossing
point of the equations indicates the position. Based on it, we introduce concept of multiple
LEDs selection to improve RSSR positioning algorithm. The positioning accuracy is
improved by proposed method. The simulation results show that our system can achieve a
high accuracy estimation of 7.0 cm in average. The advantages of proposed system are
that the error could be alleviated when obstacle happens and high efficiency. As a future
work, the proposed positioning system will be implemented and experimented.

Acknowledgment

This work was financially supported by the Program for Chang Jiang Scholars and
Innovative Research Teams in Universities (No. IRT13064), Guangdong Innovatiye”
Research Team Program (No. 2011D039, Shenzhen Science and Technolog
JCYJ20140417110601162 N0.JSGG20130922112354765), and National cience
Foundation of Guangdong-Key Basic Research (No.2014A($0’8013).

References Q \/

[1] Gu. Y and Lo. A, “A survey of indoor positioning for wir Msonal network”, IEEE
Commun, Survey Tutor, vol. 11, no. 1, (2009), pp. 2.

[21 Rahman, M.S, Haque, M.M, Kim and K-D, “Ind®gr pesitioni D visible light communication
and image sensors”, Int. J. Electron. Commuyn. I.1, no. 2, , pp. 161-170.

[3] Tan. K and Law.C, “GPS and UWB inteé ion=for indoo@itioning”, Int. Conf. on ICSP, (2007),

Sanyin N
sitionir&% s for Wireless Personal Networks”, IEEE

[4] Yanying. G and Lo. A, “A Survey of In&
M, “,V@s Optical Transmissions with white colored LED
3

~

Commun, Surveys Tutor, (2009) [@ .
[5] Tanaka. Y, Haruyama. S and, Nagg .

for Wireless Home Links”, In: eedings o nternational Symposium on Personal, Indoor and
Mobile Radio Commun. 000), pp.13
[6] Tanaka. Y, Komine. T, ama. S an gawa. M, “A basic study of optical OFDM system for

indoor visible cqmegfurtication utilizipg plural white LEDs as lighting”, In: Proceedings of 8th
on MicroWawgland Optical Technology, (2001), pp.303-306.
ga a. M, “High-accuracy positioning system using visible LED
ddio and Wireless Symposium, (2008), pp.439-442.
indoor localization algorithm in a small-cell LED-based lighting system”,
ional Conference on Indoor Positioning and Indoor Navigation (IPIN

[7]
8l

[9] and Kim KD, “Indoor positioning by LED visible light communication and

ational J of Electrical and Computer Engineering., vol. 1, no. 2, (2011),
pp.161-170.

[10] S.Y. Jung S. n, and C.S. Park, “TDOA-based optical wireless indoor localization using LED ceiling
lamps% Trans. Consum. Electron., vol. 57, no. 4, (2011), pp.1592-1596.

[11] Xi. @J . X, Xiaogiang. S, Jian. W and Jintong. L, “Optimized indoor wireless propagation model in

ifi network architecture for rss-based localization in the internet of things In Proceedigns of the
wave Photonics”, 2011 International Topical Meeting on & Microwave Photonics Conference,
@ingapore, (2011) October 18-21.

[12%Jung S Y,Choi C K and Heo S H, “Received signal strength ratio based optical wireless indoor
localization using light emitting diodes for illumination”, IEEE International Conference on, (2013), pp.
63-64.

[13] Trong-Hop Do and Myungsik Yoo, “TDOA-based indoor positioning using visible light”, Photon Netw
Commun,vol. 27, (2014), pp. 80-88.

[14] Nan. Wu and XuDong. Wang, “High precision indoor visible light positioning method based on multiple
leds”, Journal of Electronics & Information Technology., vol. 37, (2015), pp. 727-733.

[15] Sarrate J, Palau J and Huerta A, “ Numerical representation of the quality measures of triangles and
triangular meshes[J]”, Communications in Numerical Methods in Engineering., vol. 19, no. 7, ( 2003),
pp. 551-561.

[16] Sun Pei-gang, Zhao Hai and Han Guang-jie, “Chaos triangle compliant position reference node selection
algorithm[J]”, Journal of Computer Research and Development., vol. 19, no. 7, (2007), pp. 1987-1995.

154 Copyright © 2016 SERSC


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



