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Abstract—Traditional indoor positioning systems encounter
many practical problems, which lead to coarse posdning

accuracy and high requirements of human efforts. Inthis

paper, we propose a new positioning system. Only tw
directional access point (AP) are employed and disbuted

in the indoor environment, and mobile device suchscell
phone receives the signal strength from both APs ansend
the data to the server. Then, the location of thehpne can be
calculated. Compare with previous works, our systenis

simple, low-cost, far away from obstacles interfemrece, and
don't need to collect large amounts of data. It isuitable for

emergency situations and high dynamic wireless lotarea

network (WLAN) environment. Experiment results show
that the positioning accuracy is improved much, upto

92.9% and the positioning error has been reduced t&.133
meter.

Keywords—Indoor Positioning; Directional AP; Emergency;
Wi-Fi Signal; Dynamic WLAN Environment

l. INTRODUCTION

anywhere and anytime. Secondly, it is low cost, wed
can deploy this system with common equipments rathe
than costly facilities. Thirdly, the environmentfar such

as time, temperature, humidity, obstacles will affect
localization accuracy, and we also don't need kp oa

the existing APs of environment, so it can be aublio
high dynamic WLAN environment. Furthermore, the
most important thing is that it avoids large scdkta
collection work and can quickly find the locatioh the
mobile device. Experimental results have proved
positioning precision of the new indoor positioning
system.

The rest of the paper is organized as follows: the
second section introduces the system structure,tlzed
third section describes the system theory. The tliour
section elaborates the experiment results, andfitte
section is conclusion and prospect.

Il.  SYSTEM STRUCTURE

In many emergency indoor scenarios and high djmam Figure 1 shows the structure of the system: two

WLAN environment, such as fire site, specificallyhen
APs of site are invalid. It requires a tracking teys,
which is easy-to-setup, relatively safe and corseinto
use. At present, there are a plenty of localizati@ihods

rotatable directional APs, a server and a mobilacde
Conventional Wi-Fi AP fixes on rotatable directibna
antenna to form the rotatable directional AP, whiehds
signals to the mobile device. The server is a commo

and systems, but in this particular situation, ¢hosCOmMputer running our background processing program.

positioning systems have their limitations. SuchGaS
[1], it is not available for indoor case for it mEseto

Mobile device must have communication function, and
server, directional APs together should keep

maintain visible distance with satellite. Mobile sea COmMmunication unblocked.

station location [2], its location accuracy dependsthe
distribution density of base station tower.
positioning [3], Ultrasonic positioning [4], Bluetth [5],
these three positioning technologies are easilyented

by the obstacles in the environment, and still need

additional hardware facilities. In addition, Bluetb

localization way can only detect the objects inrsho

distances. At last, there are two ways for locéliain
Wi-Fi positioning system. One
propagation model [6], but this method
influenced by the environment. The other way is imae
learning technique [7], and this method consistdwal
phases, offline training and online testing, usered to
gather a lot of data in whole phase.

Infchre

is based on the
is easily

terminal

(c
AP1

server
Fig.1. System architecture
The whole application process as show in Fig.2, two
rotatable directional APs are placed on both sides

Since there are so many shortages for the traditionPositioning area, turning round and launching signa

handle those problems. It is based on rotatab&etiimal

APs, and the positioning problem is transformea iat

receiving two directional APs’ signal, and thenuratng
data to the server, analyzing those data by seflars

trigonometric problem. The advantages of our sysesm We can obtain angle relationship between the mobile

follows: Firstly, it is easy-to-setup and can bailtbin

device and the two APs, and calculate mobile dévice
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location based on the angle relation. As shown in Fig.4 (location of AP and mobile devare
P u_nchan_ged, but AP’s direction _in change), therghés

Sendsignale | @ my record signal | Sendsignak simulation result. The x-coordinate denotes cdlhect

value and the comesponding times, y-coordinate represents signal strengtheveiRed

angle: line is static directional AP with facing the mabillevice,

Directional AP1« 3  » [ Dirseriosicl AT ] signal strength stable basically. While blue lihewss the

rotating directional AP, when the signal strengtle a
situated in the peaks, just also directional ARatest to
facing the mobile device’s direction. So no mattemv
many are the signal strength value, server willragtt
calculate position of mobile corresponding angle of the biggest signal stremgthe of
device. each cycle. Thus the influence of environment gnal
intensity is not related with positioning accuracy.

Static and Rotating
T

T
i | —+— Directional AP Rotating
i..{ —*Directional AP Static

»RIEP LLNJOY]
suonsod umyoyy

Server (system program)

Fig.2. System flowchart 20

lll.  SYSTEMPRINCIPLES

A. System Feature

The feature of our system is using rotatable divaet
AP. We use rotation to get angle information, buiityw
choosing two directional APs? We illustrate it with
picture (in Fig.3). A, C use single AP, the bluatpa
estimation area, figure C has better effect thabekause
figure C uses directional AP while figure A uses A A A
omni-directional AP. For directional characterisstrong P w0 @ @ w0 m e @ @

Gathering Times

signal only can be launched toward a certain fapst Fig.4. Signal strength fluctuation

area. B, D use double APs, candidate area of positi |y addition, along with rotation of directional ARe
estimate is blue superposition part. As the beadthwi zis0 see a slight periodic and regular change griiasi
angle of directional AP is in proportion to strosgnal intensity (in Fig.4). Thus in order to make rule rmo
strength area. So if the beam width angle is ensnghll,  opvious and obtain more accurate angle informatiee,
the fan-shaped area will narrow subsequently, angan collect more cycles in the same place, and the
superimposed area will also reduce. Therefore,bthe  make an adjustment of direction properly and timely
quadrilateral region is that we want to know. Result of simulating after adjusting is similar ¢osine
To simplify this issue further, in this paper, waké  curve (in Fig.5). The upper graph is raw data, the
angle bisector of each fan-shaped area, and linevef following cosine curve is formed after adjustinghu,
APs’ connection direction to constitute a triangleur according to the periodic law of cosine curve, wantto

positioning problem is transformed a triangle fimet Kknow that the angle of corresponding peaks position
problem, we know two angles and a side, what wel tee o BeforeCalbaion

do next that ask the third point coordinates.
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Fig.5. Before calibration and aftalileration

B. Communication Module

The whole implementation process involves twoC. Background Processing Module
modules. The first one is communication module. Two The other one is the background processing modsle,
directional APs rotate and send signal to the reatélvice show in Fig.6. Our positioning problem is transfedn
constantly at the same time. The mobile device rikco into a trigonometric problem, (x1, y1) ,(x2, y2hpé two
those received signal strength and the correspgratigle  rotating directional APs, blue area is the sigraliation
information .We can get that angle information adow  district, superposition part of two blue region&imate
to the time and AP’s rotating speed and cycle. @free  area, namely the square area ABCD. In this exp&time
the rotary tables must be uniform, then, we alsedn® we take angle bisector of each blue area, andolirteo
set zero graduation. In this paper, we put two APSAPS' connection direction to constitute a triangbe. the
connection direction as zero graduation direction. angles we want to know that are marked as anglend

Then, the mobile device transmits all data to #reey.
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angle B, and (x, y) is the position we want to ask. But fo angle is 10 degree and 14 degree respectively,ctating
signal strength does not change significantly smsfuare speed is 5 degree per second, the cycle is 18@elegfe
area ABCD. So these angles will have a range of etr ~ deploy two directional APs on the two sides of ttiem
5 (For we use the directional antenna with smadinpe and the distance between them is 10 meters. Thenaye
width angle (level 10 °), it is in proportion tatg signal Move in the room _W|th taklng_ moblle_ device, theveer
strength area. That is to say, beam width angéejisl to will _t_rack the position of mobile device, and retuthe
radiation angle), positioning accuracy may also bdosition results to the user.
affected more or less. But after test and analythis,
degree of influence is very light.

The first module has introduced the process of
obtaining the two angles, while we can measure m
directly. Finally, according to relations of the
trigonometric function, we can calculate (x, y).

Fig.7. Simple scene graph of test

(xLyl) m (x2,y2)
Fig.6. Two APs and mobile device compongahgle
Computational process as follows, known edge m,
angles @ and B, consider another two edges as a, b,
according to (1) and (2):
cosa = (a? + m? — b%)/2am (D)
a b
sinf sina @)
We discuss in both cases, first, while=8, we can
work out a, b by (3) and (4):
m

O0O<ap<m) 3 Fig.8. Rotating directional AP
m B. Performance of Test Equipment
b=a=-—— (0<apf<n) 4)

2 X cosa For directional APs launch and receive strong sgima
The seconda and B is unequal, we may calculate a certain fan-shaped area, whereas the signahysmeak

a=———
2 X cosa

by means of (5) and (6): in the other direction. We made a set of experiméat
_mXsina verify this characteristic, directional AP’s positi and
(a=m><cosa smp_~ lCOSBl(O <a,p<m) direction as shown in Fig.9, it launches signaltfie
_sina ' motionless turntable. We can clearly notice thag th
! sin? district facing the directional AP have strong sign
| sina strength (red marked area), the bigger offset &f th
\b=ax sin B O<ap<m () directional AP, the weaker signal strength is detéc

Then assume (x1, yl) coordinates (0, 0), (x2, yzjblu_e marked a_rea). The bear_n width angle of dveeli
coordinates (m, 0). According to the followings @)d AP is in proportion to strong signal strength atezother

(8): words, s_malller beamhwidth atr)wgle cor(rjers]pondI to_ nlrmro
> > _ strong signal strength area, beam width angle imlemp
{\/(X X+ -y)t=a Q) radiation angle.
VE-x)*+(—y,)?=b ® But we can also see obviously, though we use the
We can ask out (x, y) coordinates. directional antenna, there are still some unsteala. If
a’ + m? - b? we use our new method, could bypass these erraratat
X= 2Xm ) execute more accurate positioning.

&

8

b

3

R

=]

y =+ a? — x? (10) 5 A i
IV. EXPERIMENTAND ANALYSIS o s
A. Experimental Environment
The experiment is carried out in laboratory withaaea E )
of about 15m*24m, there are many cabinet and pillar
this room (in Fig.7). The gain of the directionaP Ain i
Fig.8) is 24 DBI, the horizontal and vertical beandth o) LR ’

1 2 3 4 5
Fig.9. Directional AP’s signal strength distributio
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CDF of The Positioning Error
r,,_._*-«a—*

/

C. The Analysis of Experimental Results

In our experiment, only angles affect positioning
accuracy, and there are two reasons will lead @lean
error. First, the beam width angle of direction& fevel
10 °) , as we use two same directional APs, soeang!
and angleB (in Fig.6) have a range of erroit-5°
respectively. Then, communication process can cause v
delay with 1 to 2 seconds, for we record anglermétion e
according to the time and AP’s rotating speed aftedn o
communication module, and the rotating speed of Fig.10. CDF of the positioning error
directional AP is 5 degree per second, so it may l® V. CONCLUSIONAND OUTLOOK
error of 5 degree. Therefore, angle and angleB all
would have a range of errat-10° .

For any estimated point, we may analyze positionin
error based on formula (9) and (10). Such as thlblelow

shows the result of error analys[s of a point. T'm scalability, but also accurately estimate the pmsiof the
column lists Some cases of possible angle .devlathm mobile device without collecting large amounts ata]
front number is the error oft, and the latter is the error 5.4 the biggest positioning error has been achigvegd

of B. The second column displays coordinates of mobilgn with an accuracy of 92.9%.

device under the deviations. The third column is Due to rotating speed is 5 degree per second, yuid c
positioning error compared with real coordinateshil®/ js 180 degree, making the time of updating positeach
angle deviation is (0, 0° ), corresponding one is true 36 seconds, so we need to enhance it by increasing
coordinates (real measured value) .We can notiee throtating speed. Additional, we may still improvee th
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Based on two rotatable directional APs, our indoor
locating system transforms the positioning probiata a
Qriangle function problem. It can not only overcantae
high system cost, complex deployment, the poorigual

biggest positioning error is 2.133 m. localization accuracy further by obtaining more Laaete
Angle deviation (x,y) (m) Positi(on;ng ergr - angle information. These all depend on looking rfmre
m - . . :
T ) (5.868.4.920) 0 sophisticated rotating equipment. Consequentlmak_es
_ the system more suitable for the high dynamic indoo
© .+5) (6.298, 5.281) 0.562 wireless environment.
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