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Abstract—This study proposes a method for detecting the

position of an object indoors wusing visible light
communication and dead reckoning. More specificallywe
first obtain positional information using visible light

communication and then use dead reckoning. At thetart

point, where a visible light signal can be receivedve detect
the absolute position of the object using positioha
information from the visible light source. Subsequetly, the

directional information for dead reckoning is detet¢ed from

a Kalman filter using geomagnetic and gyro sensoruput.

In this paper, we describe a method for detecting he

direction using a Kalman filter and present experinent

results.

Experiments are conducted on the 8th floor of the
Information Engineering building in Niigata University,

Niigata, Japan. In the experiment, we first move asmall

robot forward to obtain continuous output from the

geomagnetic and gyro sensors installed on the robatnd

that from the Kalman filter. A personal computer records
the results sent from the robot. The maximum directin

errors for the geomagnetic sensor, gyro sensor, aritelman

filter are 46.62 degrees, 14.17 degrees, and 5.98gtees,
respectively. The results show that the geomagnetgensor

includes large disturbances and the gyro sensor has

accumulated error. However, the output of the Kalma
filter did not show any large errors of greater thax 6
degrees. In the paper, we also show the relationghbetween
the straight moving distance and the directional aor while
the robot is moving. For the next step, we will adébsolute
position information of the start point using viside light
communication. Then it will become possible to estiate the
exact position in a building.
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l. INTRODUCTION

Generally, the Global Positioning System (GPS)sisdu
for outdoor positioning. This method can be usedetect
the position using the arrival time of radio wavgnals
from satellites. However, it is difficult to useighmethod

for indoor positioning due to wave attenuation an

multipath generation. An alternative method foddar
positioning is the dead reckoning method. Deadameitig

is a method that uses directional information ahd t

is difficult in an indoor environment with magnetioise.

(3) The error in direction and that in movement are
accumulated to the position information. Therefore,
propose a new method that combines visible light
communication (VLC) and dead reckoning, and we taim
achieve an indoor navigation system. More spedifica
we use VLC to obtain the absolute position. Secovel,
use the dead reckoning method to detect the relativ
position from the start point where we can detieetexact
position based on VLC. Finally, the current absslut
position is estimated using these two procedureslebd
reckoning, since it is very important to obtain @wede
direction information, a Kalman filter is prepareding
output from a geomagnetic sensor and gyro sensw. T
following sections describe the direction detectioethod
and experimental results.

II.  METHOD

This experiment aims to reveal the direction sensor
errors detected when the robot moves in a straight
channel. Fig. 1 shows the configuration for theotalsed
in the experiment. We use a small robot (LEGO
MINDSTORMS NXT) in the experiment as the moving
unit, which incorporates a geomagnetic sensor, gyro
sensor, and visible light receiver. While the robst
moving, a direction signal is transmitted from #hes
sensors. In addition, we use a rotary encoder reduoi
each wheel to detect the movement of the robot.

Fig. 2 shows the experimental environment. We
conduct the experiment by moving the robot and nieco
the output of the geomagnetic sensor, gyro sersdt,
Kalman filter. The channel is made from solid pasb
avoid geomagnetic interference, and the channethwd
150 mm, which is the same as the axel width fordhet.
The following is a description of the experimentadthod.

1) We command the robot to proceed forward aloeg th
course (Speed: 0.6 m/s).

2) When the robot begins to move, the output of
geomagnetic and gyro sensors are recorded, assvéie

GKaIman filter calculation output.

3) The robot sends all recorded information to a
personal computer through Bluetooth communications.

We repeat these trials 10 times while moving tHto

moving distance to calculate a position. Howevais t from east to west, and 10 times while moving thisoto
method has some problems if we use only a geomagnefrom north to south in the corridor.

sensor. (1) This method can be used to obtain anly

relative position. (2) Detecting the direction obvement
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Figure 1. Configuration of robot
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Figure 2. Experimental environment



2011 International Conference on Indoor Positiorang Indoor Navigation (IPIN), 21-23 September 2@dimaraes, Portugal

ll. RESULTS .
) than those of the other two sensors. Fig. 4 shdws t
Fig. 3 shows the results from the (a) geomagnetigesyits when the robot moved from north to souitthls
sensor, (b) gyro sensor, and (c) Kalman filter wkie®  case, the maximum error for the geomagnetic segya,
robot moved from east to west. The maximum error fosensor, and Kalman filter were 38.38 degrees, 9.33
the geomagnetic sensor was 46.62 degrees in Fa). 3(degrees, and 4.00 degrees, respectively. Therefioee,
The calculated directional offset for the gyro sersan be  geomagnetic sensor included the largest errorsevthi

seen in Fig. 3(b). The maximum directional offs&lsw gyro sensor also contained offset. The Kalmanrfiiad
14.17 degrees. However, the maximum error of thehe |owest error of the three.

Kalman filter output was 5.95 degrees, and it wess |
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Figure 4. Results of sensor outpulile robot is moved from north to sol
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IV. DISCUSSION

In the experiment, the directional error is miniedzto
+6 degrees using the Kalman filter. If the robotve®
while retaining the 6 degree error, the positiongngr is
10.5 cm. The shape of the visible light receivimgaais
determined from the shape of the light source,higight
between the VLC sensor and ceiling, and the rengivi
angle of the VLC sensor. For example, if the visiljht
source is a point light source, height = 2.25 nthwhe

V. CONCLUSION

We proposed a new method that combines visible ligh
communication and dead reckoning for indoor
positioning. In addition, we conducted an experitrien
detect the direction information using a Kalmatefil The
results show that we succeeded in maintaining a
directional error of less than 6 degrees. For i step,
we will add the absolute position at the start poising
visible light communication to detect exact positin a

receiving angle ofd = 15 degrees, the shape of thebuilding.

receiving area will become a circle with the radiis03
mm. If the robot starting position is a point 3 way from
the light source, it will be necessary to supptésserror
to less than 11.3 degrees to reach the light sana In
this experiment, we confirmed that the robot cacheto
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the visible light receiving area because the marimu (JSPS)

directional error of the Kalman filter was keptléss than

6 degrees. Under this condition, we can update the

direction using the moving distance of the robad #me
actual distance of the visible light source.

11.3 degrees 603mm

Robot 3m

Figure5. Robot direction and visible light receiving a



