|EEE Workshop on Nonlinear Circuit Networks
December 12-13, 2014

Investigation on Relationship Between
Communication Distance and Receiving
Characteristic in Visible Light Communication
Using LED and High-Speed Camera

Eisho SOUKE Yuki OHIRA Shintaro ARAI Takaya YAMAZATO
NIT, Kagawa College NIT, Kagawa College NIT, Kagawa College Nagoya University
Tomohiro YENDO Hiraku OKADA Toshiaki FUJII Koji KAMAKURA

Nagaoka University of Technology = Nagoya University Nagoya University Chiba Institute of Technology

Abstract—The present paper considers an optical spatial chan- High-speed
nel in visible light communication (VLC) using LED and a high- - camera
speed camera. In general, the optical spatial channel affects the Signal LED
communication performance. However, the previous studies have generator
not enough discussed the channel for VLC. This study focuses on
the communication distance, which is one of channel parameters, d
and investigates the relationship between the distance and a . .
receiving ck?aracteristic in the VLpC. Transmitter Receiver

PC

Fig. 1. Experimental system.
I. INTRODUCTION

This study considers visible light communication system

(VLC) using an LED (transmitter) and a high-Speed Came(gye The actual VLC demodulates data using the extracted
(receiver) []-[6]. The communication performance of thisminance values.

system depends on the recognition of the camera receivel, inis study, we shoot the LED light by changing the
If the camera receiver cannot enough recognize an intensiymmunication distancel [m] and analyze a number of
of the LED light from the transmitter, its communicatiorbixdS of the LED projected area and these pixel values
performance decreases. We consider that the recognition REE  the luminance values) in each distance. Based on the
formance is affected by the optical spatial channel. Howevef, o ysis results, we investigate an effect on the demodulation
the previous studies have not enough discussed the Charﬁ%ﬁ"‘ormance in VLC due to the change @fSpecifically, we
for'VLC.. This study focuses on the communigation _diSta”CEalculate an average LED luminance value (LED ON or OFF)
which is one of channel parameters, and investigates €4 5 threshold for demodulation of OOK signals by using
relationship between the distance and a receiving characterigtie numper of pixels of the LED area and these luminance
in the VLC. values. Here, we explain the definition of the average LED
luminance value. First, we choose the highest luminance value
within the projected LED area and calculate its half luminance
Figure 1 shows an experimental system. As a transmittgfalue. Second, we extract several pixels more than the half
we use a simple system consisting of a signal generator gfhinance value within the projected LED area. Finally we
a single LED. This study assumes that the transmitter sengle these extracted pixels and calculate these average, i.e.,
data modulated by On-Off-Keying (OOK). Thus, the signahe average LED Iuminance value. We analyze the threshold
generator generates fa[Hz] square wave, and LED repeatsjepending oni and express the demodulation limit of OOK

periodic blinking (ON/OFF) depending on the square wavgye to the change af in the actual VLC.
The blinking LED light passes through the optical spatial

channel and is arrived at a camera receiver. In this study, the lIl. EXPERIMENTAL RESULT

camera captures the LED light at the shutter speedfdfgk]. First of all, we explain experimental conditions. In the
In other words, we shoot the blinking LED light four times intransmitter, a frequency of the square way@ (s 500 Hz.

a row and robustly capture a moment of LED ON or OFF. Thé/e use a single white LED (LA504W3CA2C02) for the
received light is converted into an image, and the pixel valumnsmitter. In addition, we set any current flowing along the
of the LED is extracted from the image as a LED luminancgingle LED due to avoid saturation on the sensor of the camera.

Il. SYSTEM MODEL AND EXPERIMENTAL METHOD
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In the receiver, a frame rate of the camera is 2,000 fps, a focazl50 I\ LED(ON) Size of LED on the image ’
length of the lens is 35 mm, a focus of the lens is infinity, and a (n, [pixels]) e
lens diaphragm is 16. The transmitter and receiver are put fac&’ 16
to face in a straight line, and are fixed on the ground. Based gn 140
these conditions, we perform the experiment described in S&aso 123
2 and analyze the number of pixels of the LED area and the$e Threshold 1
luminance values by changing Furthermore, based on theg,,, Oaé
analysis results, we investigate an effect on the demodulatién 062
performance in VLC due to the change &f

Figure 2 shows the average LED luminance values (LED % LED(OFF) 04
ON and OFF) and the threshold value versus the communi- /1 l Be 02
cation distan_cec(). First, let us focus on the transition_ ofthe = = o . 1 5 1 1 15 o0 2w 25
average luminance value of LED ON. We can confirm that Distance[m]
the average value of LED ON is high and almost constant ) )
until ¢ = 10 m. However, more thad = 10 m, we can also Fig. 2. Experimental result
confirm that the average one rapidly decreases with increasing
d. The reason for this is that the size of LED on the image
becomes smaller than one pixel of the image. To confirm ACKNOWLEDGMENT
this, we calculate the size of LED on the image geometrically This work is supported in part by “JSPS KAKENHI Grant
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) eration with KOSEN by Toyohashi University of Technology”
- 1/ i (1) and “Collaborative Research Grant by Nagaoka University of
PN Technology”.

Where )\ is the sensor size per one pix¢ljs the focal length REFERENCES

of the lens ands ,IS the actual physical arga of LED. Fro 1] T. Komine and M. Nakagawa, “Fundamental analysis for visible-light
Eq. (1), we can find that the number of pixels of the LE communication system using LED lighting$EEE Trans. on Consumer
projected area decreases in proportionité when X and S Electronics Vol. 50, No. 1, pp. 100-107, Feb. 2004.

; 2] Takao FUKUMOTO, Shintaro ARAI, Tomohiro YENDO, Takaya YA-
are constant. We also plot pixel values calculated from By. ( MAZATO, Hiraku OKADA and Toshiaki FUJII, “Development of Simple

on Fig.2. From Fig.2 , we can find that the number of pixels  simulator for Visible Light Communication Using LED and Camera,”
is 1 whend = 16 m. In addition, this distance is near the Proc. NESP’13pp- i3-36\,(2/|'\7;22/%1§- <h ARAL Hiraku OKADA
; : Syunsuke USUI, Takaya , Shintaro , Hiraku ,
distance that the average Valu_e of LED ON t,’eg'”s_ decreaQJB'Toshiaki FUJII and Tomohiro YENDO, “Utilization of Spatio-temporal
Thus, we consider that there is a close relationship betweenimage for LED array acquisition in Road to Vehicle Visible Light

the LED luminance value and the size of LED on the imagF.] Communicationi’PrOC-kZOIh World ﬁongress on ITFSCI- r?Ols;ENDO
e 4] Kengo MIYAZAKI, Yuki OHIRA, Shintaro ARAI, Tomohiro ,
Next, let us focus on the transition of threshold. Takaya YAMAZATO, Hiraku OKADA and Toshiaki FUJII, “A Study on
When d is near, the width of threshold, which is the Simple LED-VLC Flashlight Transmitter for Disaster Situatioffoc.
difference between the average luminance of LED ON and NCN'13 pp. 78-80, Dec. 2013. , o
OFE. is large. Namelv. the receiver is easv to determi el Takaya YAMAZATO, Isamu TAKAI, Hiraku OKADA, Toshiaki FU-

» 1S large.. y: _ Yy Jil, Tomohiro YENDO, Shintaro ARAI, Michinori ANDOH, Tomo-
whether LED is ON or OFF even if the pixel values of hisa HARADA, Keita YASUTOMI, Keiichito KAGAWA and Shoji
the LED projected area are affected by noise. However, the KAWAHITO, “Image Sensor based Visible Light Communication for

. o . ’ Automotive Applications,”[EEE Commun. Mag.vol. 52, no. 7, pp. 88-
width of threshold narrows with increasingbecause the LED o5 Ju so1a " un. Vagv PP
luminance value decreases as described the above reasons] ImMakaya YAMAZATO and Shinichiro HARUYAMA, “Image Sensor Based
this case. it is severe to distinguish LED ON or OFF on the Visible Light Communication and Its Application to Pose, Position, and
. ' " L iec . Range EstimationsJEICE Trans. Communvol. E97-B, no. 9, pp. 1759-
image. In addition, it is difficult to recover data even if the ;7cc Sept. 2014.
small noise is added to the image. Therefore, we consider t{vt 0. FaugerasTree-Dimensional Computer Vision: A Geometric View point.
the size of the LED on the image is necessary more than one Cambridge, Mass: MIT Press, 1993.
pixel to ensure the enough width of threshold for OOK in

VLC with the camera.

IV. CONCLUSION

In this study, we have investigated the relationship between
the communication distance and the threshold for OOK in
VLC with the camera. As a future work, we will investigate the
influence of the optical spatial channel for VLC performance
using multiple LEDs.
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