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On Performance Improvement of Optical Camera Communication
Using RGB LEDs by Applying Histogram Equalization
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ABSTRACT

In this paper, we propose Optical Camera Communication (OCC), which is one of the VLC techniques, with
RGB LEDs and Rolling Shutter effect. As conventional VLC wuses photo diode to implement a receiver,
additional devices are required. The VLC technique we propose, in this paper, uses optical camera embedded in
smart phone. As smart phones are used by most people, additional devices are not required to implement a
receiver. Rolling Shutter effect from Complementary Metal Oxide Semiconductor (CMOS) cameras embedded in
smart phones makes time interval between pixels during making an image, and in the mean time, we can
implement data transmission. And we expand transmission capacity by implementing MIMO through RGB LEDs.
we propose the way for improving communication performance by applying Histogram Equalization and verify

the performance by test.
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Fig. 1. A principle of transmitting and receiving data
through Rolling Shutter effect
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22 5. Aepplel F41 54 ol
Fig. 5. A Received Image through Optical Wireless
Communication
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Table 2. Comparison with an example of recovered data
between an image with Histogram Equalization and an
image without Histogram Equalization

Transmitted Received Data
Data Without HE | With HE
Red 2,392,129 2,392,129 2,392,129
Green 4,203,664 4,194,434 4,203,664
Blue 1,181,984 1,181,984 1,181,984
Total 7,771,777 7,768,547 7,771,777

o]Z nlmgl Aotk & 25 Edl 4] LED 23]
Al olu]|] dlolelr} Aoz A EAEE
oF 5= olrkh dfivbsl We] el uhe AabE A4
ZHdo] dofui=d, H A} A Ajo]of o] 9]
As7ell A A 2 73S wo] Wby wite]eit,
a7 45 RS o) ) araw HBsE A goln]x|
15 & 5 Qlok 19 4(a)°] RGB Z2t

o] ejgH H o]n|AE B o] 7% Fto] WolA
| o), 28 4(b)e] o)Al d|~EE
&3} Zgo] o] At o|m|A|E 7RIt} 3]~
e HFsle] 24 olw]x|e} BlHE- o|n|A|E H]
gk 15 75 ¥R ¥|A-g-Alelli= Threshold Fto] ©]
n|z)e] ZpAAE] R f% rﬂolEi Blo] oef-&

_‘

Lo

MW xw«l 0~5077}
2] BRLe nE 17 ﬂalilﬂoﬂ £4}2 Threshold
= %L‘“ T glek slfuksh =41 olvix|e] 7k #le

S ok ko] dprh =7] wiel) s 3
& 72 33} AL o|v|x|2] == Threshold
7} olm|A] A dedellA] 03} 18 FE3b7]oll FH
B 4 olrh & 28 58l A dlole= daEa
&3} u]Ag- o|n|A|dlA] gl FhE B, 3
220 FJE3) 2L oA ofFe] gl o

No Histogram Equaiization Histogram Equalization

O @ 10 150 200 250 %0 350 40 450 500 % 100 150 200 250 200 30 400 450 50

a2l 7. s|l2EaE HE3) ujdLe g AL on|x] =
Fig. 7. Graphs  of H1st0gram Equahzatlon and
non-Histogram Equalizaion

www.dbpia.co.kr



=3 rE

#9315 443 RGB LEDZS A3t 7wz} £41 4% A4

Jrl 389 vlE A& AAE F3l sl
&3} H4A] B|E 23kge] JoldlS Falst 4= 9l
t}. 78 9= 1000lux 3+ 3}lo|A] B|E HEFol v}
£ HE A& ZA Al Aot} v|E ALES
W3}A]7]7] 9]314] LED2] 7hq] 7HA-& ws}tA] 7]+
ZAstgict 7l 7o) golAleE v E 7k A4
Z¥A% Folx|Al H&d, ole wel Blooming
effect”ol] 23k v E 7} ZH4o] AlsiAIAl Hlo] eabs
o] AAA Hrk 2™ 95 Faslsls o | ~E 1
sl 445 whale] BE H|E AFEA 23}

7b Asich

10°

——
T—e S

107" Ty

102
14
L
o

103

104

—#— Without Histogram Equalization
With Histogram Equalization
500 1000 2000

Fig. 8. BER of Histogram
Non-Histogram Equalization

Equalization and

log(BER)
\
\
\

22
24

—#— Without Histogram Equalization
With Histogram Equalization

-2.6
28]

-3 L
720bps 1080bps 1440bps
bit

a2 9. WE A5 BhE vE exe
Fig. 9. BER according to Bit-rate

A =4+ RGB LED} 2Hl 7ije}s AR
g Ferhelet BAlel g Hdsts A4st
el il Asiede). mrtkd sheehs odubd e
2 CMOS 727} 22019, CMOS Z}|2k= Rolling
Shutter &35 7}%Ic}. ©]21&F Rolling Shutter &3}
5 ARS8l A Bl o] 7hssl, RGB A
] LED7} 24748 v} AW HPo] 7lsslch o] o
A5 ARE Aalste] o|ux]3) s uf, o]v]#]e]
7PAke] Hata) ok ] eyl 2 39 PRk
2] H-Ho]| 848} Thresholdinge] =4 %= 797}
Sck B =elds S|aE ] HIdsts e 1
HlE £11 F 22} v}g}A]E 53l Thresholding3dlo] <
85 U] B4l Asel = 59l

23 sl

43

tlo

(3R]
=2

References

[11 R. D. Roberts, S. Rajagopal, and S. K. Lim,
“IEEE 802.15.7 PHyisical Layer Summary,”
2nd IEEE Workshop on Optical Wirel.
Commun., pp. 772-776, USA, Dec. 2011.

[2] S. Wu, H. Wang, and C. H. Youn, “Visible
light communications for 5G  wireless
networking systems: From fixed to mobile
communications,” IEEE Netw., vol. 28, no. 6,
pp. 41-45, Nov. 2014.

[3] C. W. Chow, C. H. Yeh, Y. Liu, and Y. F.
Liu, “Digital signal processing for light
emitting  diode  based  visible  light
communication,” IEEE Photon. Soc. Newslett.,
vol. 26, no. 5, pp. 9-13, Oct. 2012.

[4] H. H. Lu, et al,, “A multiple-input-multiple-
output visible light communication system

VCSELs and spatial light
modulators,” Opt. Exp., vol. 22, no. 3, pp.
3468-3474, Feb. 2014.

[51 Z. Wang, C. Yu, W. D. Zhong, J. Chen, and
W. Chen, “Performance of a novel LED lamp

based on

arrangement to reduce SNR fluctuation for
multi-user  visible light = communication
systems,” Opt. Exp., vol. 20, no. 4, pp. 4564-
4573, Feb. 2012.

[6] B.J. Al, “Going beyond 4 Gbps data rate by

1659

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences

’17-08 Vol.42 No.08

[7]

8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

1660

employing RGB laser diodes for visible light
communication,” Opt. Exp., vol. 23, no. 14,
pp. 18746-18753, Jul. 2015.

C. W. Chow, C. Y. Chen, and S. H. Chen,
“Enhancement of signal performance in LED
visible light communications using mobile
phone camera,” IEEE Photonics J., vol. 7, no.
5, Oct. 2015.

C. Danakis, M. Afgani, G. Povey, I
Underwood, and H. Haas, “Using a CMOS
camera sensor for visible light communica-
tion,” in Proc. IEEE GCWkshops, pp. 1244-
1248, Dec. 2012.

N. Saha, M. S. Ifthekhar, N. T. Le, and Y. M.
Jang, “Survey on optical camera communica-
IET
Optoelectronics, vol. 9, no. 5, pp. 172-183,
Mar. 2015.

J. H. Lee, N. Kim, M. Ju, and Y. Park,
“Algorithm of optical camera communications
using rolling-shutter effect,” J. KICS, vol. 41,
no. 04, pp. 456-450, Jan. 2016.

J. Y. Sung, C. W. Chow, and C. H. Yeh,
(DMT) for

simultaneous color control and high speed

tions: challenges and opportunities,”

“Dimming-discrete-multi-tone

visible light communication,” Opt. Exp., vol.
22, no. 7, pp. 7538-7543, Apr. 2014.

K. Liang, C. W. Chow, and Y. Liu, “RGB
visible light communication using mobile
phone camera and multi-input multi-output,”
Opt. Exp., vol. 24, no. 9, Apr. 2016.

S. Rajagopal, R. Roberts, and S. K. Lim,
“IEEE 802.15.7 visible light communication:
modulation schemes and dimming support,”
IEEE Commun. Mag., vol. 50, no. 3, pp. 72-
82, Mar. 2012.

W. J. Ryu and S. Y. Shin, “Optical camera
communication by using RGB and rolling
shutter effect,” in Proc. KICS Winter Conf.,
pp- 331-332, Korea, Jan. 2017.

N. T. Le and Y. M. Jang, “MIMO architecture
for optical camera communications,” J. KICS,
vol. 42, no. 01, pp. 8-13, Jan. 2017.

Y. Liu, “Decoding mobile-phone image sensor
effect for visible light

rolling  shutter

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

communications,” Opt. Eng., vol. 55, no. 1,
016103, Jan. 2016.

K. Liang, C. W. Chow, and Y. Liu, “Mobile-
phone based visible light communication using
region-grow light source tracking for unstable
light source,” Opt. Exp., vol. 24, no. 15, pp.
17505-17510, Jul. 2016.

Y. Liu, H. Y. Chen, K. Liang, C. W. Hsu, C.
W. Chow, and C. H. Yeh, “Visible light
communication using receivers of camera
image sensor and solar cell,” IEEE Photonics
J., vol. 8, no. 1, 7800107, Feb. 2016.

K. Liang, C. W. Chow, Y. Liu, and C. H.
Yeh, “Thresholding schemes for visible light
communications with CMOS camera using
entropy-based algorithms,” Opt. Exp., vol. 24,
no. 22, pp. 25641-25646, Oct. 2016.

M. El-Desoulki, M. J. Deen, Q. Fang, L. Liu,
F. Tse, and D. Armstrong, “CMOS image
sensors for high speed applications,” Sensors
vol. 9, no. 1, pp. 430-444, Jan. 2009.

K. Mishina, S. Kitagawa, and A. Maruta,
“All-optical
from on-off-keying to multiple-level phase-

modulation format conversion
shift-keying based on nonlinearity in optical
fiber,” Opt. Exp., vol. 15, no. 13, Jun. 2007.
J. Park and J. Chong, “Color filter array
interpolation method for bayerlike W-RGB
pattern,” ICEIC, Danang, Jan. 2016.

K. Zuiderveld, Contrast limited adaptive
histogram  equalization, Academic Press,
Cambridge, 1994.

S. Fumiki and S. Akihiro, “Discrete

polynomial curve fitting to noisy data,” LNCS,
pp. 75-89, 2012.

www.dbpia.co.kr



=i dlaEas) §23s 443 RGB LED3E- %3} shvizt 54 A% AiA

F 2 T (Won Jae Ryu)

2012 249 : FoFF st A
2Algsta Z4

20144 24 : FoF=dsta IT
S5 Aat

2016‘4 9*J zfiﬂ _L%?MJ

Al = & (Soo Young Shin)
19999 24 : A-gHEw 7]
oy 24
2001 24 : Aefjgtn #17|
F3 A2}
- 2006 d 29 AlgHEka 7]
T vk
l\\—' LA
20103~z : T F o g3t
st ZApgEh w
<ZAlHol>  Network/communication protocol,
MIMO and OFDM, wireless networks, etc.

1661

www.dbpia.co.kr



	히스토그램 평활화를 적용한 RGB LED활용 광학 카메라 통신 성능 개선
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 본문
	Ⅲ. 실험
	Ⅳ. 결론
	References


