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A Study on the Underwater Visible Light
Communication system interlinked to the Bluetooth

Min Su Kim

Department of Electronics and Communications Engineering
Graduate School of

Korea Maritime and Ocean University

Abstract

Recently, a variety of research are proceeding for underwater
environment monitoring system and resource development. Underwater
Communication infrastructures are required for underwater wireless sensor
networks. Method of Underwater wireless communications are radio
frequency  communications,  acoustic ~ communications and  optical
communications. Underwater communication is severely limited when
compared to communications in air because water is essentially opaque to
electromagnetic radiation except in visible range. Acoustic systems are
capable of long range communication, but offer limited data rates and

significant latency due to the speed of sound in water.
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On the other hand, optical wireless communication has been proposed as
one of the best alternatives to meet the requirements of the underwater

observation and subsea monitoring systems.

Therefore, visible light wireless communications is an alternative in
underwater. Visible wavelength range have a lower absorption than
electromagnetic wave at underwater. And it transmits big data such as

photos and videos by using a wide bandwidth.

In this paper, we use the lens for connecting in parallel LED sending
away the light. An interface between LED lighting communication system
and Bluetooth module is presented to support the underwater-to-air
communications. Error free image and text transmission at 3 m of water

were achieved at bit rates of 230.4 kbps.

KEY WORDS: Visible light communications, Optical wireless communications,

Underwater communications, Bluetooth communications
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Table 2 lllumination by Lens

A2 (m) No Lens Lens
0.05 460 K 2500 K
0.08 235 K 1100 K
20 4 63
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Table 3 Wireless communications of Underwater

Acoustic Electromagnetic Optical
Nominal Speed 1500 m/s < S
Power Loss 0.1dB/m/Hz 28dB/km/100MHz g
Bandwidth ~kHz ~MHz 10-150MHz
Antenna Size 0.1m 0.5m 0.1m
Effective Range ~km 10m 10-100m

Absorption vs. Scattering Pure Seawater

T T oF I T
e absorption

----- scattering
3 S {4 —

[

absorp & scatl coelT pure seawater(m™-1)
o

200 300 400 500 600 700
Wavelength (nm)

Hg 5 absorption rate according to a wave at Underwater™
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Table 4 Devices Specifications

TH A =8 R A 2 A
LED LZ1-00CWO00 | 10-150MHz LED Engin
PD SFH 213 200MHz OSRAM
SE7] OPA380 90MHz Texas Instruments
H| 2 7] MAX999 maxim integrated
MOSFET Drivers TC4427A 33MHz Microchip
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Table 5 Specification of Bluetooth module
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Table 6 Attenuation coefficient by water quality

Water type Absorption Scattering
Pure seawater 0.0405 0.0025
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Fig. 23 Optical loss by distance at underwater



S

S 5ol 4

HoET

A8

2=2(300x30%x 35 cm)=

| —
—

Fich. Fig. 25

o5

F 10m o]

S

& A8

B H Qe

O
o

<o wl 1

K1

20

Fig. 24 Schematic of Visible Light Communication system

Fig. 25 Photographs of Experimental setup



Fers AUY A AWEE £ARe) B 44N F 1 AEE <
Sgols s AntE Foz $ilsE A3 AWsAT

BeEs wES AHEY] 964 PCAAE dolRuas ALt Fig
262 PCoMe] Wgsidolth AntE EoAE ¢EEols Jwon AFHE
ofEHACIHL olg3te] HYF + UKtk WA, at FHOIE gl BE
s} PC 97 JHlE HASI, RES) BEFS Fad BE e 5 8
¥+ Atk ad BHo] Aol AFHTASE BER2 FAE Yt 2
vlEZse] A2E ARSYTh FANA AFHE BEEx BE) BE ¥

=
H T
B Agstel BES B4 =8 dgstel AFsark

I blugm_96 - HyperTarminz

File Edit Wiew Call Transfer Help
D @& & =05

I at

0K
at+btinfo?

00189A3275C4 , Chipsen—-3275C4 , MODE®, STANDBY , 0,0, NoFC

0K

atd2céiled297d

0K

CONNECT 2C4401ED297D

m

Connected 0:01:31 Auto detect 9600 8-N-1 NUM

Fig. 26 Hyperterminal Screen for Bluetooth setting



PSR
T

A

27 o]
2 mEHO| H ol

gAelde /Mo, i Fig 273 24 A&

FEE o2

PNy

£ 7%

of Al

o] ¢t= 5 Fig. 27 (b)

SEEAG|AE

alq

HZChipsen-3275C4

g

(b)

(@

Fig. 27 Bluetooth Screen of Smartphone



Fig. 28 LED #¢lo] & A% 9127 PC PDE ZFste Al
AAE PCotel oA Hg H4F Aotk $£54 PC AEH o v A0y 3}
LabVIEW 3}@S Uepidoh 7hA3 FAENS B25s PHENS A5E
Bl A 5 2304 KbpsZ o]mx] Aol ATtk A4S 98 600
Kbytee] olmlA] mde HFatAA st dl&#Fe] Jd= oF glo] BET 5
.

=BO, =30 EEZEW) i-li.';"‘ 2: :,'g-:\w =20 e;iwg.;‘%j‘
[ LADVIEW |54 572319 &y
[=sm - capicERaNRLTY - & O —
: ;r‘el%r C,. ,""A
& l-0]ul=]
: =TS, o ceslChens sleix

(a) Tranciever PC Screen

o]

3 cetial reviever2010) i
File Edit View Project Operate Tools Window Help

| ool

&= I 3 serial reviever(2010) v Block Diagram * EEE

File Edit View Project Operate Tools Window Help
W@f | oin [0l @1 (@ 1fee] 1 g !
B ———

LabVIEW =415 3

(=] 0140400-Windows 4431 5201

Eel=]

TgH v

(P ¥

BERUEE V) v

@

appended path

VISA 2|24 018
fcowe -
appended path
A C:WUsersW=2 2HDocumen

Data Dirvi|
P

Wiain Application Instance] « [ i

[Vain Application Instance ¢

Fig. 28 Image transfer at 3m (230.4Kbps)

(b) Reciever PC Screen




Fig. 29% Fig. 249 A3 FAEA FA PCe Al BERE~E
PCE 218 AFE HojFET  ‘Welcome to KMOU® 2h= EAHO|HE A4S
stgom 9o Ay FAEA 2304 Kbpse &2 dlolE AL A3
=

Fig. 300l4E 2mfEZNA A4we EAvoHE BojZDh we HojgE

g olgke EAsh @7 swle) FEET. A BEE2: BES )i
Hube Agste] R FAALE 10m oA AGFAY 4TE e
dute] QtE|UE o] $RTHA A 47kA FE8 Falo] & Zolx, Auk o] 3
£ B3] 2vlEZA R HolHsl deE & Ae Aotk £F A% A
BAARE £z 379 Ao A A oF flE AE5S s
et

o KHOU
o KHOU

E=2EAHAE

HZChipsen-0654E5

: Welcome to KMOU

: Welcome to KMOU
: Welcome to KMOU
2 . Welcome to KMOU
: Welcome to KMOU
: Welcome to KMOU

Fig. 30 Received data on Smartphone



A47F A&

HAEAT Ao RF FATAL AFF B4 Axd] Ud 475 A3

s+ PC& LED TF&3I2E A3yl fal MAX2327F AH&H Ao,
MOSFETS ©]-&% LED 11& 29|F o' 3 F4A& 7Hsdtl stk 1% 2~
AdE F NS E PD7F 714 A2 Wdtste] FX7)9 vur|E AA A

7HNF FAEAE o] &3 oluA] HE AFoAE ovAE HEstr] sl
LabVIEWE o]&3t &4l PColA o]m|AE Hujo] Bluetooth F4l54l<s 3l
T4 PC7HA olmA] HolE & 2/ flo] AEd + AJnt o o 7FAF 74

Ao SE= Wtk A=ge] HFEHe wo)7] fls) $4l LED

offt
2
o
L
off
o

.

e
N,
f
:IO{:;“
o
=
@
Q
S
S
S
=
2

[
)
X
e
rx

=
ZoRE HolHE 43HoR ST 5 UUCH, £F P BAENAY

ANF FABAC BE AT Tl Bl Aa FolAw, S5
Aol 7hAR PAEAL ol gataAsts Ful ATe wFsith SXw SEol
N AND FAEAE olde ANRY +F DAY TE FUFA /&2



= g 4484 2d

™

AH
4

)

™
o

£

4

]

e

A A

b A Ere] 2 2}

2 o) A]

S

& A
=4

s A

-,
o

ol SnEet
U,

4

2=
=]

Al
h=

=

o SAENAA TtEAZFA
EREE,

4

=
o

2015. 01. 12

A o wH A

L

|

o}

°

AA g

T™H
of

¢+
-

—

~H



Z I
FuEdA

(1] A=, 93, e, 2009. “LED Z=H&E2 & 7IA3 FA5A &
Al 2El” sk 5 41e3] A], A 264, Al 5%, pp. 3-9

[2] http://www.ict-omega.eu

[3] S.Haruyama, 2003. “wniidGdfs” , H5- N olfs B eram Scis, J86-A(12), pp.
1248-1291

[4] &=, 2010. “LEDZ"AFH TAdRA d=” , =Hd7]2us3] =], A
244 A 15

[5] M. Stojanovic, 2006. “On the relationship between capacity and distance
in an underwater acoustic communication channel” , Proc. of WUWNET, Los
Angeles, CA, Sept.

[6] P. Qarabagi and M. Stojanovic, 2009. “Statistical modeling of a shallow
water acoustic communication channel” , Proc. Underwater Acoustic

M

Measurements Conference, Nafplion, Greece

[7] AR, E4, 2014 “EFF29 A5ste 735 7% 4 Al2H" Y
77, xetddxYoi®g &3]=], Vol. 38, No. 7, pp. 923-928

(8] AlZd, &4, 2010. “7}A]33 LEDE Olﬂfﬂ g FAFTA Al 2H
77, =t AR Yolg sk A, A 349 A 635, pp. 852-857

[9] AZ<, e+, AN, 2009. “7FA% %—*J 2F % Ve 5%, ALF
AAFREY [T-F7 =T 1400

[10] A=, 2009. “LED =% T4l #lzZd 7]«”, TTA 7IA3 4 B4
2 LED & Aol 7= Alry

[11] 2‘&51124 HE417]<¥ 3], http://www.tta.or. kr/data/reportttalist isp

[12] ICT &F3} =9, 2010. “ICTEH7< £F3F A=Y ver.2011l TR
A 13 ol FFAl FoF” , pp. 285-361

[13] &, 2010. “LED7I¥t 7}A133 B4l 71<” , LED-IT& ¢ A3t 741
E

[14] =4tg71€x18-, 2011, “v]=9] LED 4F A= 2 A A~

2



[15] St=F-<9 3], 2012. “EU A AXFZH(SSLAHE B A ”

[16] -2~ = o), http://www.eng.ox.ac.uk/

[17) 247), 2010. “LEDE ol 71A% a9 Huje) 53", AARER
T4

[18] Nakagawa Lab., http://www.naka-lab.jp/product/uvlc.html

[19] Lanbo Liu, Shengli Zhou, and Jun-Hong Cui, 2008. “Prospects and
problems of wireless communication for underwater sensor network” , WILEY
wcmce special on underwater sensor networks, pp. 1-24

[20] Shlomi Arnon, 2010. “Underwater optical wireless communication
network” , Optical Engineering 49(1), I[EEE OCEANS

[21] William C. Cox, Jim A. Simpson, Carlo P. Domizioli, John F. Muth and
Brian L. Hughes, 2008. “An Underwater Optical Communication System
Implementing Reed-Solomon Channel Coding”

[22] N. Farr, A. D. Chave, L. Freitag, S. N. White, D. Yoerger, and F.
Sonnichsen, 2006. “Optical modem technology for seafloor observatories,”
Proceedings of IEEE Conference on Oceans, pp. 1-6

[23] M. A. Chancey, 2005. “Short Range Underwater Optical Communication
links” , M.S. Thesis in Electrical Engineering, North Carolina State University
[24] LED Engin, LED datasheet, http://www.ledengin.com/products/emitters#LZ1
[25] Osram, PD datasheet, http://www.osram-os.com/Graphics/XPic5/00101689_0.pdf



	1. 서  론                                  
	2. 가시광 무선통신
	2.1 가시광 무선통신의 개념                  
	2.2 가시광 통신의 연구동향                  
	2.2.1 국내 기술 동향                          
	2.2.2 국외 기술 동향                          

	2.3 무선 광채널                                 
	2.4 수중 가시광 통신                         

	3. 실험 및 결과
	3.1 실험 시스템 구성                         
	3.2 지상 가시광 무선통신 시스템 성능 실험 
	3.2.1 실험 설정 환경                         
	3.2.2 실험 결과                          

	3.3 수중 가시광 무선통신과 블루투스 연동 실험 
	3.3.1 수중 실험 구성도                        
	3.3.2 실험 내용 및 결과                       


	4. 결  론                                 
	감사의 글                                 
	참고문헌                                 


