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[Abstract]

Underwater wireless light communication system is quite necessary to retrieve recorded data from underwater devices or the black box
without taking back it body. In this paper, a research on the light sensor technology in underwater wireless light communication under turbid
sea was studied. A noise source under turbid sea for light communication was analysed, and a sensor system for light sensing using the
reference light signal to remove the noises and to improve the output swing power was studied. Also, an underwater communication system
was manufactured to validate the good performance of the development system, and using the system, the good performance of the
developed system was validated through the light communication test in the tank containing the turbid sea water was presented.
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Fig. 2. Underwater optical communication modem
of BORsys co., Itd. (BOLcomm 200)



E 1. 514nm THEof it Cleksk siof Z4A 5
Table 1. Attenuation coefficient of various seawater @
514nm.

absorption scattering attenuation
Water Type coefficient coefficient coefficient
a(/m) b(/m) ¢(/m)
Pure water 0.0405 0.0025 0.043
Ocean sea water 0.114 0.037 0.151
Costal sea water 0.179 0.219 0.398
Turbid harbor 0.266 1.824 2.19
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Fig. 3. Underwater light absorption.
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Fig. 4. An example of the path of light rays passing
through a turbid underwater channel.
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Fig. 5. Optical signals transmitted through fresh water /
Optical signals transmitted through turbid seawater.

Correct signal
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Fig. 6. Interfered signals by ambient light / Normal signal.
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Table 2. WHOI optical modem spec (2015).

Range Technology
Rate Angle [receiver /
[m]
source]
1 Mbps 138 Hemisphere | PMT / LED
10 Mbps 108 Hemisphere | PMT / LED
15 Mbps 80 Hemisphere | PMT / LED
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Fig. 7. Optical transmitter prototype front / Optical
transmitter prototype back.
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Fig. 8. Optical receiver prototype / Sensor unit.
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Fig. 9. Acrylic water tank with turbidity seawater.
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1. LPF filter

2. Instrument AMP
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Fig. 10. Demodulation process of the sensor signal.
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Table 3. Turbidity level and test wave type.

Turbidity level Test wave type

Turbidity level 1 Continuos
Clear seawater (2 NTU) square wave

Turbidity level 2 1 Mhz, 2 Mhz,
Turbid seawater (2 NTU) 3 Mhz, 4 Mhz
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Fig. 11. Clear seawater test - 1 MHz square wave.
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Fig. 12. Clear seawater test - 2 MHz square wave.
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Turbidity level 1 - 3Mhz
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Fig. 13. Clear seawater test - 3 MHz square wave.
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Fig. 14. Clear seawater test - 4 MHz square wave.
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Fig. 15. Turbidity seawater test - 1 MHz square wave.
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Fig. 16. Turbidity seawater test - 2 MHz square wave.
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Turbidity level 2 - 3Mhz
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17. Turbidity seawater test - 3 MHz square wave.
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Fig. 18. Turbidity seawater test - 4 MHz square wave.

e
B
o
o
9

Pi LPFEE| & o] 25 Al AL AIS55E7]
AE A w7 SEIUTE ololA ZEHStel
AR Ay E F3ehd TR TR o] wH 17
HEEZA R thgo] Hg 79 A& 4 == Sslth

B =EolAE FAEE e Feh A=

_ﬂN
o
_>L
fru
= o
E
Q‘L
e
_{
1
Q‘L

4 o rlf e Ay
(s
b
o>
fol
I
e
O ox

2
N
N
B
[
fru
o
ri
N
ojr
L
o, 4
o
3
=
O
td
Ry
Ll
:oé
I
2
et

= st=dxo 2 Bezks
oA A3t ehe Azl A3 A Sl S A a5k 740]1:1r

I3 115 a8 187K F 71X 9] g5 ZdoA A
THIE Ho 4 MHz 714 1 MHz G912 S7HA71HA &
FAARE BS W, F HAEAA FEE, HEEY s
& QARAFNR ASEte] A vlolE & H st et
Wl Zlolth, a S e AlEug e 7|E AT v S uier
o= Hogh Aol

ARAN, v R E 414

/\]

%

oo g sl (S AL 1) o
Ae] 441 98-8 5 Outsignal 2 - A1 alo] QuHAR) 41
EAe] PO S BEY 5 S W FEH S 3

https://doi.org/10.12673/jant.2019.23.1.61

66

t}. Rise & Falling time 40ns 4 ==°] 1, Duty cycle< 50% ©|
o} o} 7ol & =l A Aek Al S A 8-5to] L] 4l
SAEE A8 il gt Fge| o L——O]-Z—% a5
WA o7 AASHHA AP HuRol| 7k ¢

v.&8 E
PR AUSTE ST eloly a1 F4lel 4
ohal ma, e 2AE A4 8l5et] etk Eelke
o) Aurk £ AN AN 52 35T 5 YT UlS 08T
TN P P A A28 R ANE Sl
ok 58] Bmrt 2 el AN 5 73 B
AR R BARES] 249 9 °1 & o R

? A AES sl AU 3
FAEA 7ol AAR E3h A-S AL olst B

ol ZE A
v et XMH Sl57h 8 glo] vl
o] AE 87} 7hs sl Aol

ERE A el v Ve =
o] BUEHE S 913 A (&, 9
o)l HAE o] 71 WA R ol H SE 17 2
oW F-o] AlZh, Mg, AR Al 55 s A ste] vlal
A Falo] 2 A el = =5 ElolE] 3|57} 7s
}Ho] 2l 2ol

rﬂﬂ
on "

112)

; 2
Y
ARV

N

4 22 do o2
DN

K

[o

Acknowledgments

oA (A e} dmdpAee] g X
A wrol g AL ohEE AR Y MEr|eh (LINCH
AR o] At Aol AR B At ek WAk A o] Al
° 7 MUY AU ol e A (W%
A -8-ATAL], AT A S 18-SN-RB-01 )& S0 E A 7}9).

References

[1] H. Kaushal and G. Kaddoum, “Underwater optical wireless
communication,” in Proceedings of SPIE - The International



Society for Optical Engineering, IEEE Access, New Jersey: NJ,
Vol 4, pp.1518-1547, 2016.

[2] W. ]. Cox, Simulation modeling and design of underwater
optical communication systems, Ph. D. dissertation, North
Carolina State University, NC, 2012.

[3] H. J. Son, J. I. Kang, T. Nhat, S. K. Kim, and H. S. Choi,
“Study on underwater optical communication system for video
transmission,” The International Journal of Ocean System
Engineering, Vol. 32, No. 2, pp.143-150, 2018.

2 ClO|E] B AL A

[4] K. R. Son, “Performance analysis of the visible light
communication in seawater channel,” The Journal of the
Korean Society of Marine Engineering, Vol. 37, No.5,
pp.527-532. 2013.

[5] N. E. Farr, J. D. Ware, C. T. Pontbriand, and M. A. Tivey,
“Demonstration of wireless data harvesting from a subsea node
using a ship of opportunity,” in Proceeding of the 2013
Oceans-San Diego, IEEE, San Diego: CA, pp.1-5, 2013.

& 8 = (Hyeon-Joong Son)
2013 28 AL st MAPY 2 Zekn} (SstAh)
- 2015 2@ : skl 2l st 7| A F&tnt (S &AL
R o 20174 2% ~ 31X st=of UChetm 7| A Sstnt S iAoty
. 2ok =5 Y Sl
Z| & Al (Hyeung-Sik Choi)
1983 2¢ : et Ekn 7| AISEH (FEHAL
ey = 1989 2¢ @ 0|= AFRA FHEElo|L} ThEhl 7| AIS S (SEHAA}
wm 1993 2¢ @ o|= A FHEEjo|L} ci &t 2RSS (S5HEH])
§:* 199714 58 ~ 37| : sh=syebchstm 7| AZ st me:

Oo|AZX

M EOF: FHIO|E 2%, RS

Z T YU (Jin-ll Kang)

EX, MojAIx -, Hojo|2

2008 28 : Sh=al st 7| A SEta} (AL
2010 29: skl Lo stm 7| A ZSta} (S5t A}
2010 62 ~2015H 8%: STXZ MG MAy| g7 22
2015 9 ~3A: st=sl Ll stm-sh=sl 2ntsty| @l o Yotaty| ™ 2o stal aiilnby
A EOF L RRIESY-+=F ol S 0|HAIAH, FoAFME SHsE|A, =522 Mo
M F & (Joo-No Sur)
19894 9¢ : o|= sl ZCH =R (NPS) 7| HIS 2t (S A}
19974 6¥ : o|= Zi2|= o} thER! (UCSB) 7|AHI 3 &z} (ZstaiAl)
1997 68 ~ 20114 7€ @ s ZAIRE D J| A =M Z &} 14
2014 118 ~ & : sh=s S stm AT | S 7L s YA S A TME MEE
2 2ok LRI A, =FE, Hof, Z=AE
& M Z (Seong-Hoon Jeong)
2004 28 : Sh=al Yl st MALSASE (SE4AA]
20074 28 : kel Yol st MALSAlS S (S}
20034 38 ~ 2010 78 : RorEAOistn HE|o|C|o{E FE ot m4
2 e Areted P4
ICT &=87l&

67

www.koni.or.kr



J. Adv. Navig. Technol. 23(1):61-68, Feb. 2019

o] x§f & (Jae-Heon Lee)
20184 28 : k=l A st 7| A A AR STt (SEHAD
2018 38 ~ XY : Eh=ofl LSt 7| A Z st} of

=
HEHZOF 1 ROl A M|, ROl BHH M

4 M A (Seo-Kang Kim)
20179 28 : k= i st 7| A A AR Skt (SEHAD
20174 ~ SR : SFRSHLTHSHI 7| AZBHet o sl AALRKE Rf 3t

*EHAIROL: E 220/ U BUE A

https://doi.org/10.12673/jant.2019.23.1.61 68



