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Underwater LED optical communication technology
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Abstract: In order to reduce the influence of error coming from installation of communication terminals and
pointing error of maneuvering targets in underwater working environment, the structure of underwater optical
communication system was given. The light spot recognition and positioning algorithm based on intelligent
bubble elimination was proposed. The effect of bubbles on link stability of underwater optical communication
was well solved. The simulation results show that the algorithm has good robustness. Considering the
characteristics of low attenuation in blue and green spectrum under water, an emission scheme of six lamps
(central wavelength A=450 nm) based on beam combination was designed, and a link model based on error
parameters was proposed. In the simulation channel environmentof pure sea water, the experimental results
show that the receiving power of the receiver was more than —20 dBm through 50 m channel attenuation
when the distribution of transmitted light intensity was the flat-top and the divergence angle was less than
10°. Meanwhile, the eye diagram opened well. Otherwise, the performance dropped sharply.
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Fig.1 Hardware architecture of error detection
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Fig.2 Image of received facula under the influence of

underwater bubble
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Fig.3 Schematic diagram of eight connected region
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Fig.4 Schematic diagram of template matching of high resolution

gray image

S ERiER S, KPS X RE R F R,
AR R, 1 R, 5 BI{H Th HL58, i Y6 BE AL bR (X, V) T
FRWT .

Xqﬁgghwg{&SMRﬁﬁm&zn
X, V= (6)
X=x2+A2/I— , Y=y2+1;]— .R,=Th,R,<Th

B Y e 28 119 ' 4 A Al 1) £ 5.6, 0,) T R IR UNE

0.=X-E-

(6., 0,)= i )
6,=Y
o f

K .p HIBITCRAF f A REER . Y R =Th
BF A R G B E e AR (3).

(3) i AT K

F AR AE B 3530 6 T Dy Sl A5 Al A 2R ot 22 12
XoF Y W AT R, K D s AR S AL B Y 1R R
HEAT A AR VT L, 96 TIF DT A 2L o DS G ARG H e
R, PEAIE BB ERIR S A R, WO R — A 2
A 109 J77 S0 A5 A F BT E AT VS B 5 45 T AT 1 50 A A 34 DT
e 0 A%, U AR 495 75 = Bl Bl s o7 A B B B A

3 ETRESERHRKRERE

G 0T AS TR K A R O B R B
(10 F%5 2 K B AR T], an gk 1 Rt

&1 ARKEAEBRBRRY
Tab.1 Attenuation coefficient of optical transmission

in different water areas

Hich Continental
igh seas
water  seawater & shelf

0.15  0.02-0.03 0.04-0.07 0.09-0.12  0.14-0.18 0.37-0.43

T P
ap ure Beach Port

2 FIIE K T ) BT A W ACRT RS S R G4
U ZR B W R S B ik = R, TR R
c(V)=a(A)+b(A) 8)
A AL i v R TR DK P S B R A, Hoe
F ] F AR U0,
L\ dy=exp(=c(\)d) 0)
Wit 5 OE A AE K AL HE 32 2100 A W S A Y
FEMR) G ROKE ) B R & B, SR IEES KR Ak v
FeIR L SEER N I, X F K A BRI, ] DL B
JRGEAR R AL, HO R B A RE A0 3G AR A 38 oy
A0 LI ] AR R
I(d)=Iexp(—c(A) - d) (10)
K T BN od s e(A) 8 T 7K 6 6 B 32 00 R
d A CAE s R
H 55 k /> LED KT 2k & 83 % o0 e ] iy 06
R RS,
1k=(1—1n2/1n(cos(u)))ﬁ‘2’;ﬁ (11)

A PN k4 LED 4T Bk ;u iy LED 4T Bk
KEEM, BEHME R KT ERR .

c JjE(A)V(A)dA

KM= (12)

b

j CE(Vd

Kb AB 5 a b 73 526 A i R B SRAL nm;
& %k A0 9% K 450 nm B {6 P 4 4 /9 LED, B
a=b; W k> LED AT Bk 63l i (k)T KR .
¢(k)=P(k)- K(A) (13)
KPR kA ITERI AOGI % 455 A1),
KA PR T L W R ECINT

_ n 2'ﬂ'Ik
P=3, K(A)(1=1n2/In(cos(u))) w

rfon iy LED 52 FR T AR KT 2R 00> %50, 45 & 30 B
J6 LED & G/KF, CH kA 6 4~ LED KT 2k 55 i1 HE
i 77 %, 3 n=6,

ELPRK AR L B, BT AR AR B iR 2= Al
B T v R 2 B E DR 25 O AG, UK TR T B I
K5 i,

0913001 =4



bl ok TAR

% oM

www.irla.cn

% 48 A

Receiver

Transmitter

P 5 /KN {5 3 G BE B = 4 LA i Y

Fig.5 2D geometric model of underwater optical link
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Fig.7 Results of ray tracing simulation
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Fig.8 Flat top distribution of optical emission intensity
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Tab.2 Setting table of simulation parameters

Parameter Value
Wavelength/nm 450
c(\) pure seawater/m™' 0.02
Transmitting efficiency ), 0.9
Received efficiency 7, 0.6
Channel efficiency n 1
Received area A,/m? 0.012 67
Emission intensity of lamp bead/cd 22
Half-angle of lamp bead emission/(°) 65
Installation error A6/(°) 0
APD area/cm? 1
Beam divergence angle/(°) 10
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Fig.11 Eye diagram changes of error compensation
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