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Abstract: Underwater wireless optical transmission adopts blue-green laser with the advantage of fast and
real-time, playing an important role in ocean exploration and communication. However, the divergence of
the beam itself is affected by the absorption and scattering of water, resulting in energy loss and weak
signal at the receiving end. As a result, a beam shaping module based on Hadamard encoding algorithm is
proposed in this paper to improve the transmission efficiency of beam in water. The wavefront phase of
incident beam is modulated by liquid crystal on silicon to find the optimal hologram in multiple iterative
process and reduce the loss of light energy after passing through the underwater channel. The beam is

divided into reference beam and modulation beam and the angle of the two beams can be calculated by four-step
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phase shift. The results show that the energy of the receiver at different distances can be improved,

reaching a 2. 3 times increase in the energy of the receiver at 15 m. The finer the beam is modulted, the

better it focuses.
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Fig.1 Block diagram of beam shaping system
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Fig.2 Example diagram of the Hadamard matrix
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Fig. 3 Diagram of a two-dimensional matrix transformed

from the Hadamard matrix

FH V2D A0 7 1Y J7 1k AT LAAE B b AL AL A P A
JCRIRINL 22 o DI, 7R — B b 4 Az 1
= (3) R

(T)(H"(/ew 1)
B = (B 42
m=0,1,2,3, (3)

Hrfg, M)%nwﬁxfiﬁcma{m,("?)
S A URHIRS B AE L 2% 0 R 8 6 10 4 48 7T A
g

o=Arg[(I,—L)+i{(L—1)], (4)
Fort L3R i MR R Arg () FR 1
B ff o 537 1 4 S0 R T 22

b (k)=¢, (B)+o(H,(E)+1)/2. (5)
7 4 HEA 4 fl i 75 7 e

5 7% 4 B B AR AL 3 AL DL 16 16 M ik

BTN
|

]
| WAk HE |

|

B udsNE]

Pt bo
BLYARYS ¥

K4 fefbid mi i

Fig.4 Flow chart of optimization process
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Fig.5 Phase shift operation diagram and optimization

process
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Fig. 6 Diagram of the system scheme

A &, — RN 0 BT HE S AR, B T
W AR M R E I N R AR WL R =R A
75 Ak 1 T 3G D BT HEAT R L RS e R 2t
B BATY R O LR TR EE R . 8 bit
R A W AR AL R T B s, B T IR O R A 4
WKFEZ G WG BEIE S0 . DA o6 AR B AR
A AR HEA LM E a2 8K, |1
EXEECI By

B 7 7R T /K T AL 4 2 15 m b i 32 i o v
O JETR A L AR e o 8 FH Y A TR O A 2 ]
e R I 16 X 16 4SBT, F S BT B
20X 20 M8 K o R TS T AT A R 8 bitAHAIL,
6 5 U Y BB AE 0~255 22 [8], B ok, o i
Ko BI78R, 40256 R Z )G, LM 22 §2
FH#E 51,48 T T 2. 345

FRUEER/ (au)

50 100 150 200 250 300
BEACUCHUK

FI7 G AE 15 m A iy AR £k

Fig. 7 Central intensity of the beam at 15 m with iterations
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Fig. 8 Sequence diagram of hologram iteration
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Fig.9 Holograms and beam spots at different transmis-

sion distances

JE A AR L T B ) % i R, — O i 2 i
o YOG TR B A 1 R PRI A B SRR R AR e R
GLPERE , O3 — T I EOR B A ok AR R A
BOAN P g Y A W S F R B O R AR AL
SRR BN A 5 (EL R AR B I, FE I 2K

Z * X #:

— = QxR IRI R
8" —o— 16161 KA

EPdi)’t?ia‘Eﬂ{%ﬁ

S

i 25 /m
P10 A [ 98T il kT vl ST B A2 i R 9 7 1

Fig. 10 Central intensity of the beam with transmission

distance under different modulation quantities
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