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Analysis of spatial transmission characteristics of
laser beam in seawater

HE Feng-tao, WANG Min, YANG Yi

(School of Electronic Engineering,Xi’an University of Posts and Telecommunications ,Xi’an 710121, China)

Abstract : Due to the initial divergence angle of laser and the scattering of light in seawater, the size of laser spot in
undersea transmission is changed, and the reception range is affected. The photons of laser with a wavelength of
514 nm transmission process is simulated in seawater base on the undersea wireless optical communication channel
model. The spot expansion model in seawater is established by statistical photon number and photon position in differ-
ent transmission distance, then the effect of seawater quality on the speckle space characteristics of Gaussian beam is
analyzed. The results show that when the position of the light spot size is defined as intensity ratio, there is a linear re-
lationship between the 1/e laser spot radius and transmission distance when the Gaussian beam transmission in the
seawater,and the linear increase coefficient is the divergence half angle of laser source ; when the receiver sensitivity is
determined, the light spot decreases after a short distance ;the light spot size is determined by the receiver sensitivi-
ty. With the increase of the receiver sensitivity , the size of the spot received is linearly increased at the same distance.
Key words : underwater wireless optical communication ;spatial characteristics of light spot; Monte Carlo simulation

Gaussian beam ;receiver sensitivity
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Fig. 1 Gauss beam theory model
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Tab. 1 Simulation parameters used in simulation
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Fig. 3 The relationship between the weight ratio of receiving
photons and the horizontal coordinates under different

transmission distance S in different water quality
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Fig. 4 The relationship between transmission distance S
and spot size B in different water quality
o B3 g K I AL EE RS S FOBBEEAE B 1Y
KAWE 4(a) WAL N LRA(S)
y = 0.0004143x + 0. 0008607 (8)
R B AT A5 I K o A R RS S ADLBEE 42
B ESCRME 4(b) UG g KR (9)
y = 0.0004179x + 0. 0008571 (9)
HE(8) F(9) Al A, BT R L LN i
BEOCIR AR E AR w, FIR B Dy, , TR I
g 7K R SC T 1 7K1 3 H O BE T A8 2 4 0 2% X
(10) Bz -
B =&, xS +w, (10)
MR (10) Hf AR5 7 5 s 3R 20
KRR/ EZ DI R B TR E . A3

RITE AR TR B 7B IR B3 i 5 S R Wi
JeaR AR, FBOCBEBRAOCIRIIE . 1Ve AEHE
FEAN TR RAEOEIR Y 1/ e AL RISCRE, BEAE B 1A
TR IR , 1/e bS5 o BE =2 e, Nk 2w,
JI AR 't 53k FE AR A 5 SOEBER /N I A7 B, /e
JEHER /NG IR A U T

x2 TREGREE TR LA Nk R
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Fig. 5 laser spots of tap water with different chlorophyll content
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Fig. 6 The relationship between the spot size

and the transmission distance under the fixed sensitivity

3
65 x10

—A— -30dBm

-27dBm
—#— -24dBm
I —6— -22dBm
—6— -20dBm

w
[FS-N
T

w
T

28 RE B RABUE T 16582/ m

45
4t
35k
3
25}
2 1 1 1 1 1 1
1 2 3 4 5 6 7 8
fEHRIPE R /m

K7 225 A R SRR L5 R B RDGBER AR R
Fig. 7 The relation between the transmission distance and the radius

of the spot when referring to the different sensitivity receivers
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