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Abstract

Non-line-of-sight underwater wireless optical communication uses light scattering for transmis-
sion, which can alleviate the alighment requirements of line-of-sight underwater wireless optical
communication. The impulse response can well reflect the channel performance of the underwa-
ter wireless optical communication system. In this paper, an improved non-line-of-sight under-
water wireless optical communication transmission channel model based on the pointing proba-
bility method is proposed. Based on this model, the effects of different seawater environments,
different transceiver distances, and different wavelengths on impulse response are simulated. The
simulation results show that the pulse broadening effect decreases with the increase of light wa-
velength, seawater turbidity, and transmission distance. The proposed non-line-of-sight transmis-
sion model provides an accurate and realistic method for channel feature description of under-
water non-line-of-sight wireless optical communication, which has a certain reference value for
analyzing and developing an effective underwater wireless optical communication system.
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1. 518

bEE NRGEHEXRRHEEY, REEFEF. RPEFERSR B S a R RN E RS2 —. 2R
WG PERF R IR B SC DK N BB R ECAE A . HAKE@EEL]. HPHUR(E I, KT TLBlE
(UWOC) PR H il o7 58 K ARZER o &1 AR 28R /N ST ISUR 38 S 35 R 7K R o438 A5 It 78 #4 3] [4]
[5]. MRFE/K T ICL IS P S0 i B Sl R AN B Bl (5, 2 H AT R B 78 103845 7 30 [6] . (HAEMF Ve
W WORHLZ [ANEAE Z BT, MER @GR ERE T IE[7]. miIERFE/K T 6I8E(NLOS UWOC)H)
FABC e se bl s, HARVEMME KRS e R A AAIFEDN, RXTICEHUN HEE SR BRI RK N
2o s )7 2[8].

NLOS UWOC ] j& it 7K 11 ) S S [9] 3K HR A/ IR -G U [10] S BIEAF « I 2647k, % NLOS UWOC
FRIRIE 50 2 B AR AR T 1 B 5 S0 IUE P9 5 T Shlomi Arnon [11]%8 AGIERH 1 I /K TG S8 S2 P NLOS
UWOC I RTAT 1% . Tang [9]55 AAE 2013 4T~ ZRe-RI& 77 LA 78 BEALIE [ 3 FE 6 NLOS UWOC #E {155
Wi, RIS IR LN, 2 EEUOCERNUE S G HUBCORE,  BUR 6T DL AR I 4%
WSS MR . FESEG T, He Gui [12]%55 N R T 435 %t NLOS UWOC & M, REATEA R
SN TR, TSP B AL 2 300 Mbps. 1RAGE 3.10 x 107 f13E {5 BE %

2014 4F, VK Jagadeesh [10]%5 A\ 3& T 5245-£ % 7781 Heney-Greenstein A UHF 5 1 6 FAE AN [EJ /K IR
B BSOS f R R ARBE AR SR I AR, R T BRI MK T RG ARG HERE . I T A LA
PEAHEALEE AR RS 2, A0 B G AE A [ /K AT Hh A5 4R 25 [13] . Sun [14]55 AR A 375 nm 2840k
TEASFSCR L LT AR . KR5S 3547 NLOS UWOC S236, 35 405 nm 6% ELilifs RgilkRE, #
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BHTER N A B I g K IR BRI IR K T RGBS M RETE 4 o T iX —SLER LAY, Sun [15]
S NFET NRZ-OOK 77 W58 1 377 nm /K T AR @S RGAEFE MK P F@EE iR, ST 85
Mbit/s. 30 cm FEEEEERE, I H UK PATICE R, AT SEH 72 Mbit/s (118 {5 32

IRXT NLOS UWOC I 7T 3= B R RN F1 R/ INeF BR AR AR AR IR BE R, 171050 T A% a1 T ok v e
R TR, I BRI KRB D, A 3 A6 DU Fh g K AR AT AR . % B 1), AL
I FH i T e 02 5O ) SRR R R L I 2 ORI RY , RIS T AN [F K IR L AN RO LR =S
AN TFE A R T B A LR A A A 0 R it . o FEAA B FC AL b, PR ST TR i
FKIREE AT LG s AR K R IOt IB(E L s E P Re .

2. TR SR
2.1, EKPERMPOEERR

7K e Rl B IRk T R 1 TR IR B AT ML Rl T KO R . PR R a(4) R R 8
b(2) For, FRALC(A) TAHRMER, FrN:

c(A)=a(4)+b(4) (2.1)

SR T S 3R BE A B 2 AR 2 s K A A S B 7 Tl B2 PR AR 1 o SR ORI FR 7K 29 F
BIFIRL, R S A ML EE AR RR

a(2)=a,(4)+0.06a2 (1)C** +ajC, exp(—k,1)+aC, exp(—k,1) (2.2)

b(2) =b, (1)+B? (4)C, +bf (2)C, 3

Horra, (A) AL KRR E ag () AMHER R IH— IR R B C, I Cy 35k 345 8 A0 15 e Ak 2 «
b, (1) A4k EE 2E b () Fb (1) 5 B /NSRRI BRI RO 23 C, R C 2 K/ NBIRLY)
WRIZ[16]. AFEIEEKIAEE 2R RIRE a4 1 fi[16].

Table 1. Chlorophyll concentrations in different seawater environments

* 1 NESKMEHHRRRE

Y&t 453 25 B (mg/m?)
afiig K 0.005
KK 0.31
1K 0.83
TSR 5.9

TCAETK A ARSI BB R 1 e R AU, AR BICH A1 K/ INRT ) T RSO R RN . 20t 7k
I B A T e AR RSO LRI B o D6 R AR TR U T % /N Ay

B=-8 (2.4)

B Ja FIHUR IR b A5 U R4

I 2 7 (2.2)~(2.4) B EUEAS LS H VUSRI KA BT A R B IR R B BIOH SR8 R TR O
A LR . B 1(a) AT BAE AR BE (A K . RPEK IR K)ME K RS, UK AE 400~580
nm B S IRISCR B /N, 35/ T 0.2 mt T sk R v R A K R TR A SR A K
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Figure 1. Relationship between optical properties and wavelength in different seawater environments. (a) Absorption coeffi-

cient; (b) Scattering coefficient; (c) Backscattering probability
El 1. TREIgKIMENAZFESRKHX R, ) WRY; (b) BSHRE; () ERBEHHTE

RSO I 1 D RE R R SR T AR D B R O T 5K TR TR I R . A 1) RERS A
H, FEARIR KIS, HIUR AR B KB SN TR o 02 Bk SR IA S, A FDEIEUN &
HHGE, EEIRTEARRE K IASE, 152 i T HOKIABE AR IR B, R A IO AR K 8 T o

ME L) rarsn, BEECBIEI, S6 TR A AT AU RGN JF H5 ik BE KPR U AR
PRI AT B i AR O S M
2.2. HRESHEEIEE

SRR PR — M T MR R A I BE N B BAROL TR B B LS shd 2 1753, A
FEQIA 2(a)fr7m,  BLITVARENS I M AR L0 T RO S RIS s P, ELEDE 1l e g UoR 1R BRE
BN A R BRER, ECSIOR (AL [17]; 170438 i) R V2 et 1 22 U AR Y, REASAE AN BB R 10
THOL T AW T BRI AR RS, R — AN T AEAR AT — IR S 5 A I E S s Bk el
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Figure 2. Comparison of multiple scattering models. (a) Monte Carlo method; (b) Multiple scattering model improved by
pointing probability method
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HT 7 [ ORI B AT, S T B I LU T 2. RN KR, BRI
Ry, BB, W R, S7EBICHIIAATGEN, Yo TR AR IOR B, B TR B
FIBEEE . 6 T7E R SRS, TR s RS, b TR Ea b K, AFEHE A
O R BB, T R, ATEBUCR IS A TSR, R T B S R e R
BRI TORERS R, % U T DU KA . 06 T 334 B U (B R B i B AN, b TR
7. FR MR R AT DA B — A TRE SR BRI T IR, 3B L R G BRfa 3
1.

AERUBE AT 2 OO BB 1T 3 R, A5 RS T, WETE xyz bR R 5L A T (0,0,0) e
Wi R, VT y RO TE 4 b, BT, 5 R, 2 I RUBEEA d. G C, 4 B 2677 R ST e RN f6 A 1
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Figure 3. Non-line-of-sight non-coplanar multiple scattering propa-
gation model
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Figure 4. Geometrical schematic of the scattering point
pointing to the receiver
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W78 hy sURABCR G 6T IR 7 1 FE BRSO LRI i T B A O BE R 415 v SR D0 T R = FT 2o
N

1
by, = 4_nL% Py (C0s6,,9)dOQ (2.6)

LA Py (c0s6,,9) 9 TTHG AU B H, g ARAARXSFRIE T, FLAIR A0 1F R RS R Kb
S50 U R, 6T HIUN A hy BRSNS k' BT D AR S A E il s

p,, =exp " 2.7)
LI 0 HUN G, 6T R AFIE IR .
w, =(1-p,, )exp(-a-AL)w, (2.8)

122 30(2.6)~(2.8) 1T AR B BANETAEER n YR 5 BA R BE S

Py =W, - Py, - Py, (2.9)

W, BASGTAERA n IRBSH S 5 e SZ AR 21 SR 22 4 [17]:
P= z:zlwn P Pan (2.10)
AR B, (ER3RDE 16 &N A B Bk 2 404, NI i3 NLOS UWOC R 41518

LIS
2.4. Bk RL

ARSI BN 2 U R R N ASE TR n R A& st Rt AT REatl, B8RS TEA
I 1) B A B A LI B KT E AR o RE 25 (8] BOG 7 BITA BRSO LIRS B, A2 s 5] Py 65 2 (1 488
FACTR T T B a5 T A5 38 i i 1z

BOETad n KEUH JE 2L RE S, BRSO S, IR S [18]:

S=n+X r 4t (2.11)
R, 6 RO A Ry OBERTL 1, SR R R BIBCHLIERS, kT A BT P A
AL . WATREET AR KB ABITE R 8, 1, ==, C A,
T S BUOBLRONS 11 9353 N IR, o, o m B, TR AL, R
t, —(%j <t, <t, +(§j U T BB CHLERT 25 m AN [ 5 74 -

AT PATHE N ANYEFEDT I IRENES 5, FRURL R kb 5 «
_\N 1 Py _[At At
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Table 2. Simulation parameters

Fz2 hESH

FAFHAY 24

Pk (nm) 388. 405. 450. 488. 520

ISR LB B (m) 0.4. 0.5. 0.6

R AP A (mrad) 0.5
BRI %2 7L 1% K/ (mm) 0.3
BN A (rad) 3.14
WCRHIA() 10
RIF B £ () 10
FWSHUREE F(°) 0
JaF R 10’
AU B {E 10°°
[EIR/E 5
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Figure 5. Influence of transmission wavelength change on im-
pulse response
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Figure 6. Influence of seawater environment change on impulse
response
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pulse response
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