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Establishment and Simulation of Underwater Photon Spatio-Temporal
Random Channel Model
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Abstract According to the complexity of photon motion under water caused by absorption and scattering
attenuation, this paper establishes a photon spatio-temporal random channel model based on the tracked underwater
single-photon motion state. Considering different types of water qualities, link distances, receiving apertures,
launching angles, and field of view angles, the relevant information of the photons arrived at the receiving end was
counted and the factors influencing optical receiving intensity and channel impulse response based on underwater
single-photon communication system were studied. At the same time, comprehensively considering the photon
emission, underwater photon movement process, detector characteristics, and synchronization signal extraction
method, etc., a data demodulation scheme based on photon counting in the time slot was adopted and the system
performance was analyzed. The simulation results show that the launching angle and receiving aperture are the main
factors that affect the delay broadening. The larger the receiving aperture, the smaller the system bit error rate
(BER); the larger the link distance, launching angle, and noise factor, the larger the system BER. The theoretical
communication distance is about 185 m. The results well describe the characteristics of underwater photon scattering
and pulse delay broadening.

Key words optical communications; underwater communication; photon spatio-temporal random channel model;
Monte-Carlo method; channel characteristic; system bit error rate

OCIS codes 060.4510; 010. 4450

YrfE B ER. 2020-12-09; fEEEHA. 2021-01-09; A BH: 2021-01-20
EL2WH: EEA KP4 (61865010, 61565012) Y1744 4% H 35 4 A A ¥ Bh %1 (20171BCB23007)
BIS{E& . “yangiurong@ncu. edu. cn

1706006-1


https://dx.doi.org/10.3788/LOP202158.1706006
mailto:E-mail:yanqiurong@ncu.edu.cn

1 5 E

VT ARk, 7K T TC RO 3E 17 A2 B 45 S0 B R ik )
Z W SC T, Al LA P A v 0 42 55 e AR S AR A i
W KR S O A e BRT, K
T ICZE R R A AR OE (S H R KRR
BEAR A AE B AR 3.l g U5 3 5 B e 75 BB ) B
SR, {FLAE 7K R SR U™ B, LR R R R K A
R B 2 B 5 K A RS2 B Ok T oK 90 ) A R
B A7 75 38 {7 3R BAR L 58 R SRR L 2 R R0 ™
I Th s AR CRr iR/ S N> SUBZ YN
AR s, JE R UK R 450~530 nm Y 15 4% O 7
KT B 30 U A LA 1 B /INR 22 R R SR OB AE
R BN K R B AR R

oL AR R G & v 2R HOE — 4 (LD)
5RO A (LED)FE OGRS R 28 B YOG I &
SEFASTRD AT 7= A 0 LA 3 el B B AN ] . 30k
e Gt oy AR, S S AR B rp EL R R R A
1M LED J& —F & & J (R O6 IR, A0 4% AR (16 &
U NS v ) 8 (R 0k 4 W D S 1
R G M (PIN) V3 A G L =% (APD)
Kol A5 5, TAEZERBLRL T =0 i th 9 2 5/ i
HLE A5 55, BRI R U A, R BCRFHE B 2 BRI
Sy 52 I3 R S GE 1 L K HO6 F B 2% (SPAD) H
K65 5, s — 3 90 B B Bl AL RO kol
ARG SO R EUE S

FEAE K AL B B 23 2 2B BT R , O i R
W EE R E L M Ah Y e R A R BE B AL
B, IS 2 5 SOk b R BE NI AR R R

LED atten:uator

diaphragm focuéing lens water: tank

£ 584 F 1781/2021 £ 9 B/HAEXBFEHE

I3k B8 520 PN B A S T HL E A0 I A R R
Geue it rg oS AN AR 48 S MO aE 9, AR I
{5 9 R 2 () 7 A A8 B AL R B B R OR 2 T
FRM SRR I R S K TG E AL, 3B 15
S BN ReEr R SR 15 R 52 4
REIFEBEIE T K T IG5 28 R 8 {5 & 4
e B B A4 5 R o SRR [ 16 1060 £ 18 A 3 A 1k g 2
PV FII S R 2 O ik i sr 1K T O {5 E
BERL . SCERL17 1285 1K Pl fE 5 E R DT K
S5 ARG N0 £ 3 s BE AL e 8 S R B O ik
TR RS 5 BE B K T Ao AE A SOk [ 18]
BEXT PR L2 A T K SO K il A e I A A
SCHERL 19 TEESE 1O 7 BOK T 4ol 5 & 48, f
MCE SR Y B 0Dk b SR S SR 1R 5

A S 645 B S 8O K R O il R4
R TRV I R W, A SCHESE T KR 6 I s BEALAS
R WSS T T KT BO6 Tl £5 BO't He i 2
AR 8 K ofr me) RO ) 2 W DR 3R 5 TR I, SR T — b
T B PN OG- B Rt A R T 56O LA R T
ZHRM ARG F(BER) KR

2 K THOLTIEAR RS

Bl LK R SO FilAE RS 76 & 0 il &9
KA (OOK) 1A i 5 i 57 H 47 5 5 3% A LED 3K
S HL 3 S AR AT 5 KN R R R 2 B . K
SFF ity 14 2 8 AN A AT R T SRR P LA
AU /N RS B T R AR R B A R R N
HE LA FLE B, O TG TR T L B
B B T Ik b 3 e B A HR R R

focusing lens

data
processing

detector

K1 KT e Tl s R 8

Fig. 1 Underwater single-photon communication system
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Fig. 2 Data demodulation process based on photon counting in time slot
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Fig. 5 Received intensity versus distance.

(a) Different water types; (b) different launching angles and different water types;

(c) different received apertures and different water types; (d) different FOV and different water types
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(b) different received apertures in clear water
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