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Abstract This paper presents a method for high-dimensional information modulation and demodulation using a vortex
beam for underwater wireless optical communication by identifying the superposition state of orbital angular momentum in
the vortex beam. The method and process of identifying the superposition states of two vortex beams are described. The
topological charge numbers in the superposition states are obtained based on the light intensity distribution diagram of the
superposition states after water channel transmission. Based on the results, it is experimentally demonstrated that the

superposition state of orbital angular momentum can achieve the modulation and demodulation of 16-dimensional

information under low-topological-charge conditions. Thus,

beams in underwater wireless optical communication.
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Fig. 3 Processing of experimental images. (a) LG superposition state’s light intensity distribution diagram whose background light

noise is filtered ;(b) binarization result which is used to identify number and region of petals; (¢) maximum extraction and Pratt

method circle fitting™”

T A5 R T T M MR A B(E SR R 4 57 BRI, LA
(RO C S S I LI L o o T 4 I S I 2 v NI N
5 pixel X 5 pixel i) F X 3 . X T 45 & 0 46 3, f Kok
JE 0 17 B A O SR L R KO 3 5 I T DO hl
[ 3Ce) s = AATEhRic A ] o SR 5 AR 46 o't 58 o KA A5 48
B —AE IR A R R r, = 177, 97922 pixel ,
BRI LN 0.02691, Xt [ JE K B AE #4700 — 1k
ARG TR B AT 360 SR EE A, I DX 2 A 40
BN 9 MR R K BE T B AE R R A UK FEEA . AR
T A6 7 57 75 £k J 3 I3 360 A SR A A8 Hp 3k B4R ] 4
4 5 R R 3 DA R B /N R B T A i R R i /0N R JEE 1 3
L R 43 53102 S 6 0 A5 04 I R o

fe e, B G R S S 00 A5 25 2R 1, A T, AR
A (L), AT LIS B (4, L) A T RE 4 A 19 DF 0 eR 2K
(B, A 4 ffs o WTRVE I, 2 (4, L) H AR (6,3) 1),
P bR B S5 /0N, T LA TR S 19 28 0 245 1) 0 I fr £ 2
HAH(—6,3). BB, AT L 0°= 0. 87521, ff A &
255 0. 992,

3.3 KBFEHRREXRREBMESHESSHELR

KR G A T A R v A B HEAT G 5 A

2.1769

0.9057 H
0.1242 0.1591 0.5037
| 0.1296 | ;
i ar & & 0%5 ﬁ

00" 18 27 36 45 54 63 7,2 81
Combination of (I, 1,)

4 ORI (4, L) A I BTN R R (R
Fig. 4 Evaluation function values in different combinations
of (£),4,)

TR 7 AT T 1 L o R R A D 5 G A 5 g A T LAl
FH oG {Z )5 4 39 Reed-Solomon %\ LDPC #5% % J5
e, A 3C T AT R R IR E O TR B i A B T B Y
P 7 B AT 1 A S 5 A R O

TE B NS 7 A B, A SCE SR S A
BN SHIMTE KRR N=|[,— L], TEE W% 5 5]
12 22 [a) , 4 ol 46 90 B8 BOAS [R) 4 Fmf B0 41 A 14 8 Fl iR
BENCHR BN, — I 64 Fh . 76 2 B 7K A7 I8 15 5 (14 iR
JE G o B N 25 1 S8R - 5 B, I SLM 4 8 e 6 R
BINZS I CCD 515 213X 64 Ff B 0 25 /9 658 4
A, LAAEIRECS A, an s S TR o R)E A IR
5 LAY PG S5 2 A0 AT o R L AR S 6 A 64 Ff e e B
16 Fl 1 R R RS

6 T 7~ B 16 b i E O o B I A 2 48 3 B %k 2
Je F T A5 B IR 25, T AT 1 16 4 iy s i
P& 6 JIT 7 H00(E A5 40045 3] B0 BE 36 PRS2 56 1R B T I
R—F, E,ARSCHAT T I 0G0 B2 fR
BT MK G EERLR . it EX 16fE s
A A7 4 2 TR K N 28 2] SLM rf 7= 2 A1 R Y LG
SR S INAS, B8 A 4 B A B R S R R R &
i AKAFIE R CCD #5045 2] 16 F & i 25 19 6 58 43
A7 B e, A R A R O ik AT B A LI A
Bl i A B0 3 AR B, BT R E B R

FEA B R Y 3 AR e, AR SR A I T A 48 00 1R
J5 35 R 5 B I 2 B AR Bh i 0 AR F T, BT 7 R X
16 R BN LR A4 £ . [ 7(a) BoR T4 &
By LA KA oR B 5/ ME 5 58 A B/ ME T HER o
y (/N U8 B R 00 4 SR 5 T 400 D P R R A v 5 (R
/I U8 B U B ) I ar B8R 2 S DA At 4 F T B 4
BEHOR . ATLAE XA SRR /N B T SE 5 45

0901001-4



£ 605 FIH/2023FE5 A/HMAESBFFHE

(1,-4) (-1,4) (2,-3) (-2, 3)
(3,-2) (=3,2) 4,-D -4 1)

P52 oK {7 T8 A4 09 e D't R & i 250l ik 4]

Fig. 5 Light intensity diagram of vortex beam’s superposition states transmitted through a water channel
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