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Abstract: The wireless communication technology based on Orbital Angular Momentum (OAM) can greatly
improve the performance of the communication system under ideal transmission conditions. However, in the
actual environment, atmospheric turbulence and aperture mismatch can cause crosstalk between OAM modes
and increase the Bit Error Rate (BER). In order to reduce the BER of the optical wireless OAM multiplexing
system in a complex environment, an OAM multiplexing communication system based on the Vertical Bell
LAyered Space Time (VBLAST-OAM) code criterion under the scenario of atmospheric turbulence and the
aperture mismatch of the transceiver is established firstly. Then, the system performance are analyzed based on
the Ordered Successive Interference Cancellation (OSIC), the Markov Random Field Belief Propagation (MRF-
BP) algorithm and the algorithm OAM-OSIC. Simulation results show that the algorithm proposed in this
paper can reduce the BER of OAM systems effectively in complex environment and the MRF-BP has the best
performance. Although OAM-OSIC is a suboptimal algorithm, it has a great advantage in the running cost.

Key words: Optical wireless communication; Atmospheric turbulence; Orbital Angular Momentum (OAM);
Signal detection; Aperture mismatch; Bit Error Rate (BER)

AR E: 2020-11-06; Sml EH: 2021-04-04; PZEHIAR: 2021-04-25

MEMEES: M cuilé84@foxmail.com

FETH: EHKESW R RI(2017YFE0118900), %K AR %I 4:(61801062), HEETH HARRIEIL S (cstc2019jcyj-msxmX0288), [ #
12 J5 4 (2019M653826XB)

Foundation Items: The National Key R&D Program of China (2017YFE0118900), The National Natural Science Foundation of China
(61801062), The Natural Science Foundation of Chongqing (cstc2019jcyj-msxmX0288), China Postdoctoral Science Foundation
(2019M653826XB)


http://radars.ie.ac.cn/CN/10.11999/JEIT200955

FE11

TS BETE SRR LAYUE M ER RS 3157

1 58

18 M 3 & (Orbital Angular Momentum,
OAMENET 1% KA T AR Y &,
ML TP Wik A, IRIESM— A
EZEEN, JEAER, HOAME B REE B o E R
FH 28815 WA 2 7 AATT 2 2R3

19924, Allen®§ AN PHIESEHi o /K i
(Laguerre-Gaussian, LG)YaHFk 7 B Jig i 3 &=
(Spin Angular Momentum, SAM), &7
OAM, HA R 1O AME R 25 8] 4 b 1E AL
20044F, Gibson%§ NP HEH O AMP P R AE il
fEEE, HREHHBAESOAMIEGE. 20114,
Wang N IRGER T 2 HAOAME A G#EE,
LI T AMEESOAME A E LSl . 201348,
Huang®§ A\PI5E AL T 3288 M r OAM S F iE 15 1& i
LE 72.56 Thit/sMfAH#E2E . 20145, Wang
HENCHOAMBE L E M wmIRE &, KET
230 bit /(s-Hz) AT 250K

AR, OAMB A T 6 70 4 {5 4k
CINYS /55 7k )35 SN PSR 2 pvie: S ANTiTR eI M
PN B/ TNIE A 68 S VANEE | IR 63N LV 7S b= 2l 3 15
OAMIE(E RAttERE™. A T HESHETLLOAMIE
ERGAELIRI RPN, 5 3 KA IR
Y5 FOAMIMAE RGVEREREIT 1T Z KA 7T .
20154F, ARHH%E N B9FH GS(Gerchberg-Saxton) H.
EXRTOAME R AT AL IE, FER2~3 M EE Y
MRGRIGH . 20164, ZouE N OAMABE A H
RN Z PRI E B, 2 Rl
FEAH ST, A ROBEAR T R R AT O AMIE {5
RGN . [F4F, Zhaots NMELAFEmRmIGHEAR
HEATRRIERAR, 1=/ T OAM RS AE K i
MIPERE. 20174F, Zou%s NWIET /488, Kix
IR ) 2 LA AT Bl AL, Bellom R A58 28 &
FEER, /I TOAMAE K imm h I tERE . [
F, ZhangZE NPT 2 g e ), 8 57 KA
s FIMOAME HIEAE R4, XF L4 B 5
JZ2 0 (Vertical Bell LAyered Space Time,
VBLAST) J 5 43 205 (Space Time Block Code,
STBC)J7 ZXTOAM R G MERE IR T+ RR . 2018
., Yousif5 AMKEMIMOR i AR N T-OAM
WG RS, FAREUERIF S, REvEaes 2] 5
JeFt. 20184, Wangl5F NN E B M ik S
BAEPEREHAE S, BIES RN OAME H
RGN . 20194, Dedofd A0 it f A% B #l
FHALBE A, W R B &5 564, T GSEIE TR
OAMBE R EE IR . R4, AmhoudF AMHE

FEOAMASFIR S [0 i) H P22 e, SRELOAMAR S
WHAEESTBCHMIL AT %, I 7 Kmiit T
OAMIEEERE. 20204, SongZs NMWARHEOAM R
MAEEREE, WOAMGH AT AL B A5 A3,
1E—EFE R EFRAR T OAMABLES I BR 4R, #2747
OAMEAE RGEAE K I TERE -

g2 LT, e ELOAMIBIE R4 £ EM
H 38 NS BT T A B AN A B RO R . 6
FHENBRE RIFFBICBERCR, EXAZT
I 5 B H R R R M B R SliA s B (5 5 ab
ZHEEEZ A Z i (Multiple Input Mul-
tiple Output, MIMO )@ (5 #3547, 734 J—1k
BSCHE BB, AR R R AL I TR RE A AN ) 3R
o SR, WEERGE PR FETRILEE T Wi
. S S S SR A2 AT HBOR, DMERT AR
b DA -SRI B 2 23 SR 3 5 R BO6 IE 4O AM
HSHA%. H4, HEZHOGTLLOAMEH #24:
BRACR i fLARE D, AR SERR UG IRE IR A 5
HILAARRES . B0 TRL EAN T, A SCE#ESL T
KA LR KRE R T, HTVBLASTSfiLHE
MFOAM(VBLAST-OAM)E HiEfE £4t, M55
LI A8 BEX T R GE AT 0 b . BRI T AR
LUN

(1) @ar 7 R mif . LRy s T
VBLASTHEMFOAME HME R48, FFuEATHH N
BB HES o

(2) T ()RS, B 7R
iy FLAEREI = FOAMMBIBIS B KRIE; <
J& . KA IEST PO B (Ordered Successive In-
terference Cancellation, OSIC). H/RE KB
BAG EAARE T (Markov Random Field Belief
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VIthtk: P E(r, ¢, 2), RAEMEEH, MALREAEWN,
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(1) Forj=1:N
2) HEMA: U(K,z) =FFT (E(r, ¢, 2))
3) kg U'(K,z) =IFFT (U(K, 2) x H)

)
)
) FERBEHUALE: E(r,¢,2) = U'(K, 2) x exp (j x ¢(z,y))
) End For
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) e B AR 4 AT BLSR A e

1 PAR
am,n(rv Z) = \/TTT/O En(r,qb,z) exp(_jm¢)} (15)
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o= | a2 Prar

Hr, Co o REHEARMOAMEREm KB
hER, BARIOAMMILEE XK A
Cn,n

Pnn = %) (16)
> Can
3 HTFESHNEXNVBLAST-0AME
HBER%
3.1 HEFOSICHHVBLAST-OAME R &%
W@E%ilﬁ/\)ﬁ i 7 R B R AT EE
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HARIRI K. MR A 2 R EORI,  BEAL
ﬂtﬂ%ﬁl?ﬁ}:iﬁﬁ*ﬁm R A PRI SR VT e 2 AN

o DA NIRH TIESTHH RN, XM

& BRI 56 — J2 0K 12 2 BHE A USCEUHE R
f%‘?, A 1 e 15 R LA o I e LU B 8 S5 4 1
T

MRYESCHR[17) 7T %0, A58 R s T, A
RIS HFIOAM A LA W M 2 1. OAMAIHE
BYEBDN, EESTIRRRESRE . a5
P AR SBR[ Dh 2R 0B/ s i 2 B 4 0 [ B
K, EDEREFBAC. Fk, AT DLACAIEES R Z
AW LUK . A SO T AR O AM[A] (1) fig &
EIRR S, R TG OSICH VL A i $ s 2 HE P
IR, gt — PR A E s = A e R ) O S-
ICH .

TR IIBUCR B 0T AR T % /N TT
RZEMENZRE, R OSICH 44 N Tia F 4k
M HE 7 3% 22 T LW Bk (Zero Forcing criterion
with Ordered Successive Interference Cancella-
tion, ZF-OSIC)MIEE T f /N5 77 1% 72 HE U 1) Hk 7 3
T HIHBR (Minimum Mean Squared Error cri-
terion with Ordered Successive Interference Can-
cellation, MMSE-OSIC); 1fi AL OAM-OSICH %
[F) A AT DA 23 DRy 3k 2 5 o D ) HE T o 4 T P B

(Orbital Angular Momentum with Zero Forcing
criterion with Ordered Successive Interference
Cancellation, OAM-ZF-OSIC) 13 T £ /Ny 5 iR
7 HE I HF 7 3 22 T PL7H B (Orbital Angular Mo-
mentum with Minimum Mean Squared Error cri-
terion with Ordered Successive Interference Can-
cellation, OAM-MMSE-OSIC) &%

LAZF-OSIC W, BRI EIE 5, 7L
— AN SRR XS RLF AL [ W, KW riH 3R

Wir = W X, + Win (17)
Hodr, XXM EE R RIERAE, na el A
o W SR EERIN G SR LR R A
S C.0)) (18)
" 2w
Hrh, 5 TRRBEEFSHIRSE, 5RRR
W 75 )3 5 AR s E HCE 7 i gk fl. MK (18) 1]

DLEH, S ZRilEe 54 asoi e, Wit
CIRYY N[k AN R A €77 =Pan e x okl P 2 DN L e A
P 25 HAh B G 2 T4 . BARMMSE-OSICH 7%
EE AR S T L AT A, N T E T AT
AR AT GG B

Fe2¢h T OSICH.AEVBLAST-OAM R 4t Hf
(1) K it 25 B
3.2 ETMRF-BPHVBLAST-OAME F &%t

P22 3L T H R B R BEHLIZ MR Y . w]
DU, HRBHERBENLS AV 2 A0 TR
AU TR OURT LAY AW ST e R B T . Sk
FRER 5O0AME H ZGAH R, B4 EPAEE
W EE T 6 N MAT ARSI OAM LR E B,

% 2 OSICHEZ%

Witat: SHFOAMEH Ne, HHMEEH,
W g Feo

B EIRE T

(1) Forj=1:N¢
(2) IBUR & W FET-ZF /MMSEHEN] :
W = pinv(H) /pinv(H¥ 402 x In,_j11) x HY
(3) B WINE—ATRIEHL, HXEEHT, Eitm/ MBI
k (OSIC)
4) AW IR (3) (OAM-OSIC)
y(k) = Wi(k,:) x r FIGH & (HRALTT)
y(k) = W(L,:) x r HRGHE(HRILS)
7) AREEHE A B 2 k)

5y
)y
)
8) r=r—x(k) x H J§ERAT— A 2
)
G

6

A/.\A/.\A,.\

9) H(:, k) = [ ] 45(Z A K5 k5 E IR (LA RT)
H(:, 1) = [ RSB S 150E R (AL R)

10) FHBE(2),
11) End For
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FEETT RO AT B S OAM N # 5 B 1
Ab, WSS A5 R GET RE 9% R AT DL A A e R
G (s FHIR,  [RIFF G AH QL BR80T A 1) OC R A %k
Vi (@i, ;)R . MRF-BPE L2 R & 15 FE &
1% (Belief Propagation, BP)& L% 5 /R B R BEHL
HER N T R RIRAS B BN S B, S ERIs 2k
ST, BRI RIS H BEGET s PPIRASE B . S
LOAMEH R4, bW BT RS R 22

= %H@(Ii,yi)nw,g‘(%%) (19)
i i

Hordr, ZRRECor BRE  ORIE A BR B bR AL . R
BPHEVEN] LUK SIS BAES N 1T A BAR 3, A
T HEHTMRE H1 85 S0IRAS o 749 5% 38 31759
’LE/J{ Au\i%Tjjm],z(xz) TJ 'ﬁlmﬁ'f—hrﬂﬁﬁb ($z)
A4 bi (i) AT AR IR N
bi(ws) oc di(ws) [[ myalws) (20)
JEN(4)
N(§) R R i IAHAR T A
R (G B R R
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S EDEY ElRE]
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(21)
AR R AL, AT LR B ks 5
ER RN IERIE . BT 2EE0AMAR
AR m 2 IR (] A LA 3, PR T
OAM By /R B R FENL I 2 432 K, B Sk 0
WS 7, AR RIS BAAERRR . A
K HE S BLE 7 Ak Sk sk, R AR ARt
L — USRS B RAE THE S A THE A B
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AL A o mi () R eUGEARIN, 35 fa B3 E
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m Zqﬁl ()i (@i, x5) {

my ;(z;) = ammt Hag) + {0 = am)m () }

)

keN()\j

(22)

Heh, an,e[0,1]2FBHEERF, 0.2, #T5
IRBFRBENLIZ R FIVBLAST-OAM & 45 B 5

p(z|ly, H (Hexp —z; R(R; ;) :UJ))
i#£]
X (H exp(z;R(2i) +1Hp(l‘i))> (23)

Hep, R=(1/0*)H"H, z = (1/0*)H"y. ¥ (19)
5 (23) L, TR BIPE 1)CR
Vi (@i, ;) = exp(—2; V(R 5)x;) (24)
¢i(z;) = exp(z;R(2;) + Inp(x;)) (25)
¥MRF-BPHERM A T'VBLAST-OAM £ 4,
TEYH B SE P R UK 3R -

% 3 MRF-BPEx

¥iatk: m; =60,z Rp(ai = 1) = p(a; = —1),Vi,j €
(1’ 27 Y N)7 M%{%A%\%{ﬁ‘(ﬁ(ﬁz

1) For i=1:N @R
2) For j=1:Ni#j
3) MRHE R (24) i1 5 i 5
4) End For
5) End For
6) For i= 1 :N H72H#
7) MRHE(25) i+ b
8) End For
9) Fort = 1: M A ¥
10)F0r i=1:N
11) For j=1:N i #j

(12) HGEREREH SR, SRR I RS
fHEm]

(13 End For

(
(
(
(
(
(
(
(
(
(
(

14) End For

17) HRYER (20)HH B B A5 Zbis

)
)
15) End For
)
)
) End For

(
(
(16) For i= 1 :N FfsfEit s
(
(

18

4 HESHRERGERSH

PTiESH: R BEKN =155 x 107 m, L%
BiEz=1km, lp =0.001 m, Lo =50m, #H&EH
300, i HIJT O Z HEHI A B 4% (Binary Phase
Shift Keying, BPSK),
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AR E A3 5 FOAM IR 4l i it 47
GIMT, Z IR HT AR AS O AMZ A B AL .

B3 KA LA KA N RIOAMAEZ
aiE3YEpe . (7 EIEBAS A3IOAM, M E FaT
DU, BEEMIRMA . am s o, sallomis
TR IO AMALAS 41 B HT PG . RIOAMABLA AL
g2 B 2 AN, KA fLAE R
Bt 3] 2 5% O AM [PIASEAS 40 52 7 oK — 8 2 P IR 5

NT HEM MR (1) PR S s, 44
T BRSO AM M Z B OAMITI RE & R 41401 &
W, (EBH: PR RCE =1 x 1071 m=2/3,
AR Ay =5x10"rad, E4(a)l = 1
OAMABEZ B A AT B, BARMNEIETI =11
OAM, {HAGWES, ZGE]T Rl = 14MLABIEST
fem. F4(b)R5E4(a) RIS EAMHT, 1 =31
OAMIIRZS P, P MBS IIOAME A 24U
MR, ME—ANE AL = SHOAMERARE
BT = IMEHERER, TUAEH, OAMEE
ERK, KEtES™HE. Ed(c)l = 151 = 310
OAME H G IR, 454 K4(a) & E4(b) AT LA
FHIL = 1 = 3IOAME I 5 TSR E &
TS AM THREE, BT ARROAMIE M AL &

3 AFEIRAA WU 20 T BB Al
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