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Abstract In this paper, an enhanced optical spatial modulation (EOSM) system with a variable number of activated
lasers is proposed to solve the problems of low transmission rate and laser utilization in the traditional optical spatial
modulation system. The spatial domain mapping is increased by activating index combinations of one or two separate
lasers each time. The characteristics of pulse position modulation (PPM) are specifically utilized to distinguish the
various types of mapping. In this work, a detailed discussion of the mapping rules of the spatial domain and the
signal domain is given. The theoretical upper bound of the bit error rate (BER) of the EOSM system for the weak
turbulence channel is derived by using the joint bound technique. Furthermore, the performance of the proposed
system is compared with that of three existing optical spatial modulation systems. The results show that the
transmission rate of the EOSM system is greater than those of the spatial pulse position modulation (SPPM) and
spatial pulse amplitude modulation (SPAM) systems when the number of lasers and the modulation order are fixed.
Considering a transmission rate of 6 bit-s~' and a modulation order of 4, the BER of EOSM system is similar to that
of the SPPM system, but it is significantly better than those of the SPAM system and the generalized spatial pulse
position modulation (GSPPM) system. When the BER is 107°, the signal-to-noise ratio of EOSM system is
improved by 4.5 dB and 1.2 dB compared with those of the SPAM and GSPPM systems, respectively. The
computational complexity of the EOSM system is 17.78% and 2.6% higher than those of the SPAM and GSPPM
systems, respectively, and 70. 2% lower than that of the SPPM system. Moreover, the EOSM system can
effectively improve the utilization of the laser and greatly reduce the construction cost of the system.

Key words optical communications; wireless optical communication; enhanced optical spatial modulation; pluse

position modulation; transmission rate; bit error rate

WREBEH: 2019-07-26; 1EE HEF. 2019-08-27; RABH . 2019-09-26

HEWE. BxHAREIES (61861026, 61875080, 61465007)  H il 4 # & JT &5 & F KR WF 5 W B W B (2017A-
011) 2% M B TR 218+ % 4 (03-061616)

" E-mail: 15117024169@139.com

0306001-1



{5

i

OCIS codes 060.4510; 010.1300; 010.1330

15l B

15 25 A 2 1 (MIMO) BRI 28k il 6
P R B 3T AT R TG 2k 3l A (WOC) 4358 4 BF 5% 44
P (5 ¥ (=1 1[5 K RE 7/ N a =Bi=1 o1 | i B 2 =
B 5 Ak B0 5 2 A e S BRI T AR S B i )
RS . Al T A ARREAE R fE B AR, 2
(]I 6] (SMD B 3z 1 A . BAE b — o 8L i MIMO
B A AT 2L R FH 25 (8] 9 R 8 A% 4 1) — 4k O
5 B Y B =4 8 S O R B S M
BT IR A RML A5 2 . R, 23 (] 98 i Ak 7
] — A5 JE1 3 AL — AN OB 78 1T A R0 sk e (s
TE ] 0 ) 2 e R PR, s T 9 A A SR R
ot R HOR IR T A AR

S 2 (] I8 i W 5 e R VR T = N AT I E (E
(VLCHOI 2011 4E, Mesleh 20 4 xf /& 4t
MIMO AR A FE R A OGP ]8T, 328 T ' 2 (] 3
HCOSM), H 44 H T OSM By iR S R (1 FR i AL,
ZJE s SCHRL9 #7255 455 (SSKO Fl bk i 2 94 1l
(PAM)MEEE S T VLC Z24H OSM - F- 1%
FL4% % (ABEP) ., 7E Bt Ak [, SCEk (10 )%t T
OSM ., 5t & % i F1 25 8] &2 HH (SMXO = B il il 7 =X
ROVEGE, 18 AE AR OCfF E T OSM B B L #,
Bl G 24 0K OSM I BIF 55 4 i 31 =5 41 K <O il
fEH IR T — & MR 78 B Hop, Sk
[11-12 143 576 X 80 IE 24 . Gamma-Gamma., 11 15 %
i A AR R S5 S IR 22 S T SSK &G
SRR E A . H i T SSK {UR] T
WOLRR R LS A5 B DR I A% i 3l 5 R 08 33 A%
R AR, % T, SOk [ 13 18 ik b A B R A
(PPMD5GIA OSM i 42 T —Fiili & T WOC 1
SPPM., [F] B 43 B 17 KA U8 it U I o 158 2 06
RN T ABEP., HARIZT R T R G ML il
R PERE ) Y 25 A RGBS RS E
L B ) B v R AR . Sk, SCHER[ 14 1% PAM
1 PPM AHZE A o $ T — b 23 18] bk b 47 - i 132 30 741
(SPPAMDHIA , SE L T R GE M 1 A R M BE B ROR 2
ESE €

R T B B 2R — AN O AR , A () e
TR I 23 27 B[] s, 7E — 5 R B 1 B T 4% i
RIS RCR T, BT, Bat KEEER N
T 5 25 0 G % L 25 (8] 52 A0 23 ] 98 i AR A8 T —

B 0y 3 s AL S (R E ), SCERL15-17 18T x5 VLC 42
T s ) P (GSMD | B I8 3 45 1) 20 30006 22
Jtd s FUHEOG A H A 0 R 515 FECE A H A5 3
[R]85 77 LU AR A5 L DA /8 R 0 110 A fha 2% R 030 3% 2%
F ., H GSM HIE o] Fi 0 #0648 4 A S B 2
A R 7 T HLOG 2 A G U BERGR - 23 38 s ]
PEURIR 2 . PRI, AR SCRE R OAT R SR B UOTE —
BOGA BN A HOL S A G IR 455 PPM AT 5 1Y
FEASTE WOC g2 iy 1 — B s ot 4% 20 B w] A48
1) 34 58 78 5 255 [B) I i CEOSMD 42

2 45 RS (8] A i) R Ge A R

— A N, ANEOEE (LD) LN, A6 FE I g8
(PD)HY EOSM RS AL I an sl 1 fros . 7EE 1
A R B R 2t R/ O AR e K
K B=[b, .0, WA B P, o, o, i S A 8
O T S A A b, B R L-PPM A 4 &
TR AN T ENAFS . R TR AR G A% i R N
S A 3 A SCHE A% Gt 25 [a) 94 o) e St i) 6 ity |- 39
TR HOLE TS B A A R BT L, b, FEBR
ST B 35 R OIS O A% 2 B AT AR, BB R ORT 4 BRI
TG — AN OGRS BN AN WO RT 5 A A I8 4 % i
23 [A] 35 1) RS R R =28 DA TR — A SO A
by =N, FAF B 2) [ S S A OE g e, 3t
b =CX, FIMEDL ; 3) R T 76 A3 I Bt 4 5 B Y 2
it b3 — 2D 4 e R G0 1 A% i %, SR T A2 00 T
OGP K A (0] Bl e 5 1) bE AR 5, BT 1
b, =CX P, HIL, o] R H 0 BOE BOL R )75
HAEH N A2CK FL B4 by AT floor] log, (N, +
20X ) JHHEIAE R . S A58 s Al AR LL , BT 42 05
SR A WS CH2E — 2Bl S5 A Bl B, 39 m 1 58
TR SR G, R D O AR S T O T
AT 5 21 A B E — 20 1 K, i 253 ) el e SpE £ LY
FREO KT floor[log, (2C% ) 1, S8 T & G A% i i
RO PE . R 38 B e s R B RO
(9 FI I 28] i — 2D B A

PPM ALHEAT R 19 1E 28 M, 1 HL ] Xf B Bt ik
For i medt . % Tk, rd 7 2k H PPM., B4,
by ={bo i =123} by oy K by 43530 XF N = Fh
ARG T 5 A A B AR R E R . B
Bk M L-PPM, RRE — 455 J& 30 40 5y LA~
(R v £ d o M R N N S 1= N 1 A

0306001-2



% {5

L 8 N log, L HAR. S IXEE 28 FE
RIS, HARE PSS B R A EOE A B R
R bit FfER L EOR L=>4, XL, EOSM &4
4% %5 3 % 4 floor[ log, (N, +2CN )]+ log, L (H
fi:bit/s) . WG E%’Fﬁ)‘ﬁ%f%kﬁkﬂ% %
Tk KA A T R SO 2% R 2, RO FL AR 2
e AR S o A T e R ARL AR A I o T (ML) B

laser mapping

| activate only) -
one laser

) b1 |bi activate

LI two lasers

input,

series to parallel

( binary information bit )

EOSM mapping

3+

(-
"%faﬁ»ﬁ
L@

AN AR K DA U R A
EOSM R4t b (915 5 il S 60 47 2 1] Jsf ke S R
AR SO AR AL BT IR AR -5 e S5 CRIAS ]
WOLAR LG LR TS B WD o B3 2 1] dulk e S
T B R AN F] L EOSM. & 48 A5 5 ik
SRl gy oh =2 BEEEHOEAR I ECH S8 N, , EOSM
RGP Ik T HAR R R I .

=_

) —
p o
¥,
W -
S

ML decoder
EOSM demapping

/L//’

turbulence channel

K1 EOSM R Gl
Fig. 1 Model of EOSM system

S — S B S, BASOU TS — A SO R I e g
YA — O RS (B N, = 1) R %15 5 0f L 85—
28 W I v 2 (RO OG5 5 i RS T L — A
IEH 1ANIEZEICEM N, X1 4eiy1a Bk FoR, 1)
xa=[0,", 1 v, 00T (e, KN L Hir B E T

RN E RN EEROLE WS, [« 1" R E
BE L, BER A L-PPM., WA S 38 i B 5 56 R 0] LA
A 1IXL ey x,, =[0.,A ,-",Oj(lédlé
L)RFR, Hi, A, %%/Tﬁjz:ﬁéﬁ L PPM 1§51 °F-
¥ienm . R4 HE — WS X R Y Kk AR S Tl R OR
Hx1=xg * Xuo

55 WS, B[R] PR A SO AR T Y B SR
A I BTG PN IO G2 (D N, =2) Kk fE 5. M4 T
SRR . 4 5 S S X Y Kk

i 5 A Rm N
X=X, * Xmp T Xo, * X, (O
it':'j:xszl:[o"”’ } 7"’9O:|T7x522:[0""a 1 PR

(ag+24)-th

0]T(I<<a,<<N.,A BUEBH A=1), 73 5l R Im 5
ANRER A P SOE AR 00 2 [R5 5 x L, A

X o, 3 R B — > FVER A BOHE OB A8 Bk ik

B S AT 5 . o T R UESE SR g 5 5 — 2R e it

F4 12 fi T A 0 36 AR 5 HE L AR [R]  2EOR B 2 i

S H A OIS OGR4 K ik log, (L/2) HERFR B .

UL, W 4 log, (L/2) B4 1Y A5 240 i e 556 7 300
WOCERRIET L/2 BB E s L/2 A BB Ok
FrER . T84, AN B WO A A S 0 e g T
ﬁ%ﬂ%@ﬁﬁxmgl=[0,---,o,fxn,,o,-'-,oj,xn,zz =

dg-th

[Os""oa Am sOa"'

6>o),,H-EP,EIIEZE?D?%E@&E%%/%E%%%WE@
fLE . B, O Bk ei A R BB 8 B FE BT L /2 A B
Bk

O 2SS, B A0S PR S SO A I Y B
I WOE PR O AR I {5 S i 0 B SR AR 2k
B 5 AR R0, RO SR AT (1) X 3R L ME— 1 X 51 T
HAG S B WL 7 AN R AR5 =i rh, AR
5 I B SR AL AS TR ) Log, (L /2) AR 15 B
3 501 B S A T SO BOG AR B S L /2 AN BB L
WA L /2 A I B U] PR 45 0 S8R . W5 S 0 ) )
R x s, =10, --,o,ATI,,,o,---,o]%u X, =[0500s

L0J(I<<d,<<L/2,6 ¥ H

d3-th

O, Am ,Oy""oj (L/2<d3<L)7/\EFI’xm31sxmgz

(d3+6)-th

Sy SR AR AR OR B 1 %52 0
P AT LR 0 B R ORI L e
LT i H AR L /2 AL

e 1 WSS B3 ) EOSM. 3R 5 0 3% f
5

0306001-3



% {5

X X ok =1 (
x = . (2)
xskl * xmkl +x>k2 * xmkz ’ k :2’3

e FARB, LA N, =4, L=4 NHEH ., it

i, 6, = floor[ log, (N +2C%,) ] =4 # WL Ny B0iE
WOt S KPS HA MENESHES
H

P 0 0 0 Pl
X e O’PM,O,O’PL
0 P 0 0
0 0 0 Py, 0
P% [P
0 0 P3,
ry |’ o || Py
0 P,

P, P, 0 0 0 P,
0 u| | Pu 0 P3,
Pl o T|PL| o | | PL|T| 0]
P, 0 P, Py, 0
0 0
P, 0
o 'lpa [ (3)
P3| [P

K. P ER N, =101 4-PPM HHIFF 5 HE S,
H bt e i 2 AE ST — 4 N XL (X D4
NEA —ANAEFITR MW MR RN Po R —K
N,=2 B 4-PPM I8l 75545 (10 4£ &, dL it R 2
L-PPM 1 i 755 0 4 & o {F 52 B it 5 s A T i
L/2 A BF B, FL A i B JC % ik vb i B, 1 F X
PPM 8 il £ 5 {5 W 565 76§ W5 A~ B Bt CEPSE 1.2 i
B L EAEIE G A L% 1 bic 5B [HHL, P
FRE R N, =2 iy 4-PPM JEHI45 S 4,
AH BT R 3 T4 5 AN SR JS A B R CRISRS 3.4 {7
) l., F14HT EOSM &4y e 5t 3¢, it i,
N, =4,L =4, #k4iE EOSM & 1% 4i f R H A
XY N =4, L=4 i, HAZHHEFEH 6 bit/s,

R NES x G2 k% RE  KAEEM
JEAF RN R 2R Hh 400 2% B i, B2 IR 1A 5 T R
KA

Y =yHx +n, 4)

ey RO REEHEOR  BE— M PIN & 505 ok
L R H € [0.5,0.7)sn MBI ..
TR o, WEMMAMSE R H="[h; v N
N.XN, 4E0 (58 RBUE R, b, 0151 =76 R
{5 Ry 55 3 U . A RO X BIE 2 43 A, A R
W REC Ry

1 1 1 (h,j)iz X 2
fl(h[j): exp 7[n : /lx] ,
[2me? 2hi 8o

(5
A s Moy 030 D X BOHR W X 19 24906 70 7 22
Xof VR R B AT I — AL AL B CEN S ELh, J=1) 7]
B pe=—ob. — B RHINIRIEEL T RER KA
i Ui AR ) D 5 A AR A 3 55 L Ts = exp (dof) — 1, 4K

P SCHR[19],Is€[0.4,1.0],

TEHE W, 4 A5 E R AR R (CSD B RN B0
WO AR e B 415 5 98 A5 5 7T 38 i e R AR SR A
YE A 345 210 2 fige R B T &2 H DO HE R A
Ko BRI IR AG I o U Ay

(§,ﬁi)=argmin Y —pHx |}, (6

A ||« e F08 FEEGS Fm 23 ARERE0E i
TR Y5 R A T8 3 ) 755 B Al T s s om0 531
F N WG WO AR B9 75 R Rk B0 3 1A - 04 v
fi.

3 RGEIRLR

7E EOSM 2 46, AL 88 o) B 285 /N, 6 ) 39
5 ) E SR 1 L O PR 1 R R R 2
PR o £ A s 5 2 8 A T ) R G I S 2R 9 4 R AR
R E e, Bk CSI B, i B4 R AR
A AR AT SR A 45 K ALK K6 T 33 B, EOSML &R 4 i
R (BER) (1 ¢ | 5L Rt

L DY D du(x k)P x, > %, | H),

X[ Ve ex
X, €

R BE <

(7
A X ={x 000 x00 ) FR PTG I K %A
B I X RIRITA KIEE T Ay R A% i il
Hidy (x, XD R KEAF D x; BERFIR N 2,
PLLRR B B x, 5 %, Z M EE; P (x, >
2 H)YFR Y CSI B AN, &35 x, 10 #4546 £,
(R XF 55 1R A R (PEP), K 98 SClik [16 1. ol %
P(x,—~>x,|H)EXH

0306001-4



b

{5

# 1 EOSM RS KT

Table 1 Codeword table of EOSM system

Source bit Transmitter index 4-PPM signal
000000 xa=[1.,0,0,0]" X =[A450,0,0]
000001 xq=[1.0,0.0]" Xm =[0,A,.0,0]
000010 xa=[1,0,0,0]" Xm =[0,0,A,,0]
000011 xq=1[1,0,0,0]" Xm =[0,0,0,A,]
000100 x,=[0.1,0.0]" X =[A,-0,0,0]
000101 xa=[0.,1,0,0]" Xm =[0,A,,0,0]
000110 x,=[0,1,0.0]" Xm=[0,0,A,,0]
000111 x,=[0,1,0,0]" Xm =[0,0,0,A, ]
001000 xq=[0,0,1,0]" X1 =[A0+0,0,0]
001001 x.=[0,0,1,0]" X =[0,A,.0,0]
001010 x,=[0,0,1,0]" Xm =[0,0,A,,0]
001011 x,=[0,0,1,0]" Xm =[0,0,0,A,]
001100 x,=[0,0,0,1]" X =[A4:0,0,0]
001101 x,=[0.,0,0,1]" X =[0,A,,0,0]
001110 x,=[0,0,0,1]" X =[0,0,A,.0]
001111 x,=[0,0,0,1]" Xm =[0,0,0,A,]
010000 x>21:[1v07070]>1‘7x>22:[071’()’0]1- me]:[Alu'/o’o’o:l’xllﬂz:[Am’o’o’o:l
010001 xo =[1,0,0,0]",x,,=[0,1,0,0]" Xz =[A,:0,0,0],x 2, =[0,A,,0,0]
010010 xe =[1,0,0,0]",x,,=[0,1,0,0]" Xuo, =[0,A,,0,0]x2, =[A,,0,0,0]
010011 Xz, =[1.0,0,01",x,, =[0,1,0,0]" Xz, =[0,A4,0,0],x0, =[0,A,,0,0]
010100 Xz, =[1.0,0,0]",x,, =[0,0,1,0]" Xuzy, =[An:0,0,0]x02, =[A,,0,0,0]
010101 xe =[1,0,0,0]",x,, =[0,0,1,0]" Xuo, =[A,:0,0,0]x,,, =[0,A,,0,0]
010110 Xz, =[1.0,0,01",x,, =[0,0,1,0]" Xz, =[0,A4,0,0]xm, =[A,,0,0,0]
100111 Xz, =[0,0,1,01",x, =[0,0,0,1]" Xz =[0,A,,0,0],x,2, =[0,A,,0,0]
101000 xg =[1,0,0,0]",x4,=[0,1,0,0]" Xusy =[0,0,A,.0],x3, =[0,0,A,.0]
101001 xgs =[1,0,0,0]",x4,=[0,1,0,0]" Xz, =L0,0,A, 0], x5, =[0,0,0,A,]
101010 xs, =[1.0,0,01" x4, =[0,1,0,0]" Xus; =[0,0,0,A,]sxs, =[0,0,A,.0]
101011 xs =[1,0,0,0]",x4,=[0,1,0,0]" Xy, =[0,0,0,A ]sxms, =[0,0,0,A,,]
101100 xs, =[1.0,0,01" x4, =[0,0,1,0]" Xy =[0,0,A,.0]x43, =[0,0,A,.0]
111111 xm:[0’0’1’0]1"&32:[0’0’0’1]'1- xmlil:[O7O7O’Am:|’xn132:[O7O’O’Am:|

P(x;, > X, |H):P|:‘|Y_1]Hxi |2 > HY_‘OH)ACI» 2] =

PLIlY

P —2Y'"gHx, + | gHx, | > |lY
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Transmission rate, spectral efficiency, and computational complexity of optical spatial modulation system
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