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Analysis of Free Space Optical Multiple Input Multiple Output
Communication Based on Intensity Superposition Coding
at Different Modulations
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Shaanxi, Xi'an 710077, China)

Abstract Under the modulations of on-off keying (OOK), pulse-position modulation (PPM), differential pulse-
position modulation (DPPM) and digital pulse interval modulation (DPIM), the intensity superposition coding
multiple inpust multiple output ( MIMO) optical communication system is compared and analyzed. With the
improvement of modulation order, the results demonstrate that the latter three modulations have greater advantage
than OOK modulation in the average transmission power, but the corresponding transmission capacity has declined. In
the error performance, OOK modulation’s packet error rate is smaller than other three modulations in receiving low
power. But when the received power is increased to a certain level, PPM, DPPM and DPIM modulations have the
advantage of the 3~10 dB packet error rate to OOK modulation.
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Table 1 Mapping of 4-bit message into OOK, PPM, DPPM, DPIM symbol of supperposition code

Information bit OOK PPM DPPM DPIM
11 1000 1 10
00 0000 0 00
00 00
00 0000 0 00
00 0000 0 00
11 0100 01 100
11 0100 01 100
01 01
00 0000 00 000
00 0000 00 000
11 0010 001 1000
11 0010 001 1000
10 10
11 0010 001 1000
00 0000 000 0000
11 0001 0001 10000
11 0001 0001 10000
11 11
11 0001 0001 10000
11 0001 0001 10000
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Table 2 Performance comparison of different modulations

Modulation OOK PPM DPPM DPIM
M—2 M—2
Average code length M M2 2+l 273
2 2 2
Average power 2.5P iP ALP #P
. 1 oM—1 1 oM—2 +1 1 oM—2 +3 1
. . . 2 M 2M 2M
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Fig. 1 Power demand of different modulations
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Fig. 2 Transmission capacity of different modulations
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: Table 3 Particular parameters used in simulation
Pg(l/O):1—Jf3(1)dljf3(l)d1, (&)
Q, —oo Parameters Values
> Wavelength A 1550
P, (1/0) = in(l)dl’ 9 Quantum efficiencyv/% 80
- Dark current (i4) /nA 20
: g > AT 28 R BE & G B ViR 2L 2
U D 2 DR 2K TR 5 S48 0 42 WS 262 2800 58 Absolute temperature of receiver T/K 300
/4
]}%ﬁ ° Receiver bandwidth B /MHz 800
X F 25 B A 8] 3 5 2, 25 B B AR OR ] Resistance Ry /Q 50
R FEE SN, BIEE L. E OOK AT, L Background intensity I, /dBm —60
25 i B, PPM A 3 R, 25 BF B O B R K Log amplitude variance (¢,%) 0.2
QxM-1 Number of symbols in one data packet (Y) 500
W;DPPM T% it: . oz F?‘ B %: H Noise standard deviation (s.%) 0.51.
100 ""0'0‘0—-~v—$;-“— 1000-‘--v0-000-o-{-\i 100 L B B e
\“‘\\ +Pper—()()K Y PpeFOOK A 1,‘ ' Pper—()()K
*‘\, q Pper,ppM “\\ “\ N per-PPM \\ \ Pper—PPM
% y : Pper—DPPM i H‘ “ L per-pPP o Yo Pper—I)PP
= 102 it Prerorm| & 102 | ‘1 ooy § 1072 \ \ P erpen
e W 8 1 = \ |
! : \ : |
Q X3 kol | - M.
< 10 ' % 10+ I\ % 10 W
£ N, i N TR 8 \ i
. "¢ . A
L@ =4 ROV L@ m=12
108 60 55 50 -45 -40 %65 -60 -55 50 —45 —40 %5 60 55 50 45 40
Average receiving power of single Average receiving power of single Average receiving power of single
antenna sent code “1” /dB antenna sent code “1” /dB antenna sent code “1” /dB

B3 ARG ET OOK, PPM, DPPM, DPIM Fi% f, 3 i £
Fig. 3 Packet error ratio (PER) curves for OOK, PPM, DPPM and DPIM for different modulation orders
P EE 3Ca), (b), Co) 57 1 2 38 il B %5043 1) FO AR T 5 A R i A i B i e R O NS R 2
K 4,8, 12 BEAS R RS T iR, A5 kM. B A2 ) 22 10 T e o 2 WOPL 14 0 e 1T R A A i 4
FEAR TR P B R OOK i) 0 XA AR 3 b A BB A I Bt 38 S i ROR B itk iy, PPM,
BF(—=57~—52 dB) AU iR FMLA., XEHT  DPPM Fil DPIM iy 32 0 2 15 3| 0 8 5 1K, Jf i
K AR HZ 05 (1 OOK I8 ] 76 A 4 W 2 32 40 1) {5 e OOK il 77 .

0206001-4



7R JET 45

Z R 5 AT RS B g T 22 e 22 WOk SOl AR R SR RE S A

Wi o ] 50 3 S B A 1 B
TG LU A1 T 36 A A5 5 R i Oy iR e R R A T
{8 J& i1 F PPM.DPPM #1 DPIM ¥ il () o5 25 Ho 3
5B o R I P e TN i Bl Y
RALEA X OOK R EMRS] T —& M T . m
OOK 8 il A 32 1 il iy B8 i #5708 W28 A6 AN B
MK 3(a) Hra] LLF H PPM, DPPM #1 DPIM = ff
FEH iR R &AWL . H DPPM F ik
T AR 7 2 X R RO TR — A O A
DPPM il 5 s 5 28 e de /. 25 A & I B A
MEA AU 7 0 R AR RIS T 100,
S PR — AN B0 A i B B A BAE R AR A
I B K A 22 A TR e T2 B HRE B 1 A R DA T 3 B
PPM .DPPM #1 DPIM il i) 15 £ 2R AR M B AR .

4 %k e

FEF R B S N g 15 1) K R0 MIMO {5 5k
RE A% 76 R 3 I 2R a7t 98 A7 2 & G D R AT ™ A
AR R RS i . PPM,DPPM #1 DPIM i
il 5 50 B e 0 A B A 5 5 R G S b e R
HE— 20 B B AR T 38 & S5 ) 6, AR R I ) A R 8
B a3 = ) D7 A AN TR R RS 1R R
I OOK K 2~10 f% .,

AR SCAE SCHRES ] AR Ay H it bt 2 98 i o UF
FR B B N 4 %0 MIMO S8 A5 PEBEHEAT T 4047 . 3%
IZE IR A G0 TR —E M S E . i
TR BB A I in s ) e p 2 0, o R R AR
Xt 22 P 1T B2 0 2R 8 1) R A K L LT 8 T O AR
T X RGE R IRRM T — e b, A RRTE
PPM,DPPM A1 DPIM w2 5% FAE A Z 44, B ik —
A REFFE R FHE T LA R A 25 i B A8 4 B2k
Ui ik R A8 LA 51 2 2%, R AR e iy 5 =i

TR . AT R e L R T A B X
Gee R AE 4 R 0B W T — 5 T AR 7 B4 0 7
.

5 F X

1 Xin Jianbin, Xu Guoliang, Zhang Xuping et al.. Effect of the
atmospheric turbulence on laser communication system[ ]J]. Acta
Photonica Sinica , 2005, 34(12) . 1850~1852
TR, VR R, SR S R TN O E (E R G
[J]. &F %4k, 2005, 34(12); 1850~1852

2 Ma Dongtang, Wei Jibo, Zhuang Zhaowen. Performance
evaluation and channel modeling of multiple-beam propagation for
atmospheric laser communication[ J]. Acta Optica Sinica . 2004,
24(8): 1020~1024
BARE, B RS0 RABOGTEAE b 200 % S v se 4
G AT, 65 34k, 2004, 24(8); 1020~1024

3 1. I. Kim, H. Hakakha, P. Adhikari. Scintillation reduction
using multiple transmitters [C]. SPIE, 1997, 2990; 102~113

4 Neda Cvijetic, Stephen G. Wilson, M. Brandt-Pearce. Free-
space optical MIMO transmission with APD receivers [ C .
Conference on Information Sciences and Systems, 2005; 16~18

5 S. M. Navidpour, U. Murat, K. Mohsen. BER performance of
free-space optical transmission with spatial diversity[ J]. IEEE
Transattions on  Wireless Communication, 2007, 6 (8):
2813~2820

6 G. Stephen, B. Maite, Cao Qianling. Free-space optical MIMO
transmission with Q-ary PPM [ J ]. IEEE Transactions on
Communications, 2005, 53(8): 1402~1412

7 Li Ming, Ai Yong, Cao Yang. MIMO f{ree-space optical
communication systems with digital pulse interval modulation[ J].
Acta Photonics Sinica , 2009, 38(9) . 2325~2329
O, % 5.# . EF DPIM S MIMO %5 [ 6 {5
ZH[)]. &F 53R, 2009, 38(9).:2325~2329

8 Zhao Guhao, Zhao Shanghong, Li Yongjunel al.. The free space
optical MIMO communication based on intensity superposition
code[J]. Acta Optica Sinica, 2011, 31(7); 0706002
R BT X G 5L . AR B AR AR BT SI BE A 0 4 A 11 %3 [B) O MIMO
WELI]. &), 2011, 31(7): 0706002

9 Zhang Yixin, Chi Zeying. Optical Wave Propagation and Imaging
in Atmosphere[ M ] Beijing: National Defence Industry Press,
1997. 110~112
gk, B, SR ERT LS REIM] JEat . BB T
Wb R AR, 1997, 110~112

EERE: R

0206001-5



