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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 oM=2 2t 2" 43
2 2 2
Average power 2.5P LP LP LP
s . 1 2M—1 1 2.\1—2 +1 1 ZM—Z +3 1
. . . 2 M 2M 2M
Transmission capacity /(bit/s) - o7, eSS 713,
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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

Parameters Values
Wavelength A 1550
Quantum efficiency 7 /% 80
Dark current (i4) /nA 20
Absolute temperature of receiver T/K 300
Receiver bandwidth B /MHz 800
Resistance R;./Q 50
Background intensity I, /dBm —60
Log amplitude variance (s,%) 0.2
Number of symbols in one data packet (Y) 500
Noise standard deviation (s.%) 0.51.
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Fig. 3 Packet error ratio (PER) curves for OOK, PPM, DPPM and DPIM for different modulation orders
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