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Abstract

Improving spectral efficiency, without increasing design complexity, is the prime mo-
tivation to manage the high data traffic of future wireless transmission technologies.
Optical spatial modulation (OSM) scheme is one of the possible viable options when
employed with multiple-input multiple-output (MIMO)-free-space optical (FSO) com-
munication system. OSM is a modulation scheme which conveys information over both
spatial and signal constellation simultaneously. In other words, a part of the informa-
tion bits is used to choose one of the optical antennas/sources (LASERs/LEDs) while
the remaining bits are transmitted by a traditional modulation scheme through the se-
lected optical antenna. Therefore, by encoding information in the index of the optical
antenna, spectral efficiency of the system can be improved. In addition to increasing
spectral efficiency, other challenges of MIMO systems such as inter-channel interface,
inter-antenna synchronization, complex decoding, etc. are completely eliminated by
OSM scheme since it uses a single optical antenna at a time. A special case of OSM
is optical space shift keying (OSSK) where only antenna indices are used to transfer
the information; this makes the overall system even simpler as compared to OSM.
These inherent benefits make OSM/OSSK a suitable modulation scheme to achieve
high spectral efficiency for future FSO systems.

In this dissertation, a detailed performance analysis of OSSK scheme over different
FSO channel models is presented. The analysis starts with a multiple-input single-
output (MISO) system employing OSSK scheme (MISO-OSSK system). The closed-
form expressions of different performance metrics such as average bit error rate (BER),
diversity order, and coding gain are obtained for MISO-OSSK system under Gamma-

Gamma fading channel model. The effect of different transmit power weights on the
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error performance of OSSK scheme is also investigated. For a more realistic study of
the OSSK scheme, the effect of pointing errors along with the atmospheric turbulence
is included. Subsequently, the analysis is extended to MIMO-FSO system employ-
ing OSSK scheme (MIMO-OSSK system) over three different channel models which
cover the entire turbulence regime. The mathematical expressions of the average BER
and the finite constellation based channel capacity of MIMO-OSSK system are de-
rived. MIMO-OSSK system is then compared with the same rate MIMO-FSO system
employing repetition coding (MIMO-RC) in terms of error performance and channel
capacity.

After a detailed study of the traditional OSSK schemes, a novel partially informed
transmitter based OSSK (PIT-OSSK) scheme is proposed wherein the transmitter has
a partial knowledge of the channel condition. The partial knowledge of the channel
state is used to reorder the mapping of symbols onto the optical sources along with
power allocation. This modification reduces the number of bits in error between two
consecutive constellation points and hence reduces the system BER. A framework to
obtain the mathematical expression of BER of the proposed PIT-OSSK scheme is
provided. A comparison of PIT-OSSK scheme with conventional OSSK scheme over
different channel models is also performed. At last, a novel differential OSM/OSSK
(DOSM/DOSSK) is designed and intensively studied. The proposed DOSM/DOSSK
scheme overcomes the necessity of channel state information at receiver side which
is required in traditional OSM/OSSK scheme. In short, this dissertation presents
a fundamental analytical framework to investigate the OSSK scheme over the FSO

system along with some new variants of OSM/OSSK.
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fSSTST el ST @l eIV foreT Juishalar gafal # FUR, HiasT T aRRed crafae=
sicfarfehat & 3Te SeT ¢itheh T Tatiel it T HET WM | HifCehd RIS ATl
(OSM) ThiH HeMfad eqagry fdehedl # & Toh § 519 3§ HeclUd-3aJc HeclTel-3T3CYC
(MIMO) FI-83w 3iffeeser (FSO) TR omel & @y faiford fvar oirar &1 OSM T
U FHiggRR T § S T R Ghd FeTT T 3TN Tk T W SAARRY Horely
gl qEY sal H, ol few & v REW &1 39T Hiftedhor weaAradr (LASER/LED) #
¥ T & Il & fAv R arar §, safF Ay e aufag sfiftedra wdar & Areas 4
Teh GRIRE HAgelel Alelall GaRT 9T gid &1 SHTAT, JHifCehel T & Faehieh H ST
Y TeehlTSIT hleh, JUTTCNT chT UTSHATT GaTal & FUR g g1 JUTshHIT gaTal Jelel o e,
MIMO fFea &1 37 FAlfaal S SeT-AeTel e, SeX-Uecell THMIASIR, HlFcolad
fSehIfSaT gcarie sl OSM NSl GaRT I e ¥ WATC 8 STl § Fifh Ig Teh qAI H
Teh g 3ifCeahdl TEAT T 3YANT HIdl g1 OSM & Teh JAV Y 3iieha TOH Rve
HIET (OSSK) & ST hdel TET Fadhieh &l ITANT aFeh ool I TAWAART fhar ST §;
I OSM &1 JolelT H HHIT Jolell 1 IR o T Forar g1 OSM/OSSK & I #efr
afafea oM s wfasT & FSO fAvew & v 3Tg quisely gefar g e & fau

T 39 HT§<>1o1 AT FoTTdd g

5H 2er yay 7, [AffieeT FSO Aeier Alser I OSSK AISTalT & Teh faedd Tedie fageiwor
T [T araTg | faRelwor OSSK Fietell &1 Ao el alel HedlTo-gaqe-f&are-3m3eqe
(MISO-OSSK) fa¥ea & & giam | IMA-IMAT Yelel AlSH & g, MISO-OSSK yorrelr
& fav 3itaa fae e &3 (BER), fafaerar sa AR @ifser amr S8 Afdesr yeder Afesq
& JfFregfeaar urcd &1 S §1 OSSK &hA & e Jedlel WX 3Her-37erT SAfALE erfea
R & 91T AT o ST TSI g1 INTATHS ATl & ATS JATIAET JeITT & g,
AgHSA RN & WY-Ary uigféar Jfedt & yema o i fohar amm &1 38 9,
fFRewoT H MIMO-FSO 9utrell & foiw faearia far sar § St OSSK Irsar (MIMO-
OSSK 9uTrell) &l dliel 3HeRT-3edT Aeel Al W S el § fored aqot srenfa ames
HaX gar gl MIMO-OSSK wotrelr &7 3id BER 3R aRfaa e 3maRa deter &voqar
1 arforcrr JifficafFaar o e T g1 e ved R Ao aAd F Hedt A, MIMO-
OSSK guTrell T JeiaAT AT &X arel MIMO-FSO Yurell St geitigfed hifsar (MIMO-RC)
&l AT Hear & & |y &1 = gl




ARYNe OSSK TISTAT3T o Taeddl T o 16, Teh o1 ek §T F T TEHIT
3mRa OSSK  (PIT-OSSK) 3Tt Y&dTiad T 313 g, Toras graaiiex i defer hr Tt r
AR AT | dAT 5T HT AP AT ATFd 3Tded & TTY-TTY el Al W Tl
& AGFOT & Y § gafedd el & v 3939 fohar Srar g1 I8 Seiers &l eemar
et figai & drg I & g & d&ar A FA a1 ¢ AR safav FeeA d3m
HH BT g1 IEAIad UIB3SE-3TaUES: Aotall & dIS3TR &1 AT IFRTTFT Ired et
& o v FRAET v Fr 5 & AT I Al W IRIRE OSSK IASTar & ArT
PIT-OSSK A1Siell & Joialr o &1 -l &1 31d #, T aar f3wifger OSM/OSSK
(DOSM/DOSSK) &r f3amse 3R g 31egae fohar a=m g1 gEaifad DOSM/DOSSK
Qo R 1 WE Jad T FARRT T 3TTThdl H TcH Hdl § o IRIRS
OSM/OSSK T1STaT & 3TaeTsh gl &9 H, IJg MY 9§9 OSSK JNStelr fT I et &
fo v #ifas favawoncAs ermr Jedd el & @Y AT OSM/OSSK & F& AT YR
o T YT B
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