Contents

1 Overview of Wireless Optical Communication Systems................. 1
L1 IntroducCtion .........coovieuiiieiiii i 1
LT HiStOTY coveeiiiiiii e 4
1.1.2  Indoor Wireless Optical Communication...................... 5
1.1.2.1 Types of Link Configurations........................ 6
1.1.3  Outdoor/Free-Space Optical Communication ................. 10

1.2 Comparison of FSO and Radio-Frequency
Communication SYSIEIMS .....vvvviitiiiiiietiriereeeeereeeeeereeeeeeens 12
1.3 Choice of Wavelength in FSO Communication System............... 14
1.4 Range Equation for FSOLink............ccoiiiiiiiiiiiiia, 15
1.5 Technologies Used in FSO ..o, 20
1.5.1 Direct Detection System................oovvviiiiiiieiennnnn.... 21
1.5.1.1 Baseband Modulation ...............ccccovviiee... 22
1.5.1.2  Statistical Model for Direct Detection .............. 23
1.5.1.3 Subcarrier Modulation ..............ccccovviiiee... 26
1.5.2 Coherent Detection ...........cccoiviiiiiiiiiiiiiiiieeennnnn. 27
1.5.3 Optical Orthogonal Frequency-Division Multiplexing........ 29
1.6 Eye Safety and Regulations ...............ccociiiiiiiiiiiiiiiiine... 32
1.7 Applications of FSO Communication Systems ....................... 34
1.8  SUMMATY ...t 37
Bibliography ....oo o 37
2  Free-Space Optical Channel Models....................................... 41
2.1 AtmosphericChannel..................oiiiiiii 41
2.1.1  Atmospheric LoSSes .......covvvviiiiiiiiiiiiiiiiiiiieeeen.. 44
2.1.1.1 Absorption and Scattering Losses ................... 44
2.1.1.2 Free-Space LoSS ......oovvvvviiiiiiiiiiiiiiienn., 47
2.1.1.3 Beam Divergence LosS................ooovveeeenn... 47
2.1.1.4 Loss due to Weather Conditions ..................... 49
2.1.1.5 Pointing LoSS ..oovvvvviiiiiiiii 52
2.1.2  Atmospheric Turbulence .........................eeeelLL. 53

ix



Contents

2.1.2.1 The Effect of Beam Wander .........................
2.1.2.2  The Scintillation Effect .......................ooo.L.

2.1.3  Effect of Atmospheric Turbulence on Gaussian
Beam ...
2.1.3.1 Conventional Rytov Approximation.................
2.1.3.2 Modified Rytov Approximation .....................
2.2 Atmospheric Turbulent Channel Model....................ooooiee.
2.3 Techniques for Turbulence Mitigation ................ccceviiiinee....
2.3.1 Aperture AVeraging ...........cceevviuiiiiieeiiiiiiiiieeniiia.,
2.3.2 Spatial DIVErsity ....ccovvuuuiiiiiiiiiiiiii i
233 Adaptive OPtiCS .. .eveeeniiiite et
234 Coding ..ooiiinnniiite e
235 Hybrid RE/FSO ...ooiiii e
2.4 SUMIMATY ..ottt et et eeee e
Bibliography . .......oooiiii
FSO System Modules and Design Issues ..................................
3.1 Optical TranSIITET ... ...
3.1.1 Choice Of Laser ......covvuuiiiiiiiiiiiii i
31,2 ModUlators . ....eeeeeeeee e
3.1.2.1 Modulation Schemes ............ccoeeieviiiiee...
3.2 Optical RECEIVET . . ...
32,1 Types of Detectors .....oovvveeeeieiieeiiiiiieeeiieeeeeeeeeennn.
3.2.2 Receiver Configuration ...........oovuueeieiiniiieeeennnnnn.
3.2.2.1 Coherent PSK Homodyne Receiver .................
3.2.2.2 Coherent FSK Heterodyne Receiver ................

3.2.2.3 Direct Detection (PIN + OA) Receiver
for OOK. .. .ooiii

3.2.2.4 Direct Detection (APD) Receiver for
OOK ..
3.2.2.5 Direct Detection (APD) for Ml-PPM ................
3.3 Optical Post and Preamplifiers .............ccooiiiiiiiiiiiiiiiiiinnnn.
3.4 Link Design Trade-Off.........cccoiiiiiiiiiiiiiiiiiiiiiiiiiiiiiia
3.4.1 Operating Wavelength....................oon. ..
342 Aperture Diameter .............oooviiiiiiiiiiiiee
3.4.3 Receiver Optical Bandwidth ...................................
3.5 SUMMATY ..t
Bibliography .. .cooiiii
Acquisition, Tracking, and Pointing ...........................ooiiii
4.1 Acquisition Link Configuration ............ccoeiiiiiiiiiiiinnnnnnnn.
4.1.1 Acquisition Uncertainty Area .........ccovvvvviiiiiienieennnnns
4.1.1.1 Probability Distribution Function of

Satellite Position...............cociiiiiiiiiiiiii
4.1.2 Scanning Techniques ...........cevviiiiiiiiiiiiirinieeeeeennnns

4.1.3  Acquisition Approach .........ccooeiiiiiiiiiiiiiiiiiiiiiiins



Contents xi

4.1.4 Beam Divergence and Power Criteria for

ACQUISTEION . .vvvttti e 129

4.2 Tracking and Pointing Requirements ...................ooooeiiiinne. 130
4.3 Integration of Complete ATP System ..........cccovviiiiiiiieiiiinnnn. 133
4.4 ATPLink Budget.........cooviiiiiiiiiiii s 134
4.5 SUMMATY . .eeittttt ittt et 136
Bibliography ........oooiiii 136
5 BER Performance of FSO System ......................................... 139
5.1 SystemModel .......oooiiiiiii 139
5.2 BEREvaluation ..........cooiiiiiiiiiiiiiiiii e 139
5.2.1 Coherent Subcarrier Modulation Schemes .................... 141
5.2.2  Noncoherent Modulation Schemes ............................ 145
5221 OnOff Keying....ooovvviiiiiiiiiiiiiiiiiiiiiiee... 145

5.2.2.2 Me-ary Pulse-Position Modulation ................... 148

5.2.2.3 Differential PPM ... 150

5.2.2.4 Differential Amplitude Pulse-Position Modulation. 153

5.2.2.5 Digital Pulse Interval Modulation ................... 154

5.2.2.6 Dual Header-Pulse Interval Modulation ............ 156

5.3 SUMMATY oottt e 159
Bibliography . .....coooini e 159
6 Link Performance Improvement Techniques ............................. 161
6.1  ApPerture Averaging ......covvvieiiiiieiiiiiiiiiiiiiiaaaann, 161
6.1.1 Aperture Averaging Factor .....................ooeeieeeeen.. 162
6.1.1.1 Plane Wave with Small /, ............................ 162

6.1.1.2 Plane Wave with Large [, ............................ 163

6.1.1.3 Spherical Wave with Small l,........................ 164

6.1.1.4 Spherical Wave with Large [, ........................ 164

6.2 Aperture Averaging Experiment.......................oiiieee.L 166
(I B\ o 111 168
6.3.1 Types of Diversity Techniques ...........................o.ee 170

6.3.2 Diversity Combining Techniques .............................. 171

6.3.3 Alamouti’s Transmit Diversity Scheme........................ 175

6.3.4 Two Transmitter and One Receiver Scheme................... 176

6.3.5 BER Performance with and Without Spatial Diversity ....... 178

6.4 COdING . o.nneeee e 181
6.5 Channel Capacity .....oovviiiiiiiiiiiiii e 182
6.5.1 Channel Coding in FSO System ............................... 183
6.5.1.1 Convolutional Codes ..........c..ccoveiieiiiinne... 184

6.5.1.2 Low Density Parity Check Codes ................... 187

6.6 Adaptive OpPtiCS «ovviiiiiiiiii i e 189
6.7 Relay-Assisted FSO Transmission ............ooovvveiiiiiininnnnnn.... 192
6.8 SUMMATY ..ottt e 193

Bibliography .. ..ooiiii 194



xii Contents
7 Link Feasibility Study ........................... 197
7.1 Link Requirements and Basic Parameters ............................. 197
7.1.1 Transmitter Parameters ............c..oooiiiiiiiiiiiiiiienn. 198

7.1.2  Atmospheric Transmission Loss Parameter ................... 200

7.1.3 Receiver Parameters ............ccoevviiiiiiiiiiiiiiiiiiiean, 200

7.2 Link Power Budget .........oooiiiiiiiiiiiiii 201

7.3 SUMIMATIY ..ottt et et e e 203
Bibliography . .......oooiiii 204



2 Springer
http://www.springer.com/978-81-322-3689-4

Free Space Optical Communication

Kaushal, H.; Jain, V.E.; Kar, S.

2017, ¥AX, 209 p. 111 illus., 45 illus, in color,,
Hardcover

ISBEM: 978-81-322-3689-4



	Contents

