Contents

Preface. .. ... ... . . . . ix
Acknowledgments . ..... ... ... ... ... . il xiii
Part 1. Telecommunication Systems . ........................ 1
Chapter 1. Digital Communications .. ........................ 3
I.1.Introduction. . . . ......... .. . . . 3
1.2. Qualities of the digital communications . . .. .................. 4
1.3. Advantages of digital communications. . . .................... 4
L4.Definitions. . . ... ... 4
1.5. Diagram of digital communications. . . . ..................... 5
Chapter 2. Supports of Digital Communications. . . ........... .. 7
2.1.Introduction. . .. ... ... 7
22.Theradiobeams. . . . ......... ... .. .. . . . . 7
2.2.1. The carrier frequencies . . . . ..., 8
22.2. Theantennas . .. .......ov vt 9
2.2.3. The connections over the horizon. . . .. ................... 9
23.Thesatellites . . . .......... .. 10
2.3.1. The frequency domains. . . . ............. ... ... 11
2.3.2. TheNOISES . . . o v v vt ettt 12
2.3.3. Comparison with theradiobeam . . .. .................... 12
2.3.4. Diagram of a satellite connection. . . . .................... 12
2.3.5. Transponders. . .. ...t 13

2.3.6. ProspectS. . . oo 14



vi  Digital Communications

2.4.Theoptical fiber. . .. ....... ... ... ... . 14
2.4.1. Propagation and structure of the optical fiber . .............. 15
2.4.2. Fabrication technology of the optical fiber . . . .............. 18
243.L8S€IS . . oo 18
2.4.4. The photodetector. . .. ................. .. ... ......... 19
2.4.5. Transmission system of optical fiber .. ................... 21

2.5.Theradar. ... ..o o 21
2.5.1. Applications of theradar. . .. ........... ... ... ... ..... 21
2.5.2. The radar equation: the Friis formula. . ................... 21
2.5.3. Radar cross SeCtion. . . . . ...ttt 23

Part 2. Baseband Digital Communications . ................... 25
Chapter 3. Baseband Communications ....................... 27

3.1. Sampling the signals. . . ................................. 27

3.2.Codingthesamples .................................... 28
321 BasiS. .o 28
3.2.2. Binary representation . . . . ..... ... 30

3.3. Time multiplexing . .. .............. ... .. ... ... 31

3.4. Spectrum of the different binary representations . . . ............. 32
341.NRZcode . ... 32
342.RZcode. . ... 33
343.RZbipolarcode . . ... .. 34

3.5.Frequency oftheclock . ................................. 34

Chapter4.TheChannel ... ... ... ... ... ... ... ... ......... 35

4.1. Regeneration of the signal: general diagram . . . ................ 35

4.2. Detection of a noisy digital signal . .. ......... ... ... ... ... 36
4.2.1. Perfect support. . . ... 36
422 S/NTAO . . vttt 44
4.2.3. Loss support—inter-symbol interferences—eye pattern. . . . . . .. 45
424 NOISY SUPPOTIt. « o o o vttt 52

4.3. Equalization of the transfer function of the support. ... .......... 53

Chapter 5. Nyquist Criteria. . ... ............................. 55

5.1. Transmission without inter-symbol interference . . ... ........... 55

5.2. First Nyquist criterion. . . .. ...................... v .. 56
5.2.1. Theoretical input message composed of Dirac pulses. . . ....... 56
5.2.2. Realistic message composed of elementary pulse of T duration .. 59
5.2.3. Application to a dispersive support . ................... .. 61

5.2.4. Difficulty of the implementation . .. ..................... 61



Contents vii

5.3. Second Nyquist criterion. . . . ............ ... ... .. ... ...... 62
5.4. Third Nyquist criterion. . . . ................... ... 64
5.5. Error probability of the whole line. . . ....................... 68

Chapter 6. Analog-to-Digital Conversion:

Compressionand Extension . ............................... 71
6.1. Compressionand coding. . . . .......... ... ... .. ... 71
6.2. QuUantization . ... ... .. 72

6.2.1. Non-uniform quantization. . . . . ......... ... ... ....... 73
6.2.2. Linear quantization. . . .. ...ttt 74
6.3. Noise’s quantization. . . ... ...ttt 77
6.3.1. S/B in the case of a sinusoidal signal . . ................... 80
6.3.2. S/B in the case of a whitenoise . . . ...................... 80
6.4. Limitation noiSe. . . . . ... ..ottt 82
6.5. Compression and eXtensSion. . . . ........cov ettt 83
6.6. Introductiontocoding . ........... ... .. .. 90
6.6.1. Series/parallel encoder . ... ........ ... ... 91
6.6.2. “DELTA” encoder . . . ... e i 91

Part 3. Digital Transmissions on Carriers’ Frequency . .......... 95

Chapter 7. Phase Shift Keying Modulations ... ................ 97
7.0 Introduction. . ... ... e 97
7.2. Amplitude, frequency and phase modulation .................. 97
7.3. Phase shift keying: coherent PSK oforder2................... 100
74.PSKoforderd........... ... . .. . ... 102
7.5.PSKof order heightand 16. .. ............................ 105

Chapter 8. Differential Coding. . . ............................ 107
8.1. Introduction. . ........... . 107
8.2. Differential coding oforder2 ............................. 107
8.3. Differential modulationoforder4.......................... 109

Chapter 9. Demodulations . . . ............................... 113
9.1. Coherent demodulation. . . .. ............... ... .. ... .... 113

9.1.1. Coherent demodulation of order2 . .. .................... 113
9.1.2. Coherent demodulation of order4 ... .................... 115
9.2. Differential demodulation. . .. ............................ 117
9.2.1. Differential demodulation oforder2 ..................... 117

9.2.2. Differential demodulation oforder4 . .................... 120



viii  Digital Communications

Chapter 10. Quality of the Digital Transmissions ............... 123
10.1. Introduction. . . . . ... i 123
10.2. Differential demodulation oforder2 .. ..................... 123
10.3. Coherent modulation of order2. ... ........ ... ... ... ..... 124
10.4. Modulation (coherent or non-coherent) oforder4.............. 125
10.5. Thenoiseand theerror. ... ...... ... ... . . ... 126

10.5.1. Modulation of order 2 of the phase. . . . .................. 126
10.5.2. Modulation of order 4 of the phase. . . . .................. 129

Part 4. Exercises and Problems .. ...... ... ... ... . ... ... ..., 133

Chapter11. Supports . . ......... ... ... ... . 135
I1.1.Powerlinks . . .......... . . . . . 135
[1.2.Antennas . . . ... ..o 138
11.3. Simple designs of duplexers and multiplexers. ... ............. 146

Chapter 12. Modulations and Demodulations Without Noise. . . . . 153
12.1. Amplitude modulation system. . . ................. .. ...... 153
12.2. Coherent amplitude demodulation system. . ... ............... 158
12.3. Quadrature multiplexing system . ... ...................... 162

Chapter 13. Modulations and Demodulations With Noise ... ... .. 171
13.1. Demodulation in the presence of noise using a triangular filter. . . . . 171
13.2. Detection of a digital signal with the presence of noise . ......... 178
13.3. Digital transformation of an analogic signal . ... .............. 182

Bibliography .. ... .. ... 185





