
Dlgltal
0offimunlcttlsns

,i-JE. : -* -==: : . = i r r:= :-'- i ;= --; ==a L'-...-:-.;,; r-:-. i __: -++;_i=_==.=:t ='i i...= 1- i:-_.;.:: L_--

=:=

Frofl ot"
s0urceS

Irl'l



Contents

tttracf

I mf{rs AriD sPECTRA

.; @mei Cr:mmunication Signal Processing, 3

--_ fihDigital?, 3 *

- * - Tlpical Block Diagram and Transformations, 4
: - -; B.,xic Digital Communication Nomenclature. 11

:"; r Digisl versus Analog Performance Criteria, 13
: " rilamrffi;etion of Signals, L4

I - j Dctemtinistic and Random Signals, 14

-:i Perirtdic and Nonperiodic Signals, 14
::*r Antlog and Discrete Signals, 14

- 'r Energ'and Power Signals, 14

-:*r The L-nit Impulse Function, 16
:: Sq'Btrrl Densiry, 16

- -: -' Enzrg Spectral Density, 17
:-: - Pov'er Spectral Density, 17

-, { 4mrnrrelation, 19
: 1 : -lwocorrelation of an Energy Signal, 19

-' .r: -Autocorrelqtion of a Periodic (Power) Signal, 20

--: R,.rmdm Signals, 20

-'i - RandomVariables, 20
---: - Random Processes, 22

---s-r Time Averaging and Ergodicity, 25

---j j Po*'er Spectral Density of a Random Process, 26



1.6 Signal Transmission through Linear Systems, 33

16.1 Impulse Response, 34

1.6.2 Frequency Transfer Function, 35

1.6.3 DistortionlessTransmission, 36

1.6.4 Signals, Circuits, and Spectra, 42

1|7 Bandwidth of Digital Data, 45

1.7.1 Baseband versus BandPass, 45

1.7.2 The Bandwidth Dilemma, 47

1.8 Conclusion, 51

2 FORMATTING AND BASEBAND MODULATION

2.1 Baseband SYstems, 56

2.2 Formatting Textual Data (Character Coding), 58

2.3 Messages, Characters, and Symbols, 61

2.3.1 Example of Messages' Characters, and Symbols, 61

2.4 Formatting Analog Information, 62

2.4.1 The SamPling Theorem, 63

2.4.2 Aliasing, 69
2.4.3 Why OversamPle? 72

2.4.4 Signal Interface for a Digital System, 75

2.5 Sources of CorruPtion, 76

2.5.1 Samplirtg and Quantizing Effects, 76

2.5.2 Channel Effects, 77

2.5.3 Signal-to-Noise Ratio for Quantized Pulses, 78

2.6 Pulse Code Modulation, 79

2.'7 Uniform and Nonuniform Quantization, 81
' 2.7.1 Statistics of Speech Amplitudes, 81

2.7.2 Nonuniform Quantization' B3

2.7.3 CompandingCharacteristics, 84

2.8 Baseband Modulation, 85

2.8.1 Waveform Representation of Binary Digits' 8-5

2.8.2 PCM Waveform TYPeq 85

2.8.3 Spectral Attributes of PCM Waveforms, 89

2.8.4 Bits per PCM Word and Bits per Symbol, 90

2.8.5 M-ary Pulse ModulationWaveforms, 91

2.9 Correlative Coding, 94

2.9.1 DuobinarY Signaling, 94

2.9.2 DuobinarY Decoding, 95

2.9.3 Precoding, 96

2.9.4 Duobinary Equivalent Transfer Function, 97

2.9.5 Comparison of Binary with Duobinary Signaling, 98

2.9.6 Polybinary Signaling, 99

2.10 Conclusion, 1-00



J il, q"i,f BArD DE}TODULATION/DETECTION

{ B r\f,}p q.ss \IoDULATTON AND DEMODULATToN/
Dfmfrro-\

104

L67

vtl



4.5 Noncoherent Detection, Ig4
4.5.1 Detection of Differential pSK, 194
4.5.2 Binary Dffirentiat pSK Example, tg6
4.5.3 Noncoherent Detection of FSK, lgg
4.5.4 Required Tone Spacing for Noncoherent Orthogonal FSK, 2004.6 Complex Envelope, 204
4.6.1 Quadrature Implementation of a Modulator, 205
4.6.2 DSPSK Modulator Example, 206
4.6.3 DBPSK Demodulator Example, 20g

4.7 Error Performance for Binary Systems, Zpg
4.7.1 Probability of Bit Error for Coherentry Detectecl BpsK, 20g4.7.2 Probability of Bit Error for Coherentiy Detectert

Differentially Encoded Binarv pSK. 2II
4.7.3 Probabitity of Bit Error for Coherently Derected

Binary Orthogonal FSK, 213
4.7.4 Probability of Bit Error for Noncoherently Detected

Binary Orthogonal FSK, 213
4.7.5 Probability of Bit Error for Binary D?SK, 216
4.7.6 Comparison of Bit Error performance for Various

Modulation Types, 2lg
4.8 M-ary Signating and performance, 21.g

4.8.1 ldeal prabability of Bit Error performance, 219
4.8.2 M-ary Signaling, 220
4.8.3 Vectoriql View of MpSK Signaling, 222
4.8.4 BPSK and epsK Have the same Bit Error probabitity, 2234.8.5 Vectorial View of MFSK Signaling, 225

4.9 Symbol Error performance for M_ary Systems (M > Z), ZZg
4.9.1 Probabiliry of Symbot Error for MpSK, 22g
4.9.2 Probability of Symbol Error for MFSK, 230
4.9.3 Bit Error probability versus symbot Error proiabitity

for Orthogonal Signals, 232
4.9.4 Bit Error probabitity versus Symbot Error probabilitv

for Multiple phtse Signaling, 234
4.9.5 ' Effects of Intersymbol Interference, 235

4.70 Conclusion, 236

J COMMUNICATIONS LINK ANALYSIS

1! What the Sysrem Link Budget Tells the System Engineer, 2435.2 The Channel, 244
5.2.1 The Concept of Free Space, 244
5.2.2 Error-performanceDegradation, 245
5.2.3 Sources of Signat Loss and Noise, 245

viii

242

Contents



: -: i..:' =-: S-=el Porver and Noise Power. 250
-"-: - ILc R;fi_ge Eqttation, 250
:-:- i,t,:t;',2,1 Signal Power as a Function of Frequency, 254
:-:*: -:;c l.r-ss is Frequency Dependent, 256
-j*: /i J"**;;/ \oise Power, 258

: riu - :*'mx J,rrr'!;i -{nalysis, 259

-' ir - l. -- E. \-nValues of Interest, 262
: 4i -;; Budgets are Typically Calculated in Decibels, 263
-; 4-: i : " lltich Link Margin is Enough? 264
_" "r 4 ' 

*-_): _li ailabilie, 266
: -: lt*nne F:g-::. \oise Temperature, and System Temperature, 270

: i - \" :;..: Fiqure. 270
: j j \. : ;d Tentperature, 273
:: -: *r*- l-r,ss. 274
:: .rt -1.""':-:..-sire \toise Figure and Composite Noke Temperature, 276

-" 
ji 

-i li;i-; E-ftbctive Temperature, 277
:: l' -i,L., .\-.r1sg TemperAtUre, 282

il!, $mme :-i -\lalvsis, 286
: r-- ' ,-i- Eu.lqet Details, 287
: r * i,:":i.-..:, Figure of Merit, 289 -' t -: i:::.,ii Isotopic Power, 289

: - Sssllitmc R=:eaters. 290
: - \ y;t _:enerative Repeaters, 291

o i *j r*';r.;qg*11' Repeater Amplifiers, 295
: il $*mmsm l-,.:,;-Otls. 296

: I l-omruru:r* :9:

5 ctarmsrft. coDrNG: PART 1

r" ,, @ ln'*r:u= C.-di-ng and Structured Sequences, 305
r. - - \*;: :ial and Orthogonal Signals, 307
t- - i .W-:-, Signaling, 308
n - i 7 ;, c';'nrt Coding, 309
r-- I 7 ;, e.',-'nn-Coding System Example, 313

'r'j Trnnts :( Er:trr Control, 315

r" - - T:rtt:,zi Connectivity, 315
r. ' - -4.2.t:,matic Repeat Request, 316

'ri :'i-rcireri Sequences, 3I7
r"-r -- Ciunnel Models, 318
r.ij Co,le Rate and Redundancy, 320
:.-:-: Pain' Check eodes, 321
:"*:-J ll-hy L'se Error-Correction Coding? 323

304

l:r;srts lx


