Contents

Preface
Notations and Abbreviations

Introduction to MATLAB
1 Vartables . . . . . . .

1.1 Vectors and matrices . . . . . . .. ... . ... ...
1.2 ATTayS . . .. e
1.3 Cells and structures . . . . . . . ... ... ... ...
2 Operations and functions . . . . . . .. ... .. ... ... ..
2.1 Matrix operations . . . . . . . ... ... ...
2.2 Pointwise operations . . . . . .. ... ... ... ...
2.3 Constants and imitialization . . . . . . . . . ... ...
2.4 Predefined matrices . . . . .. ... ...
2.5 Mathematical functions . . . . . . . .. .. ... ...
2.6 Matrix functions . . . . . ... ...
2.7 Other useful functions . . . . . . . . . ... ... ...
2.8 Logical operators on boolean variables . . . . . . . ..

2.9 Program loops . . . . . . ... . Lo

3 Graphically displaying results . . . . . . ... ... ... ...

4 Converting numbers to character strings . . . ... ... ...

5 Input/output . . . . ... ...

6 Program writing . . . . . . ... ... Lo oL
Part 1 Deterministic Signals

Chapter 1 Signal Fundamentals

1.1 The concept of signal . . . . .. .. ... ... ... .. ...
1.1.1 Afewsignals . . . . . . . ...
1.1.2  Spectral representation of signals . . . . . . ... . ..
1.2 The Concept of system . . . . . .. ... .. ... ... .. ..
1.3 Summary . . . . .. ..

15

19

23
24
24
26
27
29
29
30
31
31
32
34
34
35
35
36
39
39
40



8 Digital

Chapter 2
2.1

2.2
2.3

2.4

Chapter 3
3.1

3.2
3.3
3.4

Chapter 4
4.1
4.2

4.3
4.4

4.5
4.6
4.7

4.8

Signal and Image Processing using MATLAB®

Discrete Time Signals and Sampling
The sampling theorem . . . . . . ... ... .. ... .. ...
2.1.1  Perfect reconstruction . . . . . ... .. ... ... ..
2.1.2  Digital-to-analog conversion . . . . . ... ... ...
Plotting a signal as a function of time . . . . . . . . ... . ..
Spectral representation . . . . ... ... L0
2.3.1  Discrete-time Fourier transform (DTFT) . ... . ..
2.3.2  Discrete Fourier transform (DFT) . . ... ... ...
Fast Fourier transform . . . . . .. .. ... ... .. ..., ..

Spectral Observation
Spectral accuracy and resolution . . . . . . . . ... ... ...
3.1.1  Observation of a complex exponential . . . . . . . ..
3.1.2  Plotting accuracy of the DTFT . . . . ... ... ...
3.1.3  Frequency resolution . . . . . . ... . ... ... ...
3.1.4  Effects of windowing on the resolution . . . . . . . ..
Short term Fourier transform . . . .. ... .. ... ... ..
Summingup . . . . ...
Application examples and exercises . . . . . . ... ... ...
3.4.1  Amplitude modulations . . . . ... .. ... ... ..
3.4.2  Frequency modulation . . . . . .. ... ... ... ..

Linear Filters

Definitions and properties . . . .. ... ... ... . .....
The z-transform . . . . . . ... ...
4.2.1  Definition and properties . . . . ... ... ... ...
422 Afewexamples . ... ... ... ... .. ...
Transforms and linear filtering . . . . . . . . . ... ... ...
Difference equations and rational TF filters. . . . . . ... ..
4.4.1  Stability considerations . . . . . .. ... ... ...
442 FIR and IIR filters . . . . . . . ... .. ... .. ...
4.4.3  Causal solution and initial conditions . . . . . . . ..
4.4.4  Calculating the responses . . . . . . . ... ... ...
4.4.5  Stability and the Jury test . . . . . . ... ...
Connection between gain and poles/zeros . . . . . . ... . ..
Minimum phase filters . . . . . .. ... L.
Filter design methods . . . . . . . . .. ... ... ... .. ..
4.7.1  Going from the continuous-time filter to the discrete-

time filter . . . . . ..o
4.7.2  FIR filter design using the window method . . . . . .
4.7.3 TR filter design . . . . . ... ... oL
Oversampling and undersampling . . . . .. . ... ... ...
4.8.1  Oversampling . . . ... ... ... ... .

51
52
52
64
65
67
67
71
77



Chapter 5
5.1

5.2

Chapter 6
6.1

6.2

6.3
6.4
6.5

6.6

6.7

Part 11

Chapter 7
7.1
7.2

4.8.2  Undersampling . . . . . ..

Filter Implementation
Filter implementation . . . . . . ..
5.1.1  Examples of filter structures

Contents 9

5.1.2  Distributing the calculation load in an FIR filter . . .

5.1.3  FIR block filtering . . . . .
5.1.4  FFT filtering . . . . .. ..
Filter banks . . . . . ... ... ..

5.2.1  Decimation and expansion
5.2.2  Filter banks . .. ... ..

An Introduction to Image Processing

Introduction . . . . . ... ... ..
6.1.1  Image display, color palette
6.1.2  Importing images . . . . .

6.1.3  Arithmetical and logical operations . . . . ... ...

Geometric transformations of an image . . . . . .. ... ...

6.2.1  The typical transformations
6.2.2  Aligning images . . . . . .
Frequential content of an image . .
Linear filtering . . . . . .. ... ..
Other operations on images . . . .
6.5.1  Undersampling . . . . . ..
6.5.2  Oversampling . . ... ..
6.5.3  Contour detection . . . . .
6.5.4  Median filtering . . .. ..
6.5.5  Maximum enhancement . .
6.5.6  Image binarization . . . . .

6.5.7  Morphological filtering of binary images . . . . . . . .

JPEG lossy compression . . . . . .
6.6.1  Basic algorithm . . .. ..

6.6.2  Writing the compression function . . ... ... ...
6.6.3  Writing the decompression function . . . . ... ...

Watermarking . . . . ... ... ..
6.7.1  Spatial image watermarking

6.7.2  Spectral image watermarking . . . . . ... ...

Random Signals

Random Variables

Random phenomena in signal processing . . . . . . ... ...

Basic concepts of random variables

159
159
159
164
165
167
173
174
177

187
187
187
191
193
196
196
199
203
207
217
217
217
220
226
227
229
234
236
236
237
240
241
241
244



10 Digital Signal and Image Processing using MATLAB®

7.3

7.4
7.5

Chapter 8

8.1
8.2

8.3
8.4
8.5

Chapter 9

9.1

9.2

Common probability distributions . . . . . . .. .. ... ...
7.3.1  Uniform probability distribution on (a,b) . . . . . ..
7.3.2  Real Gaussian random variable . . . . . . . ... . ..
7.3.3  Complex Gaussian random variable . . . . . . . . ..
7.3.4  Generating the common probability distributions . . .
7.3.5  Estimating the probability density . . . . . . . . . ..
7.3.6  Gaussian random vectors . . . . . . .. ... ... ..
Generating an r.v. with any typeof pd. . . . . .. . ... ..
Uniform quantization . . . . . . . ... ... ... ... ...

Random Processes
Introduction . . . . . .. ...
Wide-sense stationary processes . . . . . . . . ... ... ...
8.2.1  Definitions and properties of WSS processes . . . . .
8.2.2  Spectral representation of a WSS process . . . . . ..
8.2.3  Sampling a WSS process . . . ... ... ... .. ..
Estimating the covariance . . . . . .. ... .. .. ... ...
Filtering formulae for WSS random processes . . . . . . . ..
MA, AR and ARMA timeseries . . . . ... .. ... .....
85.1 @ order MA (Moving Average) process . . ... ...
8.5.2 P order AR (Autoregressive) Process . . . ... . ..
8.5.3  The Levinson algorithm . . . . ... . ... ... ...
854 ARMA (P,Q) process . . . . . ... ... ...

Continuous Spectra Estimation
Non-parametric estimation of the PSD . . . . . . . .. . . ..
9.1.1  Estimation from the autocovariance function . . . . .
9.1.2  Estimation based on the periodogram . . . ... ...
Parametric estimation . . . . . .. ... ... L.
9.2.1 AR estimation . . ... .. ... .. ..........
9.2.2  Estimating the spectrum of an AR process . . . . . .
9.2.3  The Durbin method of MA estimation. . . .. .. ..

Chapter 10  Discrete Spectra Estimation

10.1

10.2
10.3

Estimating the amplitudes and the frequencies . . . . . . . ..
10.1.1 The case of a single complex exponential . . . . . . .
10.1.2 Real harmonic mixtures . . . . . . . . .. . ... ...
10.1.3 Complex harmonic mixtures . . . . . . .. ... ...
Periodograms and the resolution limit. . . . . . .. ... . ..
High resolution methods . . . . . . .. .. ... ... .. ...
10.3.1  Periodic signals and recursive equations . . . . . . ..
10.3.2  The Prony method . . . . . . . .. .. ... ... ...
10.3.3  The MUSIC algorithm . . . . ... .. ... .. ...

10.3.4 Introduction to array processing . . . . . .. .. ...



Contents 11

Chapter 11 The Least Squares Method 389
11.1  The projection theorem . . . . . . . . .. ... ... ... ... 389
11.2  The least squares method . . . . . . . . ... ... ... . ... 393

11.2.1  Formulating the problem . . . ... .. ... .. ... 393
11.2.2 The linear model . . . . . . . . ... ... ... 394
11.2.3  The least squares estimator . . . . . . . . . ... ... 395
11.2.4 The RLS algorithm (recursive least squares) . . . . . 402
11.2.5 Identifying the impulse response of a channel . . . . . 405
11.3 Linear predictions of the WSS processes . . . . . . . ... .. 407
11.3.1  Yule-Walker equations . . . . . ... . ... ... ... 407
11.3.2  Predicting a WSS harmonic process . . . . ... ... 408
11.3.3  Predicting a causal AR-P process . . ... ... ... 411
11.3.4 Reflection coefficients and lattice filters . . . . . . . . 412
11.4  Wiener filtering . . . . . . ... .o oL 417
11.4.1 Finite impulse response solution . . . . . . ... ... 419
11.4.2  Gradient algorithm . . . ... ... ... ... .. 420
11.4.3  Wiener equalization . . . ... ... . ... ... ... 427
11.5 The LMS (least mean square) algorithm . . . ... ... ... 430
11.5.1  The constant step algorithm . . . . . ... ... ... 430
11.5.2  The normalized LMS algorithm . . . ... ... ... 439
11.5.3 Echo canceling . . . . . . ... ... ... ... 442
11.6  Application: the Kalman algorithm . . . . . . ... ... ... 446
11.6.1 The Kalman filter . . . . ... ... . ... ... ... 446
11.6.2 The vectorcase . . . . . ... ... ... ... ... . 449

Chapter 12 Selected Topics 451

12.1  Simulation of continuous-time systems . . . . ... ... ... 451
12.1.1 Simulation by approximation . . . . . . .. ... . .. 451
12.1.2  Exact model simulation . . . . . ... ... ... ... 452

12.2  Dual Tone Multi-Frequency (DTMF) . . . . . ... ... ... 455

12.3  Speech processing . . . . . ... .. 461
12.3.1 A speech signal model . . . . . ... ... 461
12.3.2 Compressing a speech signal . . . . .. .. ... ... 468

124 DTW . . . 471

12.5 Modifying the duration of an audio signal . . . . . ... ... 474
125.1 PSOLA . . . .. .. 475
12.5.2 Phase vocoder . . . . . . ... 477

12.6 Quantization noise shaping . . . . . .. . ... ... ... ... 478

12.7  Elimination of the background noise in audio . . . . . . . ... 482

12.8 Eliminating the impulse noise . . . . . ... . ... ... ... 484
12.8.1 The signal model . . . . . .. ..o oo 484
12.8.2 Click detection . . . . . . ... ... 485

12.8.3 Restoration . . . . . . . . ... ... 488



12 Digital Signal and Image Processing using MATLAB®

12.9

12.10
12.11

12.12
12.13
12.14
12.15

12.16

12.17

Part I11

Tracking the cardiac thythm of the fetus . . . . . . .. . . ..
12.9.1 Objectives . . . . . . . ...
12.9.2  Separating the EKG signals . . . . . . ... ... ...
12.9.3  Estimating cardiac rhythms . . . . . .. .. ... . ..
Extracting the contour of acoin . . . . . . ... ... ... ..
Principal component analysis (PCA) . . ... ... ... ...
12.11.1 Determining the principal components . . . . . . . . .
12.11.2 2-Dimension PCA . . . . . . . ... . ... ... ...
12.11.3 Linear discriminant analysis (LDA) . ... ... ...
Separating an instantaneous mixture . . .. . ... ... ..
Matched filters in radar telemetry . . . . . . . ... ... ...
Kalman filtering . . . . . . ... ... ... .
Compression . . . . . . ...
12.15.1 Scalar quantization . . . . . .. ... ... ... ...
12.15.2 Vector quantization . . . . . . ... . ... ... ...
Digital communications . . . . . . ... ...
12.16.1 Introduction . . . . . . . ... ... ... ... ...
12.16.2 8-phase shift keying (PSK) . . . ... ... ... ...
12.16.3 PAM modulation . . . . ... ... 0.
12.16.4 Spectrum of a digital signal . . . . . . ... ... ...
12.16.5 The Nyquist criterion in digital communications . . .
12.16.6 The eye pattern . . . . . .. ... ...
12.16.7 PAM modulation on the Nyquist channel . . . . . . .
Linear equalization and the Viterbi algorithm . . . ... . ..
12.17.1 Linear equalization . . . ... ... . ... ... ...
12.17.2 The Viterbi algorithm . . . . . ... . ... ... ...

Hints and Solutions

Chapter 13 Hints and Solutions

H1
H2
H3
H4
H5
H6
H7
H8
H9
H10
HI11
H12

Signal fundamentals . . . . . .. ..o o000
Discrete time signals and sampling . . . . . . ... ... ...
Spectral observation . . . . . ... ... 0L
Linear filters . . . . . . .. ...
Filter implementation . . . . . . .. ... ... .........
An Introduction to image processing . . . . . ... ... ...
Random variables . . . .. ... ...
Random processes . . . . . . . . ...
Continuous spectra estimation . . . . . . . . . ... ... ...
Discrete spectra estimation . . . . . . . . ... ... ... ...
The least squares method . . . . . . ... .. ... .. .....
Selected topics . . . . . ...



Chapter 14  Appendix

Al Fourier transform . . . .. . ... ... ...

A2 Discrete time Fourler transform

A3  Discrete Fourier transform . . . . ... . ..
A4 z-Transform . ... .. ... ... ... ...
A5 Jury criterion . . . .. ...

A6 FFT filtering algorithms revisited
Bibliography

Index

Contents 13




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




