Contents

Preface......oviiii ettt ettt ix
AUTNOT ot xi
Lo INtrOdUuCtion ..o 1
2. Underwater Signal Parameter Detection and Estimation....................... 3
2.1 Acoustic Sensor Uit ..ot 4
2.2 Direct-Integration Method........cccoooiiviieiicincninccceeee 6
2.3 Normalization and Optimization...........cceeeeerieenrecnnnnennnennns 10
2.3.1  System Optimization........oovevicreirnencrenrnsenicneeenenn. 13

24 Reversed Configuration .....coocciieiennnininseene e 16
25 Active Modality ..o 21

3. System ANAlYsis. ..ot 23
3.1  Linear Coherent SYStemMS .......c.ccovviiimcirinniceee s 23
3.1.1  Impulse FUNCHONS ..o 23

3.1.2  Plane Waves ..ot 25

3.1.3 Impulse Responses of Wave Propagation .........ccocuevnen. 27

314 Transfer FUNCHONS ..ottt 28

3.1.5  CorreSpondences.......oiiniecuciniiicecrnereseeneeseisesneneas 29

3.2 Backward Propagation ... cesessennns 31
3.21 Image Reconstruction by Inverse Filtering.........c.ccoeuuue... 32

3.2.2  Plane-to-Plane Backward Propagation...........c.cccevivienenne. 33

3.23 Power Spectrum and the Point-Spread Function.............. 34

3.24  Wavefield Signal Processing..........cccovevveneurrninscveccenerceenn. 35

3.2.5 Backward Propagation in Space Domain........ccocceevvencees 36

3.2.6 Phase-Only Technique..........cccccoovevivencirninnnciiiiicnenn, 39

3.3  Fresnel and Fraunhofer Approximations ........ccccoecreuverievncrieenncncn. 40
3.3.1 Fresnel ApproxXimation ..........c.cccviceemnnneroiienneecncens 41

3.3.2  Fraunhofer ApproxXimation ..........cccccveevrrrennssniisiereiennen. 44

3.4  Holographic IMaging ......c.ccceceuiviiniiinccneeniensssee s 44
3.5 Diffraction TomoOgraphy........cccovniiivinenneineesssse e 47
3.5.1  Active IHumination......c.oeciicncecineiee e 48

3.5.2 Tomographic Reconstruction..........cooeecrnecernniiiinincnenes 50

3.5.3 Tinite-Size APerture .......coivvrriireenineneneeeesesiisecenes 51

3.6  Resolution Analysis of Discrete Arrays.........cccooceremmniriecrcrenececnne. 53
3.6.1 Classical Formulation...........ccccoiveicnnnnnnescrcnncnenns 54

3.6.2  Fourier ANalysiS......cooiiiiiinnnneicieiniee e 55

3.6.3  ACHVE SYSEIMS...oviiiiriiriiiiiiiiinreceree e 57

vii



viii Contents

3.6.4 Range Resolution ... 59

3.6.5 Wideband Case ........ccccoeevnreiicnninnn e 62

4. Acoustical Imaging Applications.............c.cooooiiiiiiiiciniie, 65

4.1  Multi-Frequency IMaging........ccocoevevrriiiciiniiniicicnce e 65

4.1.1  Scanning Tomographic Acoustic Microscopy .................. 66

41.2 Multi-Frequency Backward Propagation .............cco.o........ 68

42  Pulse-Echo IMaging.......ccccocvniiiiicnmnneceneessenn s 70

4.2.1 Synthetic-Aperture Sonar Imaging...........cccovvvveerirernnnens 71

4.3  Linear-Chirp Signaling.......c.cccccouveiminininiiiiicieneeseeseeees 72

44  Step-Frequency FMCW Ultrasound Imaging........cccccevveveenereeaes 75

4.41 Superposition of the Range Profiles........ccc.cooceveerriennnen. 79

442 FMCW Medical Ultrasound Imaging........c..cccooevrrrrnnnee. 80

4.5  Chirp Signal and Fresnel Phase Pattern..........ccccccocoeocvinininennnnee 82

4.5.1 Implementation by FFT......ccviiinivnnneniieeesssnssienenn, 84

5. Resolution Enhancement and Motion Estimation................cccccoovuen. 87

5.1 Quadrature-Receiver Phase Errors and Correction....................... 87
5.1.1 Data Acquisition of the Step-Frequency FMCW

SYSTEIMS ...t 87

5.1.2 Quadrature-Receiver Phase Errors......cccceceveivivivninerininn 89

5.1.3 Estimation of the Phase Errors ......coocivveecrcivnincennnnce. 90

5.1.4 Correction Procedure........covviriiniicinicincennirennreesnennnnes 92

5.2 Resolution Enhancement by Wavefield Statistics...........cccovruruennee. 98

521 Image Reconstruction by Coherent Backward

Propagation ... 98

522  Wavefield StatistiCs ........cooevmeiniiiiniiiicicnncrcc s 100

5.2.3 Wideband Modality......c.ccoouevieirnimniiiiiiiecececrns 101

524 Cascade FOIM ..o 102

5.2.5 Calculation of Wavefield Statistics .........c.cccovvererrrrrrrennee. 102

53 Parameter-Based Motion Estimation .........cccccoevvecconcnnnicenene. 103

5.3.1 Point Features and Matching Correspondences ............. 103

5.3.2  Without Matching Correspondences............ccconvureuencee. 105

5.3.3 Complex-Image StatistiCS.......ccecrrurerernrniriiemniricicirenenne 107

5.4 Image-Based Motion Estimation and Imaging............cccecevvurnnen. 110

541 Image-Domain Methods.......cccooriiiiiiiiiicnccrccnecenn. 110

5.4.2 Data-Domain Methods.......cocovvvrviiiicininiinnnnnneneen, 110

5.4.3 Hybrid Version ... 111

544 Frequency-Domain AnalysiS......ccoovviiiincercnnccenennen. 112

INAEX ...t 117



