Contents

Part 1 Fundamentals of Speckle Patterns and Basic Properties

The Story of Speckles in Interferometry
By R.Dandliker ... ..

Speckle Decorrelation: Observed, Explained, and Tackled
By H. van Brug, and P.A.A.M. Somers (With 6 Figures)  ............

Spatial Characterization of the Laser Speckles at Volume Hologram
Reconstruction
By V. Markov (With 5 Figures)  ......... .. ... .. ... ...,

Correlation Between Intensity and Phase in Speckle Pattern Interferometry
By G. Martini, and M. Sorel (With 4 Figures) .....................

Laser Doppler and Speckle Phenomena: To an Integrated Approach
By A. Serov, W. Steenbergen, and F. de Mul (With 4 Figures)  ........

Speckle Signal Generation in Self-Mixing Laser Diodes
and its use for Speckle Velocimetry
By S.K. Ozdemir, S. Shinohara, and G. Lai (With 7 Figures)  .........

11

19

27

33

41

Part2  Speckle Photography: Image Correlation Techniques

From Coherent Speckle Photography to White Light Scratch Correlation
By P.Boone ...

Experiment/Computation Interactions by Using Digital Image Correlation
By Y. Berthaud, S. Calloch, C. Cluzel, FE. Hild, and J.-N. Périé
(With 7 Figures) .. ...

Micromechanical Applications of Digital Image Correlation Techniques
By P. Doumalin, and M. Bornert (With 2 Figures) — .................

Miniaturized Low-Power Motion Detection Based on Optical

Speckle Patterns

By S. Lauxtermann, P. Seitz, J. Piot, O. Theytaz, O. Campiche,

and R. Dandliker (With 4 Figures) — ........ .. ... .. ... ... .......

Spectral Phase Algorithm: Competitive way to Measure Rapidly Small
Displacements by Numerical Speckle Photography

By C. Poilane, E. Lantz, L. Bornier, P. Delobelle, and G. Tribillon

(With 3 Figures) ... e e e

Applications of Digital Image Correlation Technique to the Damage

and Fracture Study of Heterogeneous Materials

By J. Fang, C.Y. Xiong, J. Zhang, M. Li, and J.X. Wang

(With 7 Figures) .. ...

51

59

67

75

83

91



X Contents

Part3  Holographic Interferometry

3.1 Theoretical Aspects

Deformation Measurement by Holographic Interferometry.
Analysis on Curved Surfaces
By W. Schumann (With 1 Figure) .......... .. ... ... ... ... ....

Modification Methods in Holographic and Speckle Interferometry
By D.E. Cuche (With 4 Figures)  ........... ...t

Microscopic Electronic Holographic Moiré
By C. Sciammarella, and F. Sciammarella (With 3 Figures) ..........

Holographic Recording of Gratings for Dynamic Strain Field Measurement
By R. Rotinat, V. Valle, and M. Cottron (With 5 Figures) ............

3.2 Manifold Applications

Advanced Practical Holography: In situ Instant Holographic Interferometry
on Silver Halide Media Without Liquid Gates or Repositioning

of the Media

By V. Petrov (With 4 Figures)  .......... ... i,

Applications of Holographic Interferometry for Nondestructive Dynamic
Structural Analysis of Miniature Mechanical Components
By H. Fein (With 5 Figures) — ........ ... . .. ..

Detection of Flaws in Composite Ceramic-Metal Plates with Vibrations
and Flexural Waves and Dynamic Holographic Interferometry
By M. Conrad, and M. Sayir (With 3 Figures)  ....................

Surface Deformations Analysis by Double Exposure Holography
Using Guided Waves and Image Processing
By ML.IL. Baritz, M. Conte, and I. Rosca (With 4 Figures)  ............

3.3 Photorefractive Holographic Interferometry

Photorefractive Real Time Interferometry Applied to Non Destructive Testing

By Ph. Delaye, G. Pauliat, and G. Roosen (With 4 Figures) ..........

Adaptive Interferometry of Speckled Waves in Photorefractive Crystals
Using Polarization Self-Modulation
By A.A. Kamshilin, and K. Paivasaari (With 3 Figures) .............

Adaptive Photodetectors Using the Effect of the Non-Steady-State
Photoelectromotive Force for Vibration Measurements

By LLA. Sokolov, P. Hess, M. A. Bryushinin, V.V. Kulikov, S.H. Khan,

and K.T.V. Grattan (With 5 Figures)  ............ ... ... ... ... ....

Userfriendly and Compact Holographic Camera Based on Photorefractive
Crystals. Applications in High Accuracy Metrology
By Ph.C. Lemaire, V.S. Scauflaire, and M.P. Georges (With 6 Figures)

101

109

115

123

133

145

153

161

171

179

187

195



Contents XI

3.4 Numerical Reconstruction Holography

Digital Holography for Metrologic Applications
By Th. Kreis (With 9 Figures) — ......... ... . .. .. ... 205

Digital Holographic Microscopy, a new Method for Simultaneous

Amplitude- and Quantitative Phase-Contrast Imaging

By E. Cuche, P. Marquet, P. Dahlgren, and Ch. Depeursinge

(With 2 FIgures) ...t e e e e 213

Digital Holography With Improved Resolution by Spatial
Sampling of Holograms
By M. Jacquot, P. Sandoz, and G. Tribillon (With 5 Figures) — ......... 219

A Method for Polarisation Imaging Using Digital Holography
By T. Colomb, P. Dahlgren, E. Cuche, D. Beghuin, and Ch. Depeursinge
(With 4 FIgures) ... e e e e e 227

Numerical Heterodyne Holography
By F. Le Clerc, L. Collot, and M. Gross (With 6 Figures) ............ 235

Selection of Ballistic Photons in Diffusing Media by Numerical
Heterodyne Holography
By F. Le Clerc, L. Collot, and M. Gross (With 3 Figures) ............ 243

Surface Contouring by Phase-Shifting Digital Holography
and Noise Reduction
By I. Yamaguchi, S. Ohta, and J. Kato (With 7 Figures) ............. 249

Part4  Speckle Interferometry

4.1 Methods and Configurations

Multifunctional Phase-Stepping Interferometer
By V. Sainov, and P. Boone (With 12 Figures) — .................... 259

A Novel Fiber Illumination System for In-plane Displacement Measurement

in Electronic Speckle Pattern Interferometry

By D. Rodriguez, M. Dapena, M. Gallas, M.T. Abeleira, D. Suérez,

and V. Moreno (With 5 Figures)  ......... ... ... ... . .. 267

In-plane Deformation Measurement Using ESPI Carrier Fringes
By J. Blanco-Garcia, A. Fernandez, F. Ribas, and J. Hurtado
(With 4 Figures) .. ... ... e 275

Measuring Amplitude and Phase of Vibration With Double-Exposure

Stroboscopic TV Holography

By A.F. Doval, C. Trillo, D. Cernadas, B.V. Dorrio, C. Lépez,

J.L. Fernandez, and M. Pérez-Amor (With 3 Figures)  .............. 281



XII Contents

Real-Time Double-Exposure Stroboscopic TV Holography for the

Detection of Very Small Vibrations. A Comparison With

Other TVH Techniques

By C. Trillo, A.F. Doval, D. Cernadas, B.V. Dorrio, C. Lépez,

J.L. Fernandez, and M. Pérez-Amor (With 1 Figure)  ............... 289

Rayleigh Wave Amplitude Field Determination by a Simple Speckle

Point Interferometer

By D. Cernadas, C. Trillo, A.F. Doval, B.V. Dorrio, C. Lopez,

J.L. Fernandez, and M. Pérez-Amor (With 4 Figures)  .............. 297

Stepped-Amplitude Modulation Interferometry - A new Real-Time
Mechanical Vibration Measurement Technique
By D. Borza (With 5 Figures)  .......... .. . ... 305

3D-PulsESPI Technique for Measurement of Dynamic

Structure Response

By R. Krupka, T. Walz, A. Ettemeyer, Z. Wang, and J. Tyson

(With 8 Figures) ... e e e e e 311

Quantitative Strain Analysis With Image Shearing Speckle Pattern
Interferometry
By S. Waldner, and N. Goudemand (With 9 Figures)  ............... 319

Rigid Body Effects in Shearographic Strain Measurements
By E. Hack (With 2 Figures)  ............ . ..., 327

4.2 Impact in Engineering Disciplines: Examples of Measurements

TV-Holography on a Microscopic Scale: Deformation Monitoring on
Polychrome Terracotta Warriors
By G. Giilker, K.D. Hinsch, and A. Kraft (With 4 Figures) ........... 337

Deformation Analysis of a Shaft by a Carrier Method of Speckle-Shearing

Pattern Interferometry

By A. Davila, G. Mendiola-Anda, F. Torres, and F.J. Casillas

(With 4 Figures) ... ..o e 345

Experimental Analysis of Composite Laminates Subjected to Bending
By E Bosia, M. Facchini, Th. Gmur, and J. Botsis (With 4 Figures) ..... 355

Combining Rapid Prototyping, Optical Field View Measurement

Techniques and Finite Element Analysis to Test Structural Integrity

of Tubular Joints

By C. Wykes, S. Leen, and C. Buckberry (With 2 Figures) ............ 363

Use of Electronic Speckle Pattern Interferometry on the Human

Skull Sutures Behaviour

By J.L. Dewandel, F. van Poelvoorde, and J.C. Legros

(With 10 Figures) ... ..o 371



Contents

Use of Electronic Speckle Pattern Interferometry in Fluid Physics
By O. Dupont, L. Joannes, J.L. Dewandel, and J.C. Legros

(With S Figures) ... i e e e

XIII

379

Part 5 Processing of Speckle Interferometric Signals
and Fringe Patterns

5.1 Image Processing Approach

A Scale Independent Algorithm for the Detection of Fault Indicating
Structures in Range Images

By D. Kayser, W. Osten, and W. Juptner (With 7 Figures) ............

Speckle Noise Reduction in ESPI Fringes Using Wavelet Shrinkage
By A. Federico, G.H. Kaufmann, and E.P. Serrano (With 5 Figures)

Carrier Based Fringe Pattern Processing in Speckle-Shearing
Interferometry

By C.Y. Xiong, Z.L. Yang, and J. Fang (With 6 Figures)  ...........

Rough Set Based Classification of Interferometric Images

By K.A. Cyran, and L.R. Jaroszewicz (With 2 Figures)  ............

From Interferometry to Image Processing: Phase Measurement Vision
Method for High Accuracy Position Sensing of Rigid Targets
By P. Sandoz, R. Escalona, V. Bonnans, and S. Dembelé

(With 6 Figures) ... e e e

5.2 Phase-Shifting Approach

Evaluation of Phase Shifting Speckle Interferometry Accuracy

By P. Picart (With 4 Figures) — ......... ... . i

Error Analysis of Three-frame Algorithms for Evaluation of Deformations
By J. Novak (With 4 Figures)  ......... ... ...

Phase-stepping Device for Interferometry for less than 1 €
By R. Denker, R. Schilling, V. Haerlin, and B. Lau (With 7 Figures)

An Application of White Light Profilometry Using Geometric
Phase Shifting
By A. Baldi, F. Bertolino, F. Ginesu, and M. Lera (With 11 Figures)

Phase Retrieval in Speckle Interferometry: a One-step Approach

By L. Bruno, and A. Poggialini (With 8 Figures)  .................

High Speed Phase-shifted Speckle Pattern Interferometry for Studying
Dynamic Events
By P.D. Ruiz, J.M. Huntley, G.H. Kaufmann, and D. Kerr

(With 4 Figures) .. ... i e

389

397

405

413

421

431

439

445

453

461

473



XIV Contents

5.3 Phase Unwrapping

Phase Unwrapping Algorithms: A Comparison
By A. Baldi, F. Bertolino, and F. Ginesu (With 3 Figures)  ........... 483

Some Improvements of the Phase Unwrapping Process by the use of
Simulated Annealing
By B. Gutmann, and H. Weber (With 4 Figures) ................... 491

Phase Unwrapping by a Regularization Technique in Fracture Measuring

Using ESPI

By R. Rodriguez-Vera, N. Alcala-Ochoa, B. Barrientos,

and J.L. Marroquin (With 3 Figures)  .......... ... ... ... ....... 499

Part 6 Connected Methods and New Techniques

6.1 The Borderline Case of Smooth Wave Interferometry

The Art Versus the Science of Interferometry: How can it be Absolute?
By K. Creath (With 2 Figures) — ........... ..., 507

An Optical Inhomogeneous Surfaces Profiler
By W.-J. Chen, C.Y. Lee, H. Chang, C.-K. Lee, and S.-S. Lu
(With 7 FIgures) ... e et 511

Measurements of Material Refractive Indices Using Heterodyne
Interferometry
By D.-C. Su, J.-Y. Lee, C.-C. Hsu, and M.-H. Chiu (With 1 Figure) .... 519

Identification of Three-dimensional Effects in Cracked Plates From
Quasi-heterodyne Interferometry
By L. Humbert, V. Valle, and M. Cottron (With 4 Figures) ........... 527

Interferometry in Partially Coherent Light Occured Under Shock
Loading of the Target
By N. Reinhand (With 7 Figures)  ......... ... .. .. ... ... ....... 535

Optimising the Common Path Interferometer: A Theoretical Framework
By J. Gliickstad, and P.C. Mogensen (With 3 Figures)  .............. 543

Spiral Fringes and Fringe Dislocations in GRIN Rod Testing
By M. Montoya-Hernandez, and D. Malacara-Hernandez
(With 3 Figures) ... e e et 551

Multibeam Interferometry in Laser Cavity: Physical Aspects
and Possible Applications
By V. Osipov, and V. Valyavko (With 4 Figures) .................... 557

Phase Compensation Technique in Diode-laser Self-mixing
Interferometry
By G. Lai, T. Sato, and S. Shinohara (With 6 Figures)  .............. 563



Contents XV

6.2 Other Whole-field Methods Related to Speckle Interferometry

Three Dimensional Photoelastic Model Study by Scattered Speckle
Light Analysis and Fringe Shifting
By A. Zenina, J.C. Dupré, and A. Lagarde (With 5 Figures) .......... 573

Artwork Profilometry Using a Diffractive Element for Fringe Projection
By G. Schirripa Spagnolo, and D. Ambrosini (With 4 Figures)  ....... 581

Testing of Ground deep Aspheric Surfaces With Fringe Projection
By D. Malacara-Doblado, J.M. Lopez-Ramirez,
and D. Malacara-Hernandez (With 2 Figures)  ..................... 589

Study of a Contact in the Gearing of a Tooth With its Wheel by
Optical Shadow Method
By M. Conte, I. Rosca, and M. Baritz (With 5 Figures) — ............. 593

Recording and Processing Digital Caustic Images from White Light
By J.D. Carazo-Alvarez, and E.A. Patterson (With 5 Figures) — ........ 599

Grating Shearography and its Application to Residual Stresses

Evaluation

By J. Bulhak, J. Lu, G. Montay, Y. Surrel, and A. Vautrin

(With 7Figures) .. ... e 607

Application of Fringe Projection and Wavelet Analysis to the Identification

of a Finite Element Model: Study of the Influence of Ripening on the

Mechanical Properties of a Biologic Material

By M. Carrez, P. Delobelle, and G. Tribillon (With 6 Figures)  ........ 615

6.3 Fiber Optics Sensors

Fibre Bragg Grating Sensors and Instrumentation are now Off-the-shelf
By P. Ferdinand, S. Magne, V. Dewynter-Marty, C. Martinez, G. Laffont,
S. Rougeault, V. Gerbe, J. Boussoir, and J. Balageas (With 4 Figures) .. 625

Structural Health Monitoring of Concrete Bridges
By K. Bergmeister, and U. Santa (With 4 Figures)  ................. 633

Phase Plate Process for Photowriting Engineering; Application
to Apodised Optical Fiber Bragg Grating Manufacturing
By C. Martinez, S. Magne, and P. Ferdinand (With 5 Figures)  ........ 641

Monitoring of Composite Structural Elements With Embedded

Optical Fibre Bragg Sensors

By W. De Waele, J. Degrieck, W. Moerman, L. Taerwe, and R. Baets

(With 8 Figures) ... ... i 649

Index of Contributors ......... ... ... . . . . . ... 657



2 Springer
http://www.springer.com/978-3-540-67943-1

Interferometry in Speckle Light
Theory and Applications
Jacquot, P.; Fournier, J.-M, (Eds.)
2000, XV, 659 p., Hardcowver
ISBN: 978-3-540-67943-1



