TABLE OF CONTENTS

CERTIFICATE.........coiieeeeeee ettt ettt ae s beene e s e il
DECLARATION BY THE CANDIDATE .........ooooiiiiee e \
COPYRIGHT TRANSFER CERTIFICATE .......cccccoooviiiiiiieeeeeeeeeee e vii
ACKNOWIEAGEMENTS ........ccoiiiiiiiiiiieiiee ettt e ettt enees ix
Table 0f COMEENTES ...........cccoiiiiiii ettt et xi
LSt of FIGUIES. ......ooiiiii et et XV
List 0f TaDIES .....o.ooieie ettt Xix
List of Abbreviations ..............ccccooiiiiiiii e XXiii
List 0f SYMDBOIS .......c.ooiiiiiiiiiicceeee et e sra e e aeenens XXV
PREFACE ....c..ooiiiiiiiiiieeee ettt sttt ettt et e XXVil
Chapter 1 : INtroduction ..............c.coooiiiiiiiiiiiie e e s eeserae e 1
L1 IMIOTIVATION .ttt ettt et ettt et e et e e eeeeaeeenteeseeeneeenteenneens 1
1.2, BACKGIOUNG ..ottt et ebeeeaeeeaseenbeens 2
1.3, ThesiS ODJECHIVES. ..cuviiiiiieciieeiiieeite et e ere e et eesreestteessseeetbeessseeessseesssseessseeanssens 6
1.4, OUtling 0f the ThESIS....ccuvieciiiiiiee ettt e et e e e e sab e e e treesareeeneneas 7
1.5. Contributions t0 the TRESIS ........ecuerieriirieiesieiee e 9
Chapter 2 : Theoretical Background ..................ccccoeiveiiiiiiiiiie e 11
2.1, INETOAUCLION ..ttt sttt esaeenes 11
2.2. Daubechies Complex Wavelet Transform ...........ccccoevveevieeiieciienieesieeie e 14
2.2.1. Construction of Daubechies Complex Wavelet ..........cccoeevvevieeiieiieciienenne. 14
2.2.2. Advantages of Daubechies Complex Wavelet Transform ............ccccceevuenne 15
2.2.3. Properties of Daubechies Complex Wavelet Transform..........c.ccoccevceeiennene 16
2.3. Literature Survey of Moving Object Segmentation............cccceevivereeevrerveenneenne. 19
2.4. Literature Survey of Activity Recognition Methods...........ccoocvevivenieniieniiennnnne, 22
2.5. Performance IMEASUIES .........c.evueeieruieienieeiienieeiesieete st ete sttt ettt seeeaeenaeenee 25
2.6, CONCIUSIONS .....eeeniieiieeiie ettt ettt ettt e st e steeenseesseeeseeenseenseesseeesseenseenseennns 30
Chapter 3 : Improved Approximate Median Filter Based Method for Moving
ODbject SegMENtALION............cccveiiiiiiiiiiieiec et eete e e reeeereeesraeenes 31
3.1 INErOAUCTION .ttt ettt et sb e naeeneas 32
3.2. Review of Moving Object Segmentation Methods..........ccceecvvveiiivieniiiiieieenen. 33
3.2.1. Moving Object Segmentation Methods Based on Motion-Information........ 34

3.2.2. Moving Object Segmentation Methods Based on Motion and Spatial
INTOTMALION ...ttt et e e e e tr e e s e e e treessaae e sabeeestaeessnaeas 35

X1



3.2.3. Moving Object Segmentation Methods Based on Learning.......................... 37

3.2.4. Moving Object Segmentation Methods Based on Change Detection............ 39
3.3. An Improved Approximation Median Filter Based Approach in Complex
Wavelet Domain: The Proposed Method ...........coocovvciieiiiiieiiieiieeee e 52
3.4. Experimental Results and Comparative Studies...........cocceveieiienienireiieiieee 60

3.4.1. Dataset DeSCIIPtiON .......cc.eiiiriiiirieeierie et 60

3.4.2. Performance MEaSUIES.........coeeueruieiiniirienieeienieet ettt 61

3.4.3. Results & Comparative StUAIs ........ccoverieriieiieiiere e 62
3.5, CONCIUSIONS ..enviiiiiieiieieeit ettt ettt ettt sttt sttt et sbe e sae s 67

Chapter 4 : A Framework for Dynamic Background Modeling and Shadow

SUPPIESSION ..ottt et te et e st e et te e te e e sbee s tseesnbeeesnseesseeesnseeas 95
4.1, INEOAUCTION ..ttt ettt ettt sbe e 95
4.2, Related WOTKS ...ccvieiieiieiie ettt ene 97
4.3. Method and MOdEIS ........cccuieiieiiieiiecieee et 102

4.3.1. Dynamic Background Modelling and Shadow Suppression using Improved
Gaussian Mixture Modeling and HSV (Hue, saturation and value) Color Model. 103

4.3.2. Dynamic Background Modelling and Shadow Suppression in Case of

Dynamic Water Background.............coooiiiiiiiiiiiii e 131
4.4, CONCIUSIONS ...ontiiiiiiiiiete ettt ettt ettt ettt et sbe st enaesaeennens 149
Chapter 5 : Multi-View Human Activity Recognition System Based on Spatio-
Temporal Template..............ccoooiiiiiiii e 153
5.1 INErOAUCTION ..ottt et st 153
5.2. Motion History Images (MHI) ........cccooiiiiiiiiiiee e 158
5.3. The Proposed Method..........cccooiieiiiiiiiiiece et 158
53,1, INPUL VIACO 1.ttt et seee e 159
5.3, PIOPTOCESSIIIEZ c.uveiiiieniieiieeiie et et ee st et e et et e e e teenbe e seeeneeenseenseesneeeneeenseenns 160
5.3.3. Background Subtraction..........ccceeeieeiiieiiieniieeie et 160
5.3.4. Activity Template Creation: ........cccceeceeereerienieeeeeeree e 163
5.3.5. Template Matching and Activity Recognition............ccceeeeeiieiienieninenne. 165
5.4. Experimental ReSUltS .......ccoooiiiiiiiiiii e 167
5.5. CONCIUSIONS «..euvtiniiiiiiiiiiteie ettt ettt ettt ettt ettt st s ae e ennen 191
Chapter 6 : Multi-View Human Activity Recognition Based on Multiple Features
....................................................................................................................................... 193
6. 1. INtrOAUCTION: ..ottt ettt 193
6.2. Methods and MOdEIS .......cc.coiiiiiiiiiiiiiiieeee e 197
6.2, 1. Pre-PrOCESSINEZ. . ueieiieiieiie et ecieeeteeie ettt e ste et e et e seeeseteeseeseeseeesnseeseenseans 199
6.2.2. Multi-view Features EXtraction .........cccccoceeieriniininiinenicnieeicnceeeceee 202



6.2.3. Classifier Training and TeStING .......cccceeoiieiienieeir e 207

6.3. Results, Analysis and DiSCUSSIONS .....c.veevviieriieerieeiiieesieeeireesreeesereesneeeseneeans 208
6.4, CONCIUSIONS ...ttt ettt et et e et e et e st e eneeeneeeneesneeeneeenee 231
Chapter 7 : Conclusion and Future Work..............c.ccoooeeeviiiiiiiiiiiiece e, 233
7.1, CONCIUSIONS ...ttt ettt ettt et e et e e st e eateenseeseeeneeeneeenee 233
7.2. Suggestions for Future Research............ccccooovieciiiiiiiiiiiceece e 236
REFEIEICES ...ttt et ettt ettt 239
List of Papers Published /Presented /Communicated ..................ccccoocvvrrirrenneennne 255

Copies of the manuscripts /Reprint of the papers Published /Presented
JCOMMUNECATEM .......oeeiiiiiiiiiiiiiiceit ettt 259

Xiii



