Table of Contents

Table of Contents

List of figures Xix
List of tables XXvii
Chapter 1. Introduction 1
00 A [ W e Yo [ U ot 1 o o F PPV PSR UUPRUPRUPRRPO 2
1.1.1 Applications for videoconference.........cccoeeeeeveeeiecciiee e e 9
110101 CU-SEE M. ettt esaeaenees 9
1.1.1.2  Facebook (MESSENEEI) .....ceeecuiieeeiieeeeetiie ettt e eetee et e eevae e e 10
1.1.1.3  FACETIME ittt 10
0 00 0 S C o Yo T =4 [N B 10T USSR 10
11015 TCQ ciiiiieieeniie sttt s s 10
0 001 Y ST 1| Y P PP PP P PTTUOPPPPPPTON 11
110007 LINE i 11
L1 0.8 SKY Pttt e e e e e e e e e r e e e e e arbraaaeaaeean 11
0 S T o> G PP PP PP UOPPPPPPTO 11
11000000 VDI i e e 11
0 0 0t B R VY= PP PP UOPPRPPPTO 12
10,102 WhatSappeeeceeeereeeriee ettt esiteesiee ettt sireesbeessneeesareesabeesbeeesareesabeeenns 12
1.2.1.13 0 WEChAT ittt s s 12

xiii




L1014 WIME ettt s 12

1.1.1.15  YAhOO! MESSENEEN ....eeieciveeeeciieeeectieeeesttee e eetee e e svtee e e e vre e e senaaeeeeanes 13
1.1.2 SDN applications for multimedia delivery. .......cccoovveeeiieicccinennn.n. 16
1.1.3 Precedents of videoconference.......c.cceceeveeneeneeneeneeneeseeneeen, 19
1.2 Objectives and mMotivation.......cccceevecciiiiiii i 21
1.3 PreCeAeNtS.....ei ittt 22
1.4 THeSiS SErUCTUIE ..ooiiiiiiie et 23

Chapter 2. State of the Art of the improvement of the QoE in the

transmission of video and the videocomunication 25
2.1 INErOAUCION .eouiiiiieiicceccee et e e s 26
2.2 Tests to measure the quality of the video received. .........cccccovvveeeiieenns 26
2.3 Systems for the improvement of the QoE in IPTV Transmission............. 27
2.4 Video Compression COUECS. ....covvrirrrrireiiiiiiiireeeeeessciirreeee e e e ssnrnneeeesesnnns 29

2.5 Systems for the improvement of the QoE for the Transmission

of Video in Heterogeneous Networks using HTMLS...........cccccvvvveeennnn. 34
2.6 Video Codecs to use in natural environments ........c.cccocevveervieceeneennens 38
2.7 SDN for multimedia delivery. .....ccccviiiiii i 43
2.8 Systems for the improvement of QoE in videoconference. .................... 46
2.9 CONCIUSION creiiiiiiiieeiicce ettt st 48

Chapter 3. Design of an architecture to improve the QoE of the
video received by the end user 49

I 0 A 10 ¥ o Yo [¥ ot 4 [0 o FR TR 50

3.2 Architecture proposal to improve the QoE of the video
received by the end USer..........eevveii it 53

3.2.1 (o] o Yolo] I o] gl |2 IV 2 59

xiv




Table of Contents

3.2.2 Protocol for Heterogeneous Networks using HTMLGS..................... 62
3.2.3 Selection of the best compression codec depending on the
ENVIFONMENT...ciiitiiee i e e e e s e e e s ee e e samreeeesane 67
3.2.3.1  Algorithm proposal.....c..ceeeeeieicciiiieeie e 67
3.2.3.2  Protocol Proposal ....c.eeeecciiieiiiiee e 69
3.24 Selection of the best autonomous video compression system for
environmental MONItOMING ......ciivciiii i 71
3.2.4.1  Video analysis and extraction of predominant color ..................... 71
3.2.4.2  Network operation algorithm..........ccoceerviiiiiiiniiiieec e 74
3.2.4.3  Decision algorithm......ccceiiiiiiiieie e 76
3.3 CONCIUSION 1.ttt ettt ettt ettt s b e sbe e eneeesanes 78
Chapter 4. Optimization of architecture for videoconferencing 79
4.1 INTrOAUCTION ..eeiiiiiiie et 80
4.2 Architecture proposal for videoconference .......cccccceeeecciiieeeeeeccccivnennn. 80
4.3 SYSEEM PrOCESS ...ovviiiiiiiiiiiiiiiece ittt 84
4.4 Finite State Machine......cooceiiiiiiiiiee e 86
4.5 Protocol proposal for videoconference.........cocveeeveeenieenieeniecnsieeenieene 89
4.6 CONCIUSION vttt e st 96
Chapter 5. Performance Test 97
LT A 12 e Yo ¥ ot o o ISP 98
5.2 Multimedia over SDN .......coooiiiiiiiiiee et 98
5.2.1 Devices and eqUIPMENT ......cuveeii i 99
5.2.2 N o] 80V [l U Y=Y RSN 100
5.2.3 Video and multimedia streaming characteristics........cccccceeveennnns 100
5.2.4 [ a1V Tor-1 I o] o o] Lo -V NSRRI 101



5.2.5 SDN emulator: MiNiN@t.......coi it 102

5.2.6 Measurements and diSCUSSION .....cc.cevveereereeriieriienieeieeeeieeieens 105
5.2.6.1 BandWidth......coocuiiiiiiiie e 105
5.2.6.2  Bandwidth consumed in topology 1......ccccovvrieiiiriiiiiieeeee e, 105
5.2.6.3  Bandwidth consumed in topology 2.....ccccvveeviiieieecier e 106
5.2.6.4  Bandwidth consumed in topology 3......ccccovrrieiiiiiiiiieeee e, 108
5.2.6.5 B L] - 1Y PSP 111
5.2.6.6  Delay in topology L. 111
5.2.6.7  Delay in topology 2 .....uuveeeeiiieiiieeee et 112
5.2.6.8  Delay topology 3 ...t 114
5.2.6.9 SO e 117
5.2.6.10 Jitter in topology 1.....cceeeei it 117
5.2.6.11 Jitter in topology 2......ueii ettt 118
5.2.6.12 Jitter in topology 3.......uriiiie e 120
5.3 QoS and QoE performance test in IPTV video transmission ................. 123
5.3.1 Codification PhaSE .....cccvieeeeciiee e 125
5.3.2 TransmMissioN PRASE ....ueieeiiieeeiiee e 126
5.3.3 Evaluation of results phase........cccceeeecieeiccciee e 126
5.3.4 Phase of evaluation of the video quality........ccccceeevciieeiicienenne, 129

5.4 QoS and QoE performance test in video transmission using

logical NETWOIKS iN IPTV ....uuiiiiiiiiicccteee e e 131
5.4.1 Physical and logical topology.......cccovvveeeeiiecciiieeee e 132
5.4.2 Cases of study and experimentation ...........cccceeeecveeeecieeecccneeeenn, 133
5421 Base Line Study in Wired / Wireless Video Delivery .................... 134

5.4.2.2  Study of the Internal Network Parameters and the Transmission
Effects 138



Table of Contents

5.4.3 RESUIt ANAIYSIS ..vviieeeeeeciiieeee ettt e e e e e e eeneees 141
5.5 Performance test of IP Video Delivery for mobile devices.................... 144
55.1 Devices and video characteristicS........ccvvereerveeriercenieeeesieeniens 145
5.5.2 RESUIES ..ttt ettt et e s 147
5.5.2.1  ResuUlts for l[aptops ....ccceeeeiiieeeeiiee et 147
5.5.2.2  Results for mobile devices.........ccooueeniiinieeniiiiniieieeec e, 149
5.53 DISCUSSION 1.ttt 150

5.6 Performance test of IP Video Delivery for Heterogeneous

Networks Using HTMLS ....coocuviiiiiies et 151

5.6.1 Description of the test bench.........ccccoveiiiii i, 151
5.6.2 Experimental process description ........ccccecveeeivivieeencien e 154
5.6.2.1 Identify the parameters to analyze ........cccccceeeecieeeecciee e, 154
5.6.2.2 Testthe encoding time ....ccceeeiiiiiiiiiiee e 154
5.6.2.3  Study the compression ratio .......ccccceevevveciiiieee e, 155
5.6.2.4  Parameters needed for transcoding.........cccceceevcvveeeeeiieeeccieee e, 155
5.6.3 Experimental resultS......ccoueeie i 156
5.7 Test for choosing the Best Video Compression Codec......cccccvvevernneenn. 159
5.8 Selection of Codecs in video surveillance........c.cccccceeienienienecneeneenne 167
5.8.1 Test bench and ReSUILS ......cuevriiiiiiiiiiieec e 167

5.9 Performance test of autonomous video compression system

for environmental MoNnitoring ........ccceeeveeieeciiiee e, 173
5.9.1 Considerations related to codec compatibility.......cccccoveeeecienens 175
5.9.2 Test bench and RESUILS ......c.eeerviiiiiiiieeieceeceee e 176
5.9.2.1  ResUlts Of FFMPEEG.....cueii ittt e 176
5.9.2.2  Network performace results ........cccccoveriviieeeiiiieeeccee e 180
5.9.2.3  Consumed bandwidth ..........ccocviiiiiiiine, 180

XVii



5.9.2.4  Results of delay......ccccuuiiiiriiiicceee e 182
5.9.2.5  ReSUItS Of JILLEr wuuvviiiiieiecee e 185
5.9.2.6  Results of packet 0SS .....cceveeeieciiiiiiee e 188
5.9.2.7  Subjective perception.....cccccueeciiieeeei e 189
5.10 Performance test in videoconference applications..........ccccceeeennnnnenn. 191
5.10.1 Results obtained when using Adobe Connect (WiFi) .........cc........ 192
5.10.2 Results obtained when using Adobe Connect (3G / 4G) .............. 193
5.10.3 Results obtained when using Cisco Webex (WiFi).......cccccecvveennnns 194
5.10.4 Results obtained when using Cisco Webex (3G/4G) .................... 194
5.10.5 Results obtained when using Skype (WiFi).....cccccvveeiivieeiicieeeens 195
5.10.6 Results obtained when using Skype (3G/4G) ......coovveeeeeecvreenens 196
5.10.7 Comparative of Cisco Webex vs Adobe Connect in terms of sent
[OF: [ (] YRR 196
5.11 Performance Test of the developed application........ccccceeevcvveeiinnenn. 197
5.111 SCENANIO L ooiiiiiiiiee e 198
5.11.2 SCONAMO 2 ettt b re e e e e reeeeeaeaees 199
5.11.3 Y ol=T g T o Lo 1 S PP PRIN 200
Chapter 6. Conclusions and future work 203
6.1 INTrOdUCTION .ccuiiiiiiieee e 204
6.2 CONCIUSION ..ottt 204
6.3 FULUre RESEAICN.....eiiiiiieee et s 208
6.4 Publications derived from the PhD Thesis........ccceeoierieerierrieeenieennennn 209
References 215

xviii






