
Contents 
CONTENTS .............................................................................................................................. VI 

LIST OF FIGURES ................................................................................................................... VIII 

LIST OF TABLES ....................................................................................................................... XI 

LIST OF ACRONYMS .............................................................................................................. XII 

ABSTRACT .............................................................................................................................. XV 

RESUMEN ............................................................................................................................. XVII 

RESUM ................................................................................................................................... XIX 

CHAPTER 1. INTRODUCTION .................................................................................................. 1 

1.1. AN OVERVIEW OF VISIBLE LIGHT COMMUNICATIONS ................................................................................................ 1 
1.2. MOTIVATION OF THIS THESIS ....................................................................................................................................... 5 

1.3. OBJECTIVES ................................................................................................................................................................... 6 

1.4. THESIS STRUCTURE ...................................................................................................................................................... 7 
 

CHAPTER 2. FUNDAMENTALS OF INDOOR OPTICAL WIRELESS COMMUNICATION 

SYSTEMS .................................................................................................................................... 8 

2.1. EVOLUTION OF VISIBLE LIGHT COMMUNICATION SYSTEMS ...................................................................................... 8 
2.2. ARCHITECTURE OF VISIBLE LIGHT COMMUNICATION SYSTEMS ................................................................................ 9 
2.3. LED-BASED TRANSMITTERS IN VLC SYSTEMS ........................................................................................................ 10 

2.4. OPTICAL RECEIVERS IN VLC SYSTEMS ...................................................................................................................... 12 
2.5. TYPES OF PROPAGATION LINKS ................................................................................................................................. 13 
2.6. MODULATION SCHEMES FOR VLC SIGNALS ........................................................................................................... 15 

2.6.1. DCO-OFDM system ..................................................................................................................................... 16 
2.6.2. ACO-OFDM signals ..................................................................................................................................... 17 

2.6.2. Unipolar Flip-OFDM signals  ................................................................................................................... 18 

2.7. VLC VISION IN NEXT GENERATION OPTICAL WIRELESS COMMUNICATIONS ........................................................ 20 
2.7.1. VLC market status ........................................................................................................................................ 22 
2.7.2. Roadmap of VLC systems for 6G services .......................................................................................... 24 
2.7.3. VLC future challenges ................................................................................................................................ 25 

2.8. CONCLUSIONS ............................................................................................................................................................ 27 

CHAPTER 3. FUNDAMENTALS OF FBMC-OQAM MODULATION SYSTEMS ...................... 28 

3.1. FUTURE CANDIDATE MODULATION-WAVEFORMS .................................................................................................. 28 
3.2. FBMC BASED TRANSMULTIPLEXER ARCHITECTURE. ............................................................................................... 30 
3.3. SYNTHESIS AND ANALYSIS FILTER BANKS ................................................................................................................. 31 
3.4. CHANNEL ESTIMATION IN FBMC-OQAM ............................................................................................................ 36 
3.5. IMAGINARY INTERFERENCE WITH IAM SEQUENCE   ............................................................................................... 37 
3.6. PROTOTYPE FILTER DESIGN ........................................................................................................................................ 39 
3.7. CONCLUSIONS ............................................................................................................................................................ 42 

CHAPTER 4. ANALYSIS OF A TRUNCATED AND NON-SHORTENING FLIP-FBMC 

MODELS OVER INDOOR LOS AND MULTIPATH PROPAGATION-LINKS ........................... 43 

4.1. FLIPPING-BASED FBMC MODULATION ................................................................................................................... 44 
4.2. FLIP-FBMC BASED TMUX CONFIGURATION. ........................................................................................................ 44 



4.3. ANALYSIS OF THE OPTICAL FBMC STRUCTURE BASED ON FLIPPING TECHNIQUE OVER A DIRECT INDOOR 

LOS VLC CHANNEL. .......................................................................................................................................................... 47 

4.4. ANALYSIS OF THE OVERHEAD TAILS BASED ON A HARD TRUNCATION PROCESS.. ............................................... 50 
4.5. ANALYSIS PERFORMANCE OF THE DETERMINISTIC STRUCTURE OF IAM PREAMBLE... ......................................... 55 
4.6. ANALYSIS OF FLIP-FBMC STRUCTURE BASED ON M×K FILTER LENGTH... .......................................................... 57 
4.7. THE VALUE OF FLIPPING TECHNIQUE WITH FBMC MODULATION COMPARED TO DCO-FBMC SYSTEM... .... 59 
4.8. THE FUNCTION OF MULTITAP EQUALIZATION TO MINIMIZE THE IMPLICATIONS OF IMI. ................................... 61 
4.9. CONCLUSIONS ............................................................................................................................................................ 65 

CHAPTER 5. ADVANCED TECHNIQUES FOR OPTICAL FBMC SIGNALS 

TRANSMISSION…… ............................................................................................................... 67 

5.1. ROLE OF PSEUDO PILOT-VALUES IN ENHANCING THE TRANSMISSION ACCURACY BASED ON THE IAM-C 

SEQUENCE. .......................................................................................................................................................................... 68 
5.2. ANALYSIS OF EXTENDED GAUSSIAN FUNCTION FILTER WITH FLIP-FBMC SIGNALS. .......................................... 70 
5.3. ANALYSIS PERFORMANCE OF INCREMENTING THE SPREADING FACTOR OVER SEVERAL CHANNEL DELAYS 

PROFILES. ............................................................................................................................................................................. 73 
5.4. ANALYSIS OF IAM PREAMBLE IN REALISTIC TRANSMISSION SCENARIO ............................................................... 77 

5.5. FLIP-FBMC SIGNALS WITH FRAME REPETITION MODEL. ....................................................................................... 79 
5.6. THE PERFORMANCE ANALYSIS OF FLIP-FBMC SIGNALS BASED ON FRAME REPETITION 

CHARACTERISTICS.. ............................................................................................................................................................. 84 
5.7. CONCLUSIONS ............................................................................................................................................................ 86 

CHAPTER 6. CONCLUSIONS AND FUTURE WORK ............................................................... 89 

6.1. CONCLUSIONS ............................................................................................................................................................ 89 
6.2. FUTURE WORK ............................................................................................................................................................ 91 

LIST OF PUBLICATIONS .......................................................................................................... 93 

JOURNALS .......................................................................................................................................................................... 93 
CONFERENCE PROCEEDINGS ........................................................................................................................................... 93 

REFERENCES ............................................................................................................................ 94 

 


