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The high increase of data demands requires searching for a new techniques of data 

transmission. Visible Light Communication (VLC) is one of the solutions that can be used in 

the nearest future because of its great advantages. However; it suffers from some challenges. 

One of these challenges is Limited LED bandwidth. This can be solved either by making 

frequency reuse to be one or fair resource allocation among distributed users. In this thesis, 

these two points have been discussed and simulated using diversity techniques i.e.; Angular 

Diversity Receiver (ADR), and Angular Diversity Transmitter (ADT). The first part is 

making frequency reuse and solve Co-channel interference (CCI) problem which acceptable 

Bit-error rate at different scenarios. The second part is on making resource allocation 

optimization using two search algorithms (exhaustive and heuristic search algorithm) that 

maximize the minimum Signal to Interference Noise Ratio(SINR). Both algorithms achieve 

superior performance. However heuristic algorithm achieves very low complexity comparing 

others.



i 
 

Disclaimer 
 

I hereby declare that this thesis is my original work and that no part of it has been submitted for a 

degree qualification at any other university or institute. 

I further declare that I have appropriately acknowledged all sources used and have cited them in 

the references section. 

   

Name: Mona Elsayed Hosney Ibrahim    Date:  

  

Signature:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 



ii 
 

ACKNOWLEDGMENT 
 

First of All, I need to thank and praise Allah Subhana Wa Tallah who granted me the health and 

the knowledge to finish this work. 

 

Secondly, I would like to express my deepest gratitude to my supervisors Prof. Dr/ Khaled Fouad, 

and Dr. Hossam selmy for their continuous support, extreme patience, valuable guidance, and 

encouragement that led to complete this work. 

 

Also, Special thanks to Dr. Hoda Boghdady, and Dr. Ashraf Abd Elhak, Professor of transmission 

department at National Telecommunication Institute, for their encouragement and valuable help 

offered in many ways. 

 

Finally, I would like to send special thanks to my Mom, my Dad, my lovely husband “Ahmed 

Saeed”, my brother "Mostafa Saeed", and all of my family for their kind understanding, 

encouragement, and patience during the time devoted to this thesis.  

 

  Mona Hosney 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



iii 
 

Table of Contents 

Disclaimer ............................................................................................................................................................... i 

ACKNOWLEDGMENT .............................................................................................................................................. ii 

Table of Contents .................................................................................................................................................. iii 

List of Figures ......................................................................................................................................................... v 

List of Tables ......................................................................................................................................................... vi 

NOMENCLATURE .................................................................................................................................................. vii 

ABBREVIATIONS ..................................................................................................................................................... x 

ABSTRACT ............................................................................................................................................................ xii 

1 Introduction .................................................................................................................................................. 1 

1.1 Introduction ................................................................................................................................................ 1 

1.2 Visible Light Communication ...................................................................................................................... 1 

1.3 History of VLC ............................................................................................................................................. 3 

1.4 VLC Advantages .......................................................................................................................................... 3 

1.5 VLC General Block Diagram ........................................................................................................................ 4 

1.6 VLC Applications ......................................................................................................................................... 5 

1.7 VLC Challenges and Solutions ..................................................................................................................... 6 

1.8 Thesis Structure ........................................................................................................................................ 11 

2 VLC MIMO System ....................................................................................................................................... 13 

2.1 Introduction .............................................................................................................................................. 13 

2.2 VLC System Model .................................................................................................................................... 13 

2.3 MIMO VLC Channel Model ....................................................................................................................... 14 

2.4 ADR Receiver Description ......................................................................................................................... 16 

3 Proposed Interference Mitigation Scheme ................................................................................................... 19 

3.1 Introduction .............................................................................................................................................. 19 

3.2 Proposed CCI mitigation scheme .............................................................................................................. 19 

3.3 Performance Evaluation ........................................................................................................................... 26 

3.4 Simulation Parameters ............................................................................................................................. 26 

3.5 Optimization of Tilt Angle ......................................................................................................................... 27 

3.6 Number of downlink VLC channels ........................................................................................................... 32 

3.7 BER Performance ...................................................................................................................................... 32 



iv 
 

3.8 Comparison with Time Division Multiple Access (TDMA) ........................................................................ 39 

3.9 Conclusion ................................................................................................................................................ 41 

4 Resource Allocation Optimization System .................................................................................................... 42 

4.1 Introduction .............................................................................................................................................. 42 

4.2 Multi-user Downlink VLC system Model .................................................................................................. 42 

4.3 Interference management with resource allocation optimization .......................................................... 46 

4.4 Simulation Results .................................................................................................................................... 53 

4.5 Conclusion ................................................................................................................................................ 63 

5 Conclusion and Future Work ....................................................................................................................... 64 

5.1 Introduction .............................................................................................................................................. 64 

5.2 Conclusions ............................................................................................................................................... 64 

5.3 Future Works ............................................................................................................................................ 65 

LIST OF PUBLICATIONS ......................................................................................................................................... 66 

References ........................................................................................................................................................... 67 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



v 
 

List of Figures 
 

Figure 1-1: Annual internet report forecast [1] ......................................................................... 2 
Figure 1-2: VLC frequency spectrum ......................................................................................... 2 

Figure 1-3: General VLC block diagram.................................................................................... 4 
Figure 1-4: VLC traffic and vehicular application .................................................................... 5 
Figure 1-5: VLC in airplane cabins ............................................................................................. 6 
Figure 1-6 FOV alignment and NLOS reflections ..................................................................... 7 
Figure 1-7 The structure of the proposed angle-aided mirror diversity receiver (AMDR) 

[17] .................................................................................................................................................. 9 
Figure 1-8 ADR with 5 PDs with their normal vectors [18] ...................................................... 9 
Figure 2-1: Illustration of the proposed VLC system .............................................................. 13 

Figure 2-2: MIMO VLC LOS downlink channel model. ........................................................ 15 
Figure 2-3: MIMO VLC NLOS downlink channel model. ..................................................... 15 
Figure 2-4 The top view of an ADR receiver for Nr=4 at γR=0 ............................................... 17 

Figure 2-5 The proposed receiver with 4 PDs and their normal vectors. .............................. 18 
Figure 2-6 Detailed ADR parameters ....................................................................................... 18 
Figure 3-1: MIMO VLC system. ............................................................................................... 20 

Figure 3-2: Room architecture. ................................................................................................. 27 
Figure 3-3: Different evaluation positions. ............................................................................... 28 

Figure 3-4: Optimum FOV angle versus ADR’s tilt angle ...................................................... 29 

Figure 3-5: BER versus r  for receiver positions 1 and 2 at different tilt angles. ................ 30 

Figure 3-6: BER versus r  for receiver positions 3 and 4 at different tilt angles. ................ 31 
Figure 3-7: Number of resolved LOS signals using IM-CFOV-CE scheme through the room 

at 𝝍𝒐𝒑𝒕 = 𝟑𝟏𝒐, 𝜸𝒓 = 𝟎𝒐, 𝜹𝒕𝒊𝒍𝒕 = 𝟑𝟎𝒐 and 𝒛𝒓 = 𝟎. 𝟖𝒎. Green, red, blue and black colors 

indicate four, three, two, and one receiving signals, respectively. .......................................... 32 
Figure 3-8: BER performance at ADR positions 1 and 2  with different heights. ................ 34 
Figure 3-9: BER performance at ADR positions 3 and 4  with different heights. ................ 35 

Figure 3-10: BER performance for positions 1 and 2 at different rotation angles. .............. 38 
Figure 3-11: BER performance for positions 3 and 4 at different rotation angles. .............. 39 
Figure 3-12: Comparison between IM-CFOV-ADR and TDMA schemes. ........................... 40 

Figure 3-13: BER Comparison between IM-CFOV-ADR and TDMA in position 1. ........... 41 
Figure 4-1 Room design .............................................................................................................. 43 
Figure 4-2 Downlink VLC channel model ................................................................................ 45 
Figure 4-3: Downlink VLC channel model (a) LOS (b) NLOS. ............................................. 45 
Figure 4-4 Exhaustive search flow chart .................................................................................. 49 

Figure 4-5 Heuristic algorithm flow chart ................................................................................ 53 

Figure 4-6 The average and the minimum SINR performance versus FOV angle of the PD 

for RAO and ST schemes. The semi-angle of the LED Φ1/2 = 45o. ......................................... 56 
Figure 4-7 The average and the minimum SINR performance versus FOV angle of the PD 

for RAO and ST schemes. The semi-angle of the LED Φ1/2 = 60o. ......................................... 56 
Figure 4-8 The average and the minimum SINR performance versus the semi-half angle of 

the ADT’s LED for RAO and ST schemes. The FOV angle of the PD ψ = 45o. .................... 57 
Figure 4-10: The SINR performance of each user with RAO and ST schemes at the two 

scenarios, The FOV angle of the PD 𝝍 = 𝟒𝟓𝒐 and LED’s semi-half angle 𝜱𝟏/𝟐 = 𝟒𝟓𝒐. .. 59 

file:///C:/Users/monah/Downloads/new-thesisv0.4%20-%20Copy.docx%23_Toc64056851
file:///C:/Users/monah/Downloads/new-thesisv0.4%20-%20Copy.docx%23_Toc64056854
file:///C:/Users/monah/Downloads/new-thesisv0.4%20-%20Copy.docx%23_Toc64056855
file:///C:/Users/monah/Downloads/new-thesisv0.4%20-%20Copy.docx%23_Toc64056855
file:///C:/Users/monah/Downloads/new-thesisv0.4%20-%20Copy.docx%23_Toc64056856
file:///C:/Users/monah/Downloads/new-thesisv0.4%20-%20Copy.docx%23_Toc64056860
file:///C:/Users/monah/Downloads/new-thesisv0.4%20-%20Copy.docx%23_Toc64056861
file:///C:/Users/monah/Downloads/new-thesisv0.4%20-%20Copy.docx%23_Toc64056876
file:///C:/Users/monah/Downloads/new-thesisv0.4%20-%20Copy.docx%23_Toc64056881
file:///C:/Users/monah/Downloads/new-thesisv0.4%20-%20Copy.docx%23_Toc64056881
file:///C:/Users/monah/Downloads/new-thesisv0.4%20-%20Copy.docx%23_Toc64056882
file:///C:/Users/monah/Downloads/new-thesisv0.4%20-%20Copy.docx%23_Toc64056882
file:///C:/Users/monah/Downloads/new-thesisv0.4%20-%20Copy.docx%23_Toc64056883
file:///C:/Users/monah/Downloads/new-thesisv0.4%20-%20Copy.docx%23_Toc64056883


vi 
 

Figure 4-11: The SINR performance of each user with RAO and ST schemes at the two 

scenarios, The FOV angle of the PD ψ = 45o and LED’s semi-half angle Φ1/2 = 60o. ............ 59 

Figure 4-12: The SINR performance of each user with RAO and ST schemes at the two 

scenarios, The FOV angle of the PD ψ = 60o and LED’s semi-half angle Φ1/2 = 45o. ............ 59 
Figure 4-13: The SINR performance of each user with RAO and ST schemes at the two 

scenarios, The FOV angle of the PD ψ = 60o and LED’s semi-half angle Φ1/2 = 60o. ............ 60 
Figure 4-14: The SINR performance of each user with RAO using an optimal and 

suboptimal algorithm, The FOV angle of the PD 𝝍 = 𝟒𝟓𝒐 and LED’s semi-half angle 

𝜱𝟏/𝟐 = 𝟒𝟓𝒐. ............................................................................................................................... 62 

Figure 4-15: The SINR performance of each user with RAO using an optimal and 

suboptimal algorithm, The FOV angle of the PD 𝝍 = 𝟒𝟓𝒐 and LED’s semi-half angle 

𝜱𝟏/𝟐 = 𝟔𝟎𝒐. ............................................................................................................................... 62 

Figure 4-16: The SINR performance of each user with RAO using an optimal and 

suboptimal algorithm, The FOV angle of the PD 𝛙 = 𝟔𝟎𝐨 and LED’s semi-half angle 

𝚽𝟏/𝟐 = 𝟔𝟎𝐨. ............................................................................................................................... 62 

Figure 4-17: The SINR performance of each user with RAO using an optimal and 

suboptimal algorithm, The FOV angle of the PD 𝝍 = 𝟒𝟓𝒐 and LED’s semi-half angle 

𝜱𝟏/𝟐 = 𝟒𝟓𝒐. ............................................................................................................................... 62 

 
 
 

List of Tables 
 

Table 3-1 Simulation Parameters of Interference Mitigation System ................................... 28 
Table 4-1: Simulation Parameters of Resource Allocation System ........................................ 54 
Table 4-2: Number of Search Iterations in The Heuristic Search Algorithm ....................... 61 
 

 

 

 

 

 

 

 

 

 

 

 



vii 
 

NOMENCLATURE 
 

A 
Aalloc 
Ad 
a 

Total number of distinct sets 

Allocation matrix between each LED f of ADT’s j 

Photo-detector effective area 

Allocation element of the allocation matrix 

ā Binary allocation vector 

Ad Photo-detector active area 

Al Set of possible combinations of received LED indices  

Al* A selected set of LEDs indices  

Aopt Optimum Allocation matrix 

c Speed of light 

Cl Correlation Coefficient 

Dj Desired LED j 

dij 

djk 

dik 

F 

Distance from the LED j to the PD i 

 Distance from LED j to the center of reflecting element k 

Distance from center of reflecting element k to the PD i 

Total number of LEDs per ADT 

H(t) 
hij(t) 

Channel response matrix 

Sum of LOS and NLOS channel gain between LED j and PD i 

hij
los LOS channel response from the transmitted LED j to PD i 

hij Nlos NLOS channel response from the transmitted LED j to PD i 

hijf
los LOS channel response from the transmitted LED f of ADT j to PD i 

hijf Nlos NLOS channel response from the transmitted LED f of ADT j to PD i 

Ij Indicator o number of LOS received signals 

K Total number of reflected elements 

L Number of possible non-repeated sets  

Lx, Ly, Lz Length, width, and height of the room, respectively 

m 
M 
N 
N(t) 
ni(t) 

Order of Lambertian emission  

Total number of single PD 

Total number of ADTs 

AWGN matrix  

AWGN added to PD i 

𝑛̂i Normal vector with the PD 

Nlos Number of LOS signals 

Nr Total number of ADR’s PDs 

Nt Total number of LEDs 

Pj(t) 
Pq(t) 

OOK pilot training modulated sequence vector  

Pilot training bit 

Ps 

Pt 

 

Source optical power 
Transmitted Optical Power 

 



viii 
 

q Length of pilot signal 

Q Total number of all LEDs for all ADTs 

R Photo-detector responsivity 

r ADR / ADT circle radius 

R(φ) Lambertian radiant intensity 

Ŝl Estimated pilot pattern  

Ŝlmn Elements of matrix Ŝl 

Si(t) Received Pilot signal 

SINR Signal to interference noise ratio 

Smn Elements of matrix S 

Ts Sampling period 

X(t) 
xj(t) 
Xr,yr,zr 

Optical intensity-modulated signal matrix for all LEDs 

Optical intensity-modulated signal for LED j 

Coordinates of the center of the PD body 

X^
ML 

XPD
i,yPD

i,zPD
i 

xi,yi,zi 

Recovered transmitted signal 

Coordinates of ADR PDs 

Coordinates of Single PD 

Y(t) 
yi(t) 

Generated photo-current for all PDs 

Generated photo-current for PD i 

αjk 

αfjk 

The angle of incidence at reflecting element k with respect to LED j 

The angle of incidence at reflecting element k with respect to LED f of ADT j 

βik 

γi 

γj
f 

Irradiance angle at reflecting element k with respect to PD i 

The azimuth of single PD i 

The azimuth of LED f for ADT j 

γPD PD azimuth angle 

γR Whole receiver horizontal orientations angle 

ΔA 
δi 

Reflection element area 

Elevation of single PD 

δi
PD 

δj
f 

The total elevation angle of the ADR 

Elevation of LED f for ADT j 

δr ADR tilting angle 

δtilt ADR's PDs tilting angle 

ϵ(H) Sum of square error for channel estimation   

θij 

θijf 

The incident angle at PD i with respect to LED transmitter j 

The incident angle at PD i with respect to LED transmitter f of ADT j 

θik The incident angle at PD i with respect to reflecting element k 

ρ Reflection Coefficient 

σn
2 Noise variance 

σ2
sh Shot noise 

σ2
th Thermal noise 

Φ Angle of emission 

φ1/2 Semi half-angle  

Φij The angle of irradiance at the LED transmitter j to PD i 


