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ABSTRACT 

The continuous demand for more reliable wireless communication systems with extremely high 

data rates has accelerated various aspects of research topics to be able to meet future needs. One 

of the most crucial topics in the field of communication is free-space optics (also known as optical 

wireless communication). It is well-known that the performance of any optical wireless 

communication system is strongly influenced by the atmospheric conditions in a given 

environment. In foggy, rainy, and clear weather conditions, optical signals are known to be 

attenuated due to scattering. The received signal is diminished in the presence of snow, rain, or 

even haze. Rain and clear weather conditions will be the focus of this research as there is hardly 

snow or haze in South Africa, especially Durban since it is a subtropical region.  

In this research work, rain attenuation modelling and prediction will be done using an 

empirical method based on the relationship between the observed attenuation distribution and the 

related observed rain intensity distribution at a 30 second integration period. A disdrometer is used 

to obtain the rain intensity, and a power meter is used to log the received signal power level every 

30 seconds to evaluate the influence of rain on the signal transmitted. The International 

Telecommunication Union (ITU-R) recommends targeting for 99.99 % system availability; as a 

result, the rainfall rate (R0.01) in the research region must be estimated for 0.01 percent of the 

time. The rain intensity and raindrop size distribution (DSD) modelling is then performed from 

the empirical method, obtaining R0.01 for Durban for all months throughout the experiment 

period. Using the disdrometer diameter ranges, the spherical droplet assumption is used to estimate 

the scattering parameters for frequencies between 2 GHz and 1000 GHz.  

The relationship between the received signal level and the intensity of rain for a particular 

weather condition at a specific time is then obtained. Transceivers with a fixed length of 7 meters 

between them, due to shortage of material such as the fiber cables to link the transceivers to the 

computer for data monitoring and logging, and for accurate alignment, were used to conduct these 

experiments. This relationship is compared against the French model at a wavelength of 850 nm. 

The main results obtained from this work reveal that there are extremely high attenuation values 

compared to the French model, which thus calls for further investigation to provide the optimum 

model that can accurately predict these effects for reliable optical wireless communications in 

Durban, South Africa.  
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This work also determines the raindrop size (diameter) using the disdrometer. It is to be 

noted from the findings that the relationship between raindrop diameter and rain intensity is proven 

to be linear. Rain does have an effect on attenuating the received signal, however the results reveal 

that it does not have a significant effect. It can be observed from the measured attenuation that the 

attenuation was constant all over the link. As a result, it is reasonable to assume that the observed 

attenuation is less affected by rain intensity. This means that there's a high possibility of fog along 

with the rainfall. Indeed, according to this research, Durban has the lowest visibility of all the cities 

in South Africa, a factor that is closely linked to fogginess.  



viii 

Table of Contents 

PREFACE ................................................................................................................................................ i 

DEDICATIONS ...................................................................................................................................... ii 

DECLARATION 1: PLAGIARISM ....................................................................................................... iii 

DECLARATION 2: PUBLICATION ..................................................................................................... iv 

ACKNOWLEDGEMENTS ..................................................................................................................... v 

ABSTRACT ........................................................................................................................................... vi 

List of Figures ........................................................................................................................................ xi 

List of Tables ....................................................................................................................................... xiii 

CHAPTER 1 ....................................................................................................................................... 1 

GENERAL INTRODUCTION ................................................................................................................ 1 

1.1 FSO Brief Description .............................................................................................................. 1 

1.2 Background of FSO.................................................................................................................. 2 

1.3 Research Approach .................................................................................................................. 2 

1.4 Research Aims and Objectives ................................................................................................. 3 

1.5 Resources ................................................................................................................................. 3 

1.6 Contribution of the Dissertation ................................................................................................ 3 

1.7 Methodological Approach ........................................................................................................ 4 

1.8 Organization of the Dissertation ............................................................................................... 4 

CHAPTER 2 ........................................................................................................................................... 6 

LITERATURE REVIEW .................................................................................................................... 6 

2.1 Introduction ............................................................................................................................. 6 

2.2 Overview of OWC Technology ................................................................................................ 6 

2.3 Analysis of Existing Associated Work ...................................................................................... 7 

2.4 Features of OWC ................................................................................................................... 10 

2.5 Areas of Application .............................................................................................................. 11 

2.6 Eye Safety and Standards ....................................................................................................... 11 

2.7 OWC System ......................................................................................................................... 12 

2.7.1 The Transmitter .............................................................................................................. 12 

2.7.2 The Atmospheric Channel .............................................................................................. 13 

2.7.3 The Receiver .................................................................................................................. 13 

2.8 Atmosphere Layers ................................................................................................................ 14 

2.8.1 Satellite Orbits ................................................................................................................ 14 



ix 

2.8.2 Ionosphere ...................................................................................................................... 14 

2.8.3 Troposphere ................................................................................................................... 14 

2.9 Radio Frequency and Microwave Communication in the Troposphere .................................... 15 

2.10 Rainfall Microstructure and Mechanics .................................................................................. 17 

2.10.1 Rainfall Types ................................................................................................................ 17 

2.10.2 Rainfall Cells.................................................................................................................. 17 

2.10.3 Rainfall Intensity Physics ............................................................................................... 18 

2.11 Rainfall Measurement for Parameter Modelling...................................................................... 19 

2.12 Rain Intensity Distribution Models ......................................................................................... 21 

2.12.1 The ITU-R P.837 Rain Intensity Model .......................................................................... 22 

2.12.2 The Global Crane Rain Intensity Model .......................................................................... 23 

2.12.3 Moupfouma I and Moupfouma II rain rate Models .......................................................... 24 

2.12.4 Gamma Rainfall Rate Distribution Model ....................................................................... 25 

2.12.5 Lognormal Rainfall Rate Distribution Model .................................................................. 25 

2.13 Rainfall Attenuation Estimation and Prediction ...................................................................... 25 

2.13.1 Specific Attenuation Prediction ...................................................................................... 25 

2.13.2 Path Attenuation Prediction ............................................................................................ 26 

2.13.3 Path Reduction Factor and Rain Cell Effects ................................................................... 27 

2.14 Rainfall Effects in South African Areas .................................................................................. 28 

2.15 Chapter Summary .................................................................................................................. 29 

CHAPTER 3 ......................................................................................................................................... 30 

RESEARCH EQUIPMENT AND METHODOLOGY ........................................................................... 30 

3.1 Introduction ........................................................................................................................... 30 

3.2 Equipment for Fiber Optic to Electrical and Electrical to Fiber Optics Converters................... 30 

3.3 Overview of the Optical Power Meter .................................................................................... 32 

3.3.2 OPM Data Logger .......................................................................................................... 33 

3.4 Disdrometer Measurement Setup ............................................................................................ 34 

3.5 FSO Link Losses and Fade Margin ......................................................................................... 35 

3.6 Method .................................................................................................................................. 37 

3.7 Summary ............................................................................................................................... 37 

CHAPTER 4 ......................................................................................................................................... 38 



x 

RAIN INTENSITY AND RAIN DSD MODELING FOR DURBAN .................................................... 38 

4.1 Introduction ........................................................................................................................... 38 

4.2 Rain Intensity Modeling ......................................................................................................... 40 

4.2.1 Monthly Distribution ...................................................................................................... 41 

4.2.2 Seasonal Distribution ...................................................................................................... 43 

4.3 Rain DSD Modeling ............................................................................................................... 44 

4.4 Chapter Summary .................................................................................................................. 48 

CHAPTER 5 ......................................................................................................................................... 49 

RESULTS AND ANALYSIS ................................................................................................................ 49 

5.1 Introduction ................................................................................................................................. 49 

5.2 Time Series of Rain Intensity and Received Optical Power .......................................................... 50 

5.2.1 Maximum received optical signal on a clear day .................................................................... 50 

5.2.2 Time Series of Light Drizzle Days......................................................................................... 52 

5.2.3 Time Series of Rainy Days .................................................................................................... 55 

5.3 Attenuation ............................................................................................................................ 58 

5.4 Measurements Attenuation Results and Analysis .................................................................... 58 

5.4.1 Plots of Rain Intensity vs Raindrop Diameter ........................................................................ 58 

5.5 Rain Attenuation Modelling ................................................................................................... 64 

5.5.1 Obtaining Results ...................................................................................................................... 64 

5.5.2 Calculating Specific Attenuation ............................................................................................... 64 

5.5.3 Analysis of Monthly Rain Attenuation Prediction Models ......................................................... 64 

5.5.3.1 Plots of Attenuation and Specific Attenuation due to Rain .................................................. 64 

5.6 Comparison with Existing Models .......................................................................................... 71 

5.6.1 Plots of Attenuation and Specific Attenuation due to Rain with Comparison to French Model ... 72 

5.7 Summary ............................................................................................................................... 76 

CHAPTER 6 ......................................................................................................................................... 78 

CONCLUSION AND FUTURE WORKS ............................................................................................. 78 

6.1 Conclusions ........................................................................................................................... 78 

6.2 Future Works ......................................................................................................................... 79 

6.3 Summary of Study ................................................................................................................. 80 

References............................................................................................................................................. 82 

APPENDICES ...................................................................................................................................... 89 



xi 

List of Figures

Figure 1: Block diagram of a terrestrial OWCS [27] .............................................................................. 12 
Figure 2: The Line-of-Sight (LoS) link between the receiver and transmitter [37] .................................. 16 
Figure 3: Variation of rainfall in a typical EXCELL rainfall cell [41] ..................................................... 18 
Figure 4: ITU-R rain-rate model for different parts of the world [59] ..................................................... 22 
Figure 5: Global crane rain rate model for different parts of the world  [58] ........................................... 23 
Figure 6: Actual link distance and actual rainfall distance [58] ............................................................... 28 
Figure 7: Map showing South Africa region and the surrounding countries [73] ..................................... 28 
Figure 8: Current set up and equipment used for FSO link infrared signal level measurement Network .. 31 
Figure 9: Electric to Fiber Optic Convert OR Fiber Optic to Electrical Converter ................................... 31 
Figure 10: Transceiver Powering Box .................................................................................................... 31 
Figure 11: Transceivers Used and the link distance of 7 meters between them ........................................ 32 
Figure 12: Disdrometer Display ............................................................................................................. 34 
Figure 13: Disdrometer RD-80 block diagram [8] .................................................................................. 39 
Figure 14: Disdrometer RD-80 Schematic Diagram of configuration [8] ................................................ 39 
Figure 15: Rain Intensity profile for August 2019 .................................................................................. 41 
Figure 16: Rain Intensity profile for September 2019 ............................................................................. 41 
Figure 17: Rain Intensity profile for October 2019 ................................................................................. 42 
Figure 18: Rain Intensity profile for November 2019 ............................................................................. 42 
Figure 19: Rain Intensity profile for December 2019 ............................................................................. 42 
Figure 20: Rain Intensity profile for January 2020 ................................................................................. 43 
Figure 21: Seasonal Rain Intensity profile for period of experiment ....................................................... 44 
Figure 22: Rain DSD profile for winter season ....................................................................................... 45 
Figure 23: Rain DSD profile for spring season ....................................................................................... 45 
Figure 24: Rain DSD profile for summer season .................................................................................... 45 
Figure 25: Rain DSD profile for August 2019 ........................................................................................ 46 
Figure 26: Rain DSD profile for September 2019................................................................................... 46 
Figure 27: Rain DSD profile for October 2019 ....................................................................................... 46 
Figure 28: Rain DSD profile for November 2019 ................................................................................... 47 
Figure 29: Rain DSD profile for December 2019 ................................................................................... 47 
Figure 30: Rain DSD profile for January 2020 ....................................................................................... 47 
Figure 31: Average rainfall accumulation for Durban over the year 2019 [38] ........................................ 49 
Figure 32: Received Optical signal time series on the 1st of September 2019 .......................................... 51 
Figure 33: Rain Intensity and Received Optical signal time series for rain event on the 22nd of September 

2019 ...................................................................................................................................................... 52 
Figure 34: Rain Intensity and Received Optical signal time series for rain event on the 13th of September 

2019 ...................................................................................................................................................... 52 
Figure 35: Rain Intensity and Received Optical signal time series for rain event on the 4th of December 

2019 ...................................................................................................................................................... 53 
Figure 36: Rain Intensity and Received Optical signal time series for rain event on the 21st of December 

2019 ...................................................................................................................................................... 53 
Figure 37: Rain Intensity and Received Optical signal time series for rain event on the 28th of December 

2019 ...................................................................................................................................................... 54 



xii 

Figure 38: Rain Intensity and Received Optical signal time series for rain event on the 27th of January 

2020 ...................................................................................................................................................... 55 
Figure 39: Rain Intensity and Received Optical signal time series for rain event on the 10th November 

2019 ...................................................................................................................................................... 56 
Figure 40: Rain Intensity and Received Optical signal time series for rain event on the 10th of November 

2020 ...................................................................................................................................................... 56 
Figure 41: Rain Intensity and Received Optical signal time series for rain event on the 12th November 

2019 ...................................................................................................................................................... 57 
Figure 42: Rain Intensity and Received Optical signal time series for rain event on the 12th of November 

2020 ...................................................................................................................................................... 57 
Figure 43: Rain Intensity vs Raindrop Diameter for measurements taken on the 13th of September 2019 62 
Figure 44: Rain Intensity vs Raindrop Diameter for measurements taken on the 22nd of September 2019 62 
Figure 45: Rain Intensity vs Raindrop Diameter for measurements taken on the 10th of November 2019 63 
Figure 46: Specific Attenuation & Attenuation vs. Rain Intensity plot for August 2019 .......................... 66 
Figure 47: Specific Attenuation & Attenuation vs. Rain Intensity plot for September 2019 .................... 66 
Figure 48: Specific Attenuation & Attenuation vs. Rain Intensity plot for October 2019 ........................ 67 
Figure 49: Specific Attenuation & Attenuation vs. Rain Intensity plot for November 2019 ..................... 67 
Figure 50: Specific Attenuation & Attenuation vs. Rain Intensity plot for December 2019 ..................... 68 
Figure 51: Specific Attenuation & Attenuation vs. Rain Intensity plot for January 2020 ......................... 68 
Figure 52: Specific Attenuation & Attenuation vs. Rain Intensity plot for 13th of September 2019 ........ 69 
Figure 53: Specific Attenuation & Attenuation vs. Rain Intensity plot for 22nd of September 2019 ........ 70 
Figure 54: Specific Attenuation & Attenuation vs. Rain Intensity plot for 10th of November 2019 ......... 70 
Figure 55: Specific Attenuation & Attenuation vs. Rain Intensity plot for 12th of November 2019 ......... 71 
Figure 56: Specific Attenuation & Attenuation vs. Rain Intensity plots with French Model  for August 

2019 ...................................................................................................................................................... 72 
Figure 57: Specific Attenuation & Attenuation vs. Rain Intensity plots with French Model  for September 

2019 ...................................................................................................................................................... 73 
Figure 58: Specific Attenuation & Attenuation vs. Rain Intensity plots with French Model  for October 

2019 ...................................................................................................................................................... 73 
Figure 59: Specific Attenuation & Attenuation vs. Rain Intensity plots with French Model  for November 

2019 ...................................................................................................................................................... 74 
Figure 60: Specific Attenuation & Attenuation vs. Rain Intensity plots with French Model  for December 

2019 ...................................................................................................................................................... 75 
Figure 61: Specific Attenuation & Attenuation vs. Rain Intensity plots with French Model  for January 

2020 ...................................................................................................................................................... 76 



xiii 

List of Tables 

Table 1: ITU-R Model values for the 15 different rain zones around the World [59]............................... 22 
Table 2: The Global Crane Rain intensity Model [58] ............................................................................ 23 
Table 3: Logged data values sample....................................................................................................... 33 
Table 4: PARAMETERS FOR FSO SYSTEM ...................................................................................... 36 
Table 5: INFORMATION OBTAINED FROM RD-80 DISDROMETER FOR THE PERIOD OF 

MEASUREMENT ................................................................................................................................ 40 
Table 6: Monthly Statistics of Rainfall Intensity exceeded in mm/h ....................................................... 43 
Table 7: Seasonal Monthly Statistics of Rainfall Intensity exceeded in mm/h ......................................... 44 
Table 8: RESULTS TAKEN FROM THE 13TH OF SEPTEMBER 2019 .............................................. 59 
Table 9: RESULTS TAKEN FROM THE 22ND OF SEPTEMBER 2019 .............................................. 60 
Table 10: RESULTS TAKEN ON THE 10TH OF NOVEMBER 2019 .................................................. 61 
Table 11: Summary of key findings ....................................................................................................... 80 



GENERAL INTRODUCTION CHAPTER 1 

1 

CHAPTER 1 

GENERAL INTRODUCTION 

1.1 FSO Brief Description 

Optical wireless communications (OWC), popularly known as free space optics (FSO), involves the 

transmission of data via free atmospheric channel using optical carriers within the infrared range of the 

electromagnetic spectrum [1]. Some of the advantages offered by OWC links over radio frequency (RF) 

systems include very high bandwidth, immunity to electromagnetic interference, easy installation and 

deployment, no license tariffs required, and low power consumption [2], [3]. Despite the advantages offered 

by OWC systems, their performances degrade during severe weather conditions. Aerosol scattering of 

optical signals and severe attenuation due to scintillation have been well reported in foggy weather and 

clear sky conditions respectively [1], [4]. 

     During rainy weather, optical signals transmitted between OWC transceivers are not immune from 

scattering attenuation as the laser beam passes through big sized raindrops. Various DSD models have been 

developed to estimate the attenuation due to rainfall, but they are majorly proposed for radio wave links 

[5]. The few rain attenuation prediction models offered for OWC are largely location-dependent and are 

not entirely suitable for places with different rainfall patterns [3], [6]. This is clearly evident by the models 

recommended by the ITU-R for OWC which are solely based on France and Japan’s rain attenuation 

measurements [5].  

Dense fog is known to have the most unfavorable impact on optical waves as scattering attenuation of 

up to 300 dB/km is reported for visibilities less than 100 m [7]. However, in certain locations and at specific 

times where fog is absent, rainfall is usually one of the prevailing atmospheric conditions causing the 

deterioration of OWC link performance [7]. It is therefore pertinent to properly investigate the impact of 

rain on OWC links deployed for use in Durban, South Africa. This will significantly aid in developing 

models for predicting rainfall attenuation specifically for OWC systems based on the rainfall profile in such 

regions. It will also assist in link budget planning for designing OWC links to be deployed in such places. 
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1.2 Background of FSO 

Various models [5], [7] have been developed to determine rain attenuation parameters for free space optical 

links in rainy weather. In South-East Asia, a model based on the power-law relationship of specific rain 

attenuation using heavy rainfall data collected over a one-year period was proposed. The estimated power 

law parameters of rain attenuation were evaluated using the method of least square mean equation (LSME) 

with the Levenberg-Marquardt optimization technique [5]. In [7], the proposed model simulates the 

interaction between FSO links and precipitation maps from which mathematical expressions were 

developed. The model considers the dependence of scattering attenuation of optical signals on DSD and 

accepts local rainfall statistics as its input for the location of interest.  

This research will focus on the approaches used in [2], [4]-[7] to estimate specific rain attenuation 

parameters for OWC links deployed in major cities of South Africa. The results will be validated with real-

time rain attenuation measurements from an OWC link and suitable models will be proposed. 

1.3 Research Approach 

The goal of this work is to determine rain attenuation parameters for optical signals, in Durban, South 

Africa. To accomplish this task, the following steps will be used; 

1. Derive rain attenuation models for FSO, based on the measured relationship between specific 

attenuation and rain intensity. Establish the power law equations, then, compare the obtained results 

with other models that have been reported, like the ones for France and Japan, to check for any 

correlation. 

2. Derive equations between specific attenuation and the rain intensity. 

3. When there is rain, obtain the rain drop size based on the disdrometer readings, the amount of rain, 

and the attenuation recorded by the power meter. 
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1.4 Research Aims and Objectives 

This work will meet following objectives: 

1. Theoretically determine rain attenuation parameters for optical signals based on various rainfall 

measurements for the city of Durban, in South Africa. 

2. Evaluate the analytical performance of the proposed model, which in this case is the power law model, 

under rainy conditions, alongside other established models. 

3. Establish a suitable link budget analysis for OWC links to be deployed in Durban using the results and 

the equipment available, and then expand to various cities in South Africa, applying a similar approach 

to that for Durban. 

1.5 Resources 

This is a mathematical, simulation and experimental based study which requires computing resources and 

access to measurement equipment. These resources are: 

• Optelix Nanowave FSO Link and Accessories. 

• Vantage PRO2 Weather Station. 

• MIB Browsers. 

• RD-80 Vaisalla disdrometer. 

       All the above resources are available at the Centre for Radio and Rural Access Technologies (CRART) 

University of KwaZulu-Natal, Howard College Campus, under the leadership of Prof. Thomas J. O. Afullo. 

1.6 Contribution of the Dissertation 

 Development of R0.01 and distinct rainfall DSD models, for rainfall rates up to 120 mm/h, for the 

city of Durban. The proposed empirical models are based on the monthly and seasonal analysis of 

Durban’srainfall conditions. The analyses resulting from these proposed models reveal that most 

of the rain was drizzle, widespread, with some showers, but no thunderstorms.  

 

 Power-law models for the extinction cross section in microwave and millimeter frequency ranges 

between 2 GHz and 1000 GHz at 20 degrees ambient temperature were developed in Durban. The 

relationship between attenuation and specific attenuation due to rain intensity was investigated 

using the empirical method, with all data collected at an optical wavelength of 850nm. The 
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proposed models are a correlation of DSD with rain rate derived from disdrometers and a rain gauge 

used to estimate rainfall attenuation for different types of rainfall. The results of the predicted 

specific attenuation demonstrate that other atmospheric phenomena, such as fog, play a huge role 

in the monthly and seasonal variation of rainfall attenuation in Durban. 

1.7 Methodological Approach 

The RD-80 Vaisalla disdrometer and the Thorlab PM100D optical power meter as well as the FSO 

equipment were used to collect data for this study, for rain intensity and optical signal data respectively. 

The processing units are contained inside the microwave laboratory, which is located in Durban, South 

Africa. These equipment are installed on the roof top of the Electrical, Electronic, and Computer 

Engineering building, Howard College Campus of the University of KwaZulu-Natal. Since the previous 

study [8] used 1-minute data, this study will concentrate on rainfall data collected at 30-second sampling 

times during a six-month period between August 2019 and January 2020. 

1.8 Organization of the Dissertation 

In all, this work is divided into six chapters. The first chapter offers an overview of the study topic, which 

is organized as follows: Brief overview of the FSO, background of the FSO, research strategy, goals and 

objectives, resources, methodological approach, dissertation organization, and publications.  

       The second chapter is an in-depth literature study of OWC systems, which includes an overview, 

features, application areas, design, and eye safety requirements that are taken into account in OWC. It also 

provides a background on the topic, with a focus on the physics of rainfall microstructures. The major focus 

of the talks is on the physics of rainfall intensity. A brief overview of the atmospheric layers in the region 

of interest is also included. 

       The methodological technique used to get the results is explained in Chapter 3. To begin, it goes over 

each component of the FSO equipment, as well as the power meter and the disdrometer. It examines the 

power meter's overview. Its configurations, setups, hardware and installations, software, graphical user 

interface, and data logger. It also examines the configuration of the disdrometer measurements and the data 

logger. After that, the Fade Margin and FSO link losses are calculated. This chapter also discusses the 

process for extracting and analyzing the data.  

       The fourth chapter looks at the effects of rain, fog, and scintillation on the optical signal. The chapter 

is arranged as follows; the introduction, attenuation, which is the section where the attenuation is calculated. 

The time series plots are used to investigate the obtained results using the approach described in chapter 3, 

and to analyse the obtained data to see if there is any attenuation in the signal, and if so, what the causes 
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are. The results are categorized as: clear days, drizzle or foggy days, and rainy days. Each day is also divided 

into different time periods. The relationship between rain intensity and raindrop diameter is also examined 

in this chapter, before the chapter is summarized in the last part. 

     The analysis and discussion of the acquired results are presented in Chapter 5. There is an introduction 

to the chapter and a section that explains how to get the findings. The specific attenuation is then determined 

in this chapter. The relationship between the attenuation and the specific attenuation due to rain is plotted 

and described after the specific attenuation is calculated. This chapter also includes a comparison with the 

existing model, with the attenuation and specific attenuation due to rain compared to the French Model to 

be specific.  

     The overall summary obtained from the research is the focus of Chapter 6, and conclusions are drawn 

from the results. In this chapter, future related works are also discussed.
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction 

This section provides a description of OWC technology, popularly known as FSO. The modelling of rain 

attenuation, and analysis of its impact on FSO link performance are reviewed from related works done in 

subtropical regions. The study area is Durban, in South Africa, which is a subtropical region, with an 

average rainfall of about 464 mm annually. The country gets most of its rainfall in summer, except for the 

Western Cape, which is the winter-rainfall region [9]. Given that, the study will be in Durban, and then can 

use the same approach in other major cities, with only Western Cape differing with the season the study is 

done. Applications of the OWC systems and important features are discussed. The section also gives a 

description and clarification of the blocks that make up the OWC system, modelling rain attenuation and a 

discussion on eye safety and standards. Towards the end of the section, troposphere’s radio waves and 

microwaves communications are discussed, the chapter concludes with looking at the rainfall 

microstructure and mechanics, measurements for parameter modelling, a look at different models of rain 

intensity distribution, as well as rainfall attenuation estimation and prediction and its effects in South 

African areas. 

2.2 Overview of OWC Technology 

OWC entails the use of a laser to transmit data between two nodes through unguided media. Unguided 

media can be one or a combination of water, space, or atmosphere. Because this work is Free Space Optical 

based, the focus channel is the atmosphere. The data signal to be transmitted may be interrupted on any of 

the characteristic optical carrier wave properties which consist of its intensity, frequency, and phase. The 

OWC system may also be called the Line-Of-Sight (LOS) technology, which requires the transceivers to 

be directly aligned with each other without any sort of obstacles in between. 

       The traditional OWC system is designed for point-to-point interactions between two cognate 

transceivers placed at either end of the link. This communication system enables full duplex throughput 

with high data rate in which data sharing between the two transceivers can be accomplished simultaneously. 

The following sections discuss the analysis of existing associated work, the characteristics, applications, 

eye safety and standards, as well as the categorisation of the OWC system blocks. 
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2.3 Analysis of Existing Associated Work 

In [6], Brazda et al. reported that FSO Links are becoming the usual means of modern wireless 

communication, but they suffer from attenuation caused by atmospheric particles. Consideration of this 

attenuation is important for FSO connection design. In addition, [6] notes that rain is not the most severe 

atmospheric phenomenon; as compared to fog, but it cannot be ignored as it is the most frequent form of 

precipitation in moderate climatic conditions. FSO rain attenuation is caused by energy absorption by rain 

drops and laser beam scattering in all directions. The standard raindrop lies between 0.1 mm to 7 mm in 

diameter. Spherical drops have a diameter of less than 2 mm while larger drops are flattened, with a diameter 

of less than 4 mm at the lower base. The real shape is approximated to determine the scattering properties 

of the electromagnetic wave [6]. 

       The power law given in (1) represents the specific rain attenuation, which is the fundamental quantity 

in determining attenuation due to rain for terrestrial and earth space links. 

𝛾𝑟𝑎𝑖𝑛 = 𝑘 × 𝑅𝛼 =  𝐴𝑎𝑡𝑚𝑜𝑠                                     (1) 

where 𝛾𝑟𝑎𝑖𝑛 is Rain specific attenuation; 𝑅 is the Rain Intensity; 𝐴𝑎𝑡𝑚𝑜𝑠 is atmospheric attenuation that 

occurs in link between FSO transceivers; 𝑘 𝑎𝑛𝑑 𝛼 are rain coefficients, which depend on location and rain 

type. 

       The coefficients 𝑘 and 𝛼 depend on the carrier frequency of FSO systems, and on the characteristics of 

rain such as DSD and polarization [5], [10]. Both coefficient values can be obtained from ITU-R P.838-3 

[11]. Since raindrops are assumed to have a spherical form, estimates of k and α do not depend on vertical 

or horizontal polarization [10].  

       The following formula was presented by Charbonneau, for French model [6], [12]: 

𝛼𝑟𝑎𝑖𝑛 = 1.076 × 𝑅0.67 [
𝑑𝐵

𝑘𝑚
]                                                     (2) 

       The following formula was presented for Japan model is much simpler and is obtained by using the 

assumption that attenuation is only dependent on rain intensity [6]: 

𝛼𝑟𝑎𝑖𝑛 = 1.6 × 𝑅0.63  [
𝑑𝐵

𝑘𝑚
]                    (3)  

       Charbonneau’s model (France) is tested based on measurements obtained at a very low rain intensity 

of 5 mm / h, this is because the experiment was performed in Europe where they experience a very low 

rainfall rate relative to tropical regions such as South-East Asia [10]. Tropical areas receive enormous 

rainfall of up to 300 mm / h during rainy seasons. Increasing rain intensity results in an increase in FSO 
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link attenuation. It has been shown in [6] that FSO link rain intensity is not based on wavelength, in optical 

spectrum. Under normal or common weather conditions, such as when it’s raining or there is little fog, rain 

attenuation is not greater than 25dB / km [13] but during storms, which occurs occasionally, and most 

unlikely in South Africa, FSO attenuation may be very high. 

       The single beam FSO system in tropical rainy weather is particularly susceptible to atmospheric rain 

attenuation [13]. Research shows that due to this situation, in tropical regions, precise power law parameters 

of rain attenuation are required. FSO is a direct LOS transmission through the atmosphere for broadband 

communication [5]. The FSO system operates on a concept based on a narrow beam of laser light which 

transmits through the atmosphere the modulated digital signal from the transmitting station to the receiving 

station. Therefore, the transmitter and the receiver must be in a direct line of sight. Because of its high 

bandwidth, FSO device sends data at a very high rate. The system also requires no licensing, affordable 

rooftop installations, no arrangement of fiber cables, no need for security updates; these are the key 

advantages.  

       FSO is suitable for high-bandwidth applications such as high-definition video streaming for various 

clients, due to its ability to operate at a very high speed of up to 1.25 GB/s. Nevertheless, the FSO system 

suffers from the degradation of the signal, which is considered a significant setback. This has a huge impact 

on rain attenuation resulting in laser beam scattering, particularly when the beam passes through large 

raindrops. As described earlier, rain attenuation is highly dependent on the raindrop size distribution. Before 

[5], there has been no appropriate model for calculating the optical link rain attenuation in tropical region. 

The ITU-R on the FSO links, based on France measurements using the Charbonneau model and Japan 

measurements [10], recommended very few attenuation prediction models, most of which were proposed 

for the propagation of radio waves. 

       However, the parameters of the above models are suitable for low rain intensity’s, and do not apply to 

tropical regions, which usually experience heavy rainfalls. Therefore, if you need to have accurate 

parameters for power law, you need a lot of detailed information about the FSO channel in tropical regions. 

To obtain rain intensity in these areas, rain intensity must be collected within 1-minute interval to model 

the rain attenuation based on ITU-R procedures. This is the approach that is based on the relation between 

the speed of rain in mm/h and the optical power that has been received. Rain attenuation modelling is 

conducted using two methods, known as the empirical method, which is based on the relationship between 

the observed attenuation distribution and the corresponding observed rain intensity distribution calculated 

at a certain integration time, in this study integration time is 30 seconds; and physical method, which attempt 
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to reproduce the physical behavior involved in the attenuation processes. ITU-R created a well-known 

analytical expression, which they proposed by integrating their data with Laws and Parsons.  

       The Japan model [10] is evaluated based on measurements obtained from a maximum rain fall rate of 

up to 90 mm/h, which is considerably small compared to the average maximum rain fall rate of up to 4000 

mm/h [14] in tropical areas. These models cannot be considered for cases of higher rain intensity such as 

tropical regions, but they can be used in sub-tropical regions, such as Durban, which is where this research 

will be based. 

       The least square mean equation (LSME) approach with Levenberg-Marquardt (LM) optimization can 

be used to estimate k and α values during heavy rainfall [5]. The power transmitted and the power received 

can be obtained when transmitting data through the FSO link and can also be used to measure the 

atmospheric attenuation given by (4) using the received power formula [5]. 

𝑃𝑟 =  𝑃𝑡 − 𝐴𝑔𝑒𝑜 − 𝐴𝑎𝑡𝑚𝑜𝑠 −  𝐴𝐶𝑙𝑒𝑎𝑟                        (4) 

where 𝑃𝑟 is Received power (varying according to weather conditions); 𝑃𝑡 is Transmitted power; 𝐴𝑔𝑒𝑜 is 

Geometric loss ( [5] and [15] say that this is negligible at shorter distances of approx. up to 350m); 𝐴𝑎𝑡𝑚𝑜𝑠 

is Atmospheric attenuation due to rain fall;  𝐴𝐶𝑙𝑒𝑎𝑟  is Clear weather loss. 

       Using curve fitting techniques and LM optimization, the estimated values of coefficients 𝑘 𝑎𝑛𝑑 𝛼 were 

evaluated by the LSME method to be 2.03 and 0.73 respectively. Hence, the France and Japan 

measurements are sufficient in determining the atmospheric attenuation in subtropical weather, like Durban, 

South Africa [16]. 

       In [4], Basahel et al. reported that when calculating efficiency of FSO, availability is one of the major 

considerations. In tropical and subtropical climate, rainfall, is a major factor, influences the quality of the 

FSO link. The effect of haze on the availability of FSO should be considered, as it becomes important for 

longer distances of FSO connection. [4] Estimates the availability of FSO connections under the influence 

of rain and haze and the combination of the two; the availability estimation based on predicted attenuation 

due to rain and haze using projected long-term statistical measurements of rain (mm/h) and visibility (km).  

       Cumulative distribution function (CDF) was used to analyze the combined effect of both rain and haze. 

The telecommunications industry uses two types of availability, carrier class availability and enterprise 

class availability, which is commonly considered to be 99.999% and 99% respectively. Aside from the 

known phenomena affecting the FSO system such as heat, fog and snow; scintillation may also affect FSO 

performance. This problem can be solved by applying a spatial diversity technique or by using novel 



LITERATURE REVIEW  CHAPTER 2 

 

 

 10 

 

algorithm. The attenuation of optical energy due to scattering is because the size of the rain and haze 

particles is comparable to that of the wavelength of the transmitted signal. This reduces FSO link's 

availability for a given link distance. 

       In tropical climates, the reliability of FSO links is susceptible to two major weather events, rain and 

haze; with heavy rain being the main factor for tropical regions [2] and being used for long distances. The 

effect of haze is ignored in shorter distances, but the combination of the effect of rain and haze will limit 

the availability for distances that are a little longer for the business class [3]. 

       Researchers in [17] investigated FSO performance using data calculated and recorded in the National 

Meteorological Center of Libya (LNMC). The modification of the Charbonneau empirical model is used to 

obtain the relationship between the maximum permissible length of the FSO link and the rainfall rate. In 

the analysis and simulation of the FSO link, given that Libya has a subtropical climate, there is hardly snow 

or fog, only the rain effect was considered. Scattering and scintillation are caused by the interaction of light 

and atmosphere due to the composition of the environment, which includes a variety of different types of 

molecular species and tiny suspended particles called aerosols under normal conditions. 

2.4 Features of OWC 

High Modulation Bandwidth – Optical carrier waves have an extremely wide frequency bandwidth of up 

to 200THz. As there is a direct connection between the volume of data transmitted and the carrier's 

bandwidth, in OWC technology, high data rates of up to 20 percent of carrier frequency are feasible [18]. 

Unlicensed Spectrum – The optical wireless spectrum is free and requires no license. This provides a 

significant advantage over the overcrowded RF spectrum faced by legislative obstacles and rigorous policy 

procedures before a portion of the spectrum is used [18]. 

Cost Effective – Compared to their RF equivalent, the OWC system is simpler to install with comparable 

data transmission rate. OWC is an ideal alternative to delivering the same bandwidth by eliminating the 

excess trenching costs when laying optical fibres [18]. 

Weather Dependence The efficiency of OWC systems depends heavily on the state of the ambient 

atmospheric conditions present. Optical signals are known to undergo scattering attenuation in foggy 

weather and in clear weather conditions while vibration losses of optical signals arise from variations in the 

refractive index of the atmosphere [18]. 
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Quick Installation and Deployment – The OWC system can be installed and operated in very few hours, 

with the appropriate installation tools available. The specific guidance to remember is there must be no 

interference between the transmitter and the receiver in the LOS [18]. 

2.5 Areas of Application 

The above highlighted features of OWC makes it very attractive in many areas of application such as: 

Last Mile Access – OWC technology fills the current bandwidth gap between the backbone of the optical 

fiber and the end users. OWC links are available on the market which transmit data rates of up to 10 Gbps 

with link lengths of up to a few kilometres [19], [20]. 

Backup to Fiber Optical Link – OWC systems may be deployed as a replacement to fill the void in cases 

where the optical fibre communication connection is interrupted or inaccessible [21], [22]. 

High-Definition Television (HDTV) – The OWC network can be used to distribute live High definition 

video signals to television stations in remote areas [19], [23]. 

Difficult Topography - Installing OWC network is cost-effective, rather than installing optic fiber cables 

in challenging terrain [24]. 

Temporal Links – The OWC system can act as temporary connections in emergency situations, this is 

because they are easy to install and use [25], [26]. 

2.6 Eye Safety and Standards 

When developing an OWC system, great care must be taken to ensure that the optical radiation field is safe 

and does not present any risk to human health as well as animals that might deliberately or otherwise come 

into contact with it. The skin, and particularly the eyes, will suffer serious damage if the optical beams are 

directly focussed. The retina of the eye can focus on optical wavelengths of about 400-1400 nm, while the 

cornea portion of the eyes simply absorbs the energy of other wavelengths. Several international regulatory 

bodies, such as the Center for Devices and Radiological Health (CDRH), the International Electrotechnical 

Commission (IEC), the European Electrotechnical Standardization Committee (CENELEC), etc., offer 

safety recommendations on the use of optical beams, some of which are governed by regulation [27]. 

       Class 1 lasers, according to the IEC standard laser classification [28], include low-power radiation 

emitting devices with wavelengths ranging from 0.3025-4 µm which causes no threat under all completely 

avoidable conditions of use. Class 1 M lasers are equivalent to class 1 lasers, but when observing optical 

radiation emitted from them with optical equipment such as microscopes, telescopes, binoculars etc., there 

is a chance of threat. Some classes of lasers include Class 2, Class 2 M and Class 3B [29], [30]. Since the 
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classification of the laser is determined by the intensity of the beam, it should be remembered that no optical 

wavelength is permanently harmful or safe for the eyes. Hence, the OWCS can be designed to transmit 

wavelengths of any choice and still be relatively harmless to the eye [27]. 

2.7 OWC System 

Figure 1: Block diagram of a terrestrial OWCS [27]

The OWC is composed of transmitter, atmospheric channel and receiver, each of which will be discussed 

below: 

2.7.1 The Transmitter 

In this section of OWC transmitter, the information signal is modulated onto the optical carrier wave and 

transmitted to the receiver through the atmospheric channel. Many OWC system typically employ the 

intensity modulation (IM). This requires the direct variation of the current moving the optical carrier wave 

in accordance with the signal of the information to be sent. It can also be accomplished by means of an 

external modulator such as the Mach-Zehnder interferometer. In addition to modulating the optical carrier 

wave by its intensity, other properties and characteristics such as the carrier wave 's frequency, phase, and 

state of polarization (SOP) can also be modulated with the information signal Optical sources widely used 



LITERATURE REVIEW CHAPTER 2 

13 

in OWC systems include laser emitting vertical cavity surfaces (850 nm), laser emitters Fabry-Perot (~1300 

nm), dispersed feedback lasers (~1500 nm), LED (near Infrared) etc. These sources are reliable, very 

inexpensive, readily accessible, and can achieve data rates up to 40 Gbps. The Transmitter telescope 

collimates and transmits the modulated optical radiation at the opposite end of the channel towards the 

receiver [18], [27], [31]. 

2.7.2 The Atmospheric Channel 

The atmosphere consists of gases such as nitrogen, oxygen, argon, carbon dioxide, water vapour, etc., and 

minute particles that are suspended in the air (aerosols). The environment also features rain, haze, fog and 

other environmental conditions. Such weather conditions are based on season and location. Aerosol 

concentrations are higher near the surface of the earth (troposphere) and decrease with increased altitude. 

These atmospheric components cause the optical signals which propagate through the atmosphere to be 

dispersed and absorbed, resulting in a reduction in the power levels of the signal reaching the receiver [32]. 

     The temperature inhomogeneity of the atmosphere resulting from the turbulent mixture of dry, light air 

close to the earth’s surface and the colder air mass at higher altitudes during sunny and clear sky conditions 

causes extreme variations in the refractive index of the atmosphere [33]. This leads to the complete or 

partial variance of optical beams which traverse the changing refractive prisms of air packets or eddies. 

Thus, the optical data signal encounters random fading in its irradiance and phase. The effects of 

atmospheric turbulence on optical signals includes; beam steering, beam spreading, loss of spatial 

coherence, fluctuation of polarisation, etc. [34]. 

2.7.3 The Receiver 

At the receiver, the transmitted information signal from the optical radiation incident is recovered. The 

incident optical beam incident is collected and focussed through the optical bandpass filter on the 

photodetector. The bigger the receiver telescope's aperture, the greater the range of incoming uncorrelated 

optical beams. However, it should be noted that, the larger the aperture, the more the background noise 

transmitted to the detector. The optical bandpass filter decreases background noise levels and sends data to 

the Photodetector. The Photodetector transforms the incoming optical signals into electrical signals. The 

photodetectors typically used in OWC receivers are the p-i-n diode (PIN) and the Avalanche Photodiode 

(APD). Examples of widely used photodetectors are Silicon PIN (300-1100 nm), Silicon APD (400-1000 

nm), In GaAs APD (1000-1700 nm) etc. These photodetectors have gains UPTO 1 – 150 dB at data rates 

of up to 1.25 Gbps. In order to retrieve the information signal transmitted from the transmitter, the post-

detection processor (also known as the decision circuit) amplifies, filters and processes the photodetector’s 

electrical signal output [27]. 
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     The two primary detection processes for receivers are the direct and coherent methods of detection. 

The intensity or strength of the incoming optical beam that impinges upon the photodiode is measured in 

the former [34]. At the other hand, the incident optical field is combined with the signal emitted from a 

local oscillator on the photodiode surface inside the coherent detection receiver. The benefits of the 

consistent detection process include simple amplification of the signal at a known intermediate frequency 

and improved signal-to - noise ratio in comparison with the direct detection system [35]. 

2.8 Atmosphere Layers 

The troposphere is used in a terrestrial wireless communication system to transmit and receive 

electromagnetic (EM) signals from one location to another. The radio climatological properties of these 

places are the basic principle in propagating in this medium. The most essential zones for signal 

transmission in wireless communication, in general, are: 

2.8.1 Satellite Orbits 

There are regions that are useful for satellite and interplanetary communication beyond 500 kilometers. 

Currently, the ITU-R specifies four satellite orbits for C-band, Ku-band frequencies and above for satellite 

communication. The orbits are listed in this order [36]: 

 Low Earth Orbit (LEO) situated between 500 and 2000 kilometers above the surface.

 Medium Earth Orbit (MEO) situated between 5,000 and 12,000 kilometers from the surface.

 Geostationary Earth Orbit (GEO) situated roughly about 36,000 kilometers from the surface.

 High Earth Orbit (HEO) is the orbital beyond GEO i.e. over 36,000 kilometers

2.8.2 Ionosphere 

This is where the atmosphere's composites are mostly made up of ionized or charged particles called plasma. 

This region is a conductive layer that can be used to ‘bounce' back signals at low and moderate frequencies 

such as LHF, MHF, and HF in the 30 KHz to 30 MHz range. This area is vulnerable to cosmic radiation 

and astronomical events. It has a range of 500 kilometers above the earth's surface, just below the 

stratosphere [37]. In this area, the average plasma frequency is around 8 MHz [38]. 

2.8.3 Troposphere 

This is the space region where high-frequency signal propagation is most common; it is also known as the 

free space region. Because of the low electron activity in the belt, some authors refer to it as the non-

conducting zone. This region is used for propagation by broadband communication systems that utilise 

satellite and microwave links. It is 17 kilometers from the earth's equator and 9 kilometers from the earth's 

poles [37]. 
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     The troposphere will be the primary focus of this study. For its close closeness to the ground and the 

unrestricted influences of the natural environment on wave propagation in its domain, it is an area of 

significant radio-meteorological turbulence. 

2.9 Radio Frequency and Microwave Communication in the Troposphere 

The tropospheric layer of the atmosphere has traditionally been used to propagate signals for radio 

frequency (RF) and microwave communication systems. This layer is preferred above others due to its close 

closeness to the ground, which makes it appropriate for LOS propagation, especially at high frequencies. 

The troposphere, on the other hand, is an area of radio meteorological turbulences involving independent 

natural factors such pressure (P), water vapour pressure (𝜌), atmospheric refraction and temperature (T). 

These factors influence the speed and direction of electromagnetic waves as they move through the 

atmosphere. The radio refractivity (N), a crucial function linked to these three factors, is calculated as 

follows [37]:  

𝑁 =  
77.6 𝑃

𝑇
+ 

3.73×105𝜌

𝑇2 (5) 

     Typically, these variables contribute to the tropospheric region's prevalence of instability in one way 

or another. For example, an occurrence of low pressure that is uniformly distributed throughout an area 

may suggest the possibility of rain or even strong thunderstorms, both of which are detrimental to 

propagation. As a result, the fluctuation of these factors adds to the tropospheric layer's unpredictable 

behaviour. 

     A clean line-of-sight distance between the receiver and transmitter is required when using the 

troposphere for RF and microwave propagation, as shown in Figure 2. To minimize multipath fading, it is 

important to remember that obstructions between the transmitter and receiver do not diffract the propagation 

path when using the LOS concept (also known as signal ghosting). In order to design an unobstructed 

microwave link, the Fresnel principle must be used to calculate the minimal clearance [8], [37]. In theory, 

the LOS is determined by the Fresnel ellipsoidal zone, 𝐹𝑛, given by: 

𝐹𝑛 =  √
𝑛𝜆𝐷1𝐷2

(𝐷1+ 𝐷2)
(6) 

where 𝑛 is the number of ellipsoids needed, D1 and D2 are the distances between the transmitter and the 

obstacle for both the transmitter and the receiver, and 𝜆 is the wavelength of the transmission's centre 

frequency. A simplified version of the equation, which contains the frequency (MHz) and a velocity 

constant, C, is usually written as: 
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𝐹𝑛 =  1.73 √
𝑛𝐶𝐷1𝐷2

𝐹𝑀𝐻𝑧(𝐷1+ 𝐷2)
                                           (7) 

 

Figure 2: The Line-of-Sight (LoS) link between the receiver and transmitter [37] 

       The LOS distance for maximum clearance from the nearest barrier may be calculated using the Fresnel 

equation. Hills, buildings, and any other item that might block the LOS route are examples of obstacles.  

Most significantly, setting up a link necessitates taking into account the worst-case scenarios for signal 

losses, which is referred to as link budget. Multipath propagation, diffraction fading, rainy path attenuation, 

path losses, and antenna deficiencies such as polarization mismatch, pointing problems, and antenna 

inefficiencies can all lead to these situations. Optical line-of-sight and radio line-of-sight are the two most 

common kinds of line-of-sight. The furthest point in an optical LOS is generally the one that the eyes can 

see. Due to the curvature and sphericity of the globe, the radio LOS is believed to be longer than the optical 

LOS. A correction for earth sphericity is typically performed when calculating the radius of the earth: 

𝑅′ = 𝑘𝑅                                         (8) 

where 𝑘 = 1.33 represents the average adjustment due to earth curvature in temperate zones, and R = 6370 

kilometers represents the radius of the earth. For temperate zones, for example, the modified earth radius 

for design purposes is always about 8300 kilometers. The frequency of transmission used for the design of 

RF and microwave links is ranged between 30 MHz to about 300 GHz. Appendix A-1 summarizes typical 

frequency bands useful for RF and microwave propagation.  
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2.10  Rainfall Microstructure and Mechanics 

2.10.1 Rainfall Types 

Based on the spatial distribution of rainfall, rainfall types may be divided into four main classes [39], [40]: 

Convective Rain - These are more common in isolated regions with significant rain dispersion and strong 

wind currents. They have a short fall time (about tens of minutes) and smaller rain cells, and they are 

common in tropical areas.  

Monsoon Rain - This is often a sequence of convective rain cells followed by stratified rainfall bursts. They 

can stretch hundreds of kilometers and have huge widths. They last longer than other forms of rain, such as 

convective rain.  

Stratified Rain - This type of rainfall occurs at modest rain rates of up to 25 mm/h and has a broad rain cell 

throughout the length of the rain. It's also called stratiforms [39] because it is associated to the fusion of 

microscopic ice particles into larger ones during the build-up to rain.  

Tropical Storm Rain - Hundreds of kilometers are covered by these strong rainfall patterns. A moderate 

monsoon or convective rainfall may occur in the areas surrounding the rainfall site. 

2.10.2 Rainfall Cells 

Rain cells are defined as mapped–out regions that are impacted by rainfall impacts during a single or many 

rain episodes. Rainfall is thought to be impacted by wind speeds and cloud drift, therefore a rain cell is 

typically dynamic. [41] A rain cell is defined as a specified region in which the rainfall intensity is 

considered to be greater than or equal to a threshold. In general, the forms of rainfall have a significant 

impact on the concept of rain cells. A convective rain cell, for example, is generally represented as a smaller 

rainfall cell diameter at greater rainfall rates, whereas a stratiform rain cell has a bigger rainfall cell diameter 

and lower rainfall rates [41]-[43]. Rainfall intensity is considered to be highest in the centre of a rain cell 

and gradually diminishes towards the borders of the depicted region. [44] The variance in rainfall intensities 

in the EXCELL model for rain cells is displayed in Figure 3. Therefore, a transmitted signal going across 

multiple overlapping rain cells will suffer substantially from the effects of rainfall attenuation. The 

circumstances of rainfall attenuation will thus be dependent on the climatic and geographic pattern of a 

location due to variations in rain-cell volume distribution. 
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Figure 3: Variation of rainfall in a typical EXCELL rainfall cell [41] 

2.10.3 Rainfall Intensity Physics 

The diameter integral of the rainfall drop size distribution is used to calculate the rainfall rate, which is 

connected to the fall velocity and volumetric characteristic of the rain droplets. This is described 

mathematically in [45], [46]: 

𝑅(𝐷) =  ∫ 𝑣𝑡(𝐷)𝑁(𝐷)𝑉(𝐷) 𝑑𝐷
∞

0
 [

𝑚𝑚

ℎ
] (9) 

where 𝑣𝑡(𝐷) is the terminal or fall velocity of the rainfall drops in m/s, 𝑁(𝐷) is the rainfall drop-size

distribution in 𝑚−3𝑚𝑚−1and 𝑉(𝐷) is the volume of rain droplets in 𝑚𝑚−3. With a general spherical

assumption for the raindrop shape, the volume of an assumed raindrop sphere for a diameter, 𝐷, in mm is 

given as: 

𝑉(𝐷) =  
4𝜋

3
(

𝐷

2
)3 (10) 

Thus, 

𝑅(𝐷) =  
𝜋

6
∫ 𝑣𝑡(𝐷)𝑁(𝐷)𝐷3 𝑑𝐷

∞

0
 [𝑚/𝑠] (11)
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       Equation (11) becomes a model explaining rainfall rate as a function of the third moment of the rainfall 

drop-size distribution after converting the rainfall rate unit from m/s to mm/h and balancing the surplus 

physical units. As a result, the new equation is: 

𝑅(𝐷) =  6𝜋 × 10−4 ∫ 𝑣𝑡(𝐷)𝑁(𝐷)𝐷3 𝑑𝐷
∞

0
     [𝑚𝑚/ℎ]                     (12) 

where 𝐷𝑘 is the mid-value of a diameter with an interval such that ( 𝐷𝑘 − 
∆𝐷𝑘

2
) ≤  𝐷𝑘 ≤  ( 𝐷𝑘 + 

∆𝐷𝑘

2
). For 

𝐵𝑛 discrete classes, the rainfall rate equation in (12) may be approximated as follows: 

𝑅(𝐷) ≈  6𝜋 × 10−4  ∑ 𝑣𝑡(𝐷𝑘)𝑁(𝐷𝑘)𝐷𝑘
3 ∆𝐷𝑘 

𝐵𝑛
𝑘=1      [𝑚𝑚/ℎ]            (13) 

where all of the parameters have the same meaning as in equation (9). 

2.11 Rainfall Measurement for Parameter Modelling 

In the planning and construction of radio and microwave connections, rainfall modelling has remained a 

must. In a typical LOS route, the effect of rain on signal transmission is responsible for a substantial loss 

of transmitted energy. A compromise transmission power level is typically desired as part of link budgeting 

to compensate for the impacts of rain fading and rain attenuation [36]. Over-estimation of compensation 

can result in greater system complexity and expensive installation and maintenance costs; under-estimation, 

on the other hand, might result in poor overall system performance due to the possibility of rain fading [36].  

       Rainfall modelling primarily takes into account two microstructural characteristics of rainfall: rain 

intensity and rain drop size. Rainfall rate and rain drop size distribution are frequently measured as part of 

the modelling process, which necessitates accuracy and precision. Measurement is a crucial tool for 

capturing, comparing, verifying, and calibrating valuable data acquired from single devices or a network of 

sensors. These parameters can be measured using any of the instruments indicated by [39], [37]:  

 Rain gauge  

  Radiometer  

 Radar  

 Disdrometer  

       The radar has been described as the best of the three devices in terms of accurate attenuation estimate 

and profiling of rain microstructure along a propagation route. The radar works using reflected wave energy, 

but it's expensive to deploy and calibrate. [39]. For the simulation of slant path attenuation, the radiometer 

is employed.  
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     The rain gauge, on the other hand, is the most popular and extensively used instrument in rain 

attenuation research, and it is being employed in huge numbers to create a rain gauge network for collecting 

rainfall data at many sites simultaneously [39]. The tipping bucket rain gauge and the capacitor rain gauge 

are the two most common types of rain gauges [37]. The tipping bucket rain gauge, on the other hand, has 

remained considerably more popular due to its precision and accuracy [47]. The integration time is a 

quantity obtained from the interval of tips of a tipping bucket rain gauge, which is the number of times the 

gauge empties water accumulation to begin another measurement. It's also known as the rainfall rate's time 

resolution. Rainfall rate information is more accurate and precise when the integration time is shorter. As a 

result, higher integration times must be converted to lower integration times, such as 60 minutes to 30 

seconds.  

     The disdrometer is primarily used to precisely monitor rainfall droplets, intensity, and, in certain cases, 

shape profile along a propagation path. Impact disdrometers, video disdrometers, and optical disdrometers 

are the three main forms of disdrometers [39] [48]-[50]. The raindrop impact on the topmost cone of the 

impact disdrometer is measured using pressure-based transducers. The optical disdrometer makes 

advantage of the “make-and-break” activity of the laser spectrum by rainfall droplets, while the video 

disdrometer uses the motion detecting characteristics of video technology to ‘count' the number of rainfall 

drops [49], [50].  

     Independent distribution models must be constructed using rain intensity and rain-drop size data in 

order to compute suitable statistical findings from rain models. Over the duration, a lot of research has been 

done, notably on the works of [39] [51]-[56] have produced commendable outcomes in a variety of parts 

of the world. The ITU-R recommendations [15], [57] have also aided in the designation of different regions 

of the world as fixed climatic zones, each with its own rainfall rates and impacts on raindrop size. 
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2.12 Rain Intensity Distribution Models 

Rainfall intensity is a metric that is measured in millimeters per hour (mm/h) and is expressed as an intensity 

per time scale. The gathering of relevant data from rain gauges, or better yet, rain gauge networks, is 

required for rain intensity modelling for communication systems. Because rainfall within a limited location 

might fluctuate in a typical severe rainstorm situation, causing rain cells to develop, the rain gauge network 

technique is frequently used to solve numerous distribution points for moving rain cells. The rain gauge is 

used to determine the intensity of point rainfall, which is rain that falls along a propagation route profile. 

     It is sometimes essential to convert rainfall integration time received from a tipping bucket rain gauge 

to an appropriate integration time. Rain data integration times of 30-seconds and one-minute were 

recommended by [47] and [58] as appropriate conversion values from the usual 60-minute integration 

period. In addition, [56] recommended the use of a one-minute integration period in microwave link designs 

as the optimum for determining rainfall attenuation.  

     Several rain intensity models have evolved throughout the years, and they have shown to be effective 

in solving both localized and regional problems related to rainfall attenuation. Researchers are interested in 

investigating rainfall using a statistical application of the CDF and probability distribution function (PDF). 

The usage of CDFs and PDFs in rainfall rate modelling is based on the fact that they may be used to get 

values by interpolating or extrapolating at locations within the function. In addition, the CDF may be used 

to calculate the amount of time rainfall is surpassed for 0.01 percent of the time, also known as 𝑅0.01. This 

number is utilized in the design of a microwave link's fade probability. [39].  

     For microwave and millimetre link design, several rain rate models  [36], [39], [58], [59] are employed. 

The most common models are as follows:  

 The ITU-R P.837 rainfall rate model.

 The Global Crane rainfall rate model.

 Moupfouma I and Moupfouma II rain rate models.

 Gamma rainfall rate model.

 Lognormal rainfall rate model.
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2.12.1 The ITU-R P.837 Rain Intensity Model  

The ITU-R model divides the global rainfall distribution into 15 zones: A, B, C, D, E, F, G, H, J, K, L, M, 

N, P, and Q. ITU-R Recommendation P. 837-1 to P. 837-4 [59] provides the basis for the ITU-R model.     

       The projected rainfall rates provided by ITU-R for different zones are shown in Table 1 and Figure 4. 

In order to calculate rainfall attenuation levels, the model uses equations from ITU-R Recommendation 

P.838.  

Table 1: ITU-R Model values for the 15 different rain zones around the World [59] 

 

 

Figure 4: ITU-R rain-rate model for different parts of the world [59] 
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2.12.2 The Global Crane Rain Intensity Model 

Rain fading from various regions of the planet is estimated using the global Crane rain rate model [37], 

[55]. Crane was able to come up with these Figures by gathering rainfall data from around the world and 

estimating the rain attenuation. The world's rainfall patterns are divided into 12 zones in this model: A, B, 

B1, B2, C, D1, D2, D3, E, F, G and H. As a result, the global Crane model is similar to the ITU-R model, 

with the exception that it uses 12 rainfall areas rather of the ITU-15. R's the zonal rainfall exceedances for 

various areas of the world are shown in Table 2 and Figure 5. 

     The Crane model also utilizes equations similar to ITU-R guideline [15] that are derived from [52] to 

compute the particular attenuation when computing the other parameters for rain intensity attenuation. 

Table 2: The Global Crane Rain intensity Model [58] 

Figure 5: Global crane rain rate model for different parts of the world  [58] 
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2.12.3 Moupfouma I and Moupfouma II rain rate Models  

Based on Moupfoumas’ radio tests in Congo, a tropical location [53], [60] created a rainfall rate model. 

The semi-empirical rainfall rate function is considered in the first rainfall rate model (or Moupfouma I): 

𝑃(𝑅 ≥ 𝑟) =  𝑎𝑟−𝑏 exp(−𝑢𝑟) , 𝑟 ≥ 2𝑚
𝑚

ℎ
                             (14) 

where 𝑟 is the rainfall rate in mm/h. The parameters 𝑎 and 𝑏 both 𝑅0.01 dependent and are given as: 

𝑎 =  10−4𝑅0.01
𝑏exp (𝑢𝑅0.01)                                                 (15) 

And,  

𝑏 =  8.22𝑅0.01
−0.584

                                        (16) 

       For most regions of the world, the slope of the function, 𝑢, is provided as 0.025, as recommended by 

Moupfouma. [61] created the modified Moupfouma model (or Moupfouma II) as an improved version 

based on the inadequacies of Moupfouma I  [39], [53], [60].  Because of its reaction to low and high rain 

intensities, the model is suited for tropical climates [61]. When R 0.01 is known, rainfall CDFs may be 

utilized to forecast rainfall intensities, according to their research [39], [40]. This is expressed as: 

𝑃(𝑅 ≥ 𝑟) = (
𝑅0.01+1

𝑟+1
)𝑏1  ∙ 𝑒[𝑢1 (𝑅0.01−𝑟)]−log𝑒(104)             (17) 

where r in mm/h represents the exceeded rain rate during time P and 𝑏1 is governed by the shape of the 

rainfall rate and it is described as: 

𝑏1 = (
𝑟−𝑅0.01

𝑟+1
) ∙ ln(

𝑟+1

𝑅0.01
)                                 (18) 

       The numbers for 𝑢1 are the slope of the rain CDF, which varies according on the climate area. For 

tropical and temperate zones, several values of 𝑢1 exist [39] and are presented as: 

𝑢1 =
ln(104)

𝑅0.01
exp [−𝜆(

𝑟

𝑅0.01
)𝛼]                                  (19) 

where this function corresponds to geographical features of a tropical location with 𝜆 = 1.066 and 𝛼 = 0.214. 

For temperate zones, the function is given as: 

𝑢1 =
ln(104)

𝑅0.01
×

1

(1+ 𝜂(
𝑟

𝑅0.01
)𝛽)

                             (20) 

where 𝜂 and 𝛽 are 4.56 and 1.03 respectively. 
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2.12.4 Gamma Rainfall Rate Distribution Model  

Researchers in  [53] and [62] found the gamma probability function for rainfall rate as a suitable function 

for predicting high rainfall rates. The gamma probability function, as described in [63] and [64], was used 

in recent rainfall investigations by [46], [65]: 

𝑓(𝑟) =
 𝑟  𝛼−1 exp(−𝑟/ 𝛽)

 𝛽 𝛼Γ(𝛼)
         𝑓𝑜𝑟   0 ≤ 𝑟 ≤  +∞, 𝛼 > 0, 𝛽 > 0           (21) 

where 𝛼 and 𝛽 are the input parameters of 2.26 to be determined by point estimation technique [66].  

       At high rainfall rates, the gamma function exhibits a fast declining characteristic, which is comparable 

to the behaviour of probability functions for rainfall rate. As a result, it performs effectively in areas with a 

lot of rain. 

2.12.5 Lognormal Rainfall Rate Distribution Model  

As explained in [53] and [62], the lognormal probability function is a distribution used to estimate low 

precipitation rates. The lognormal function used in recent research [46], [65] is as follows: 

𝑓(𝑟) =  
1

𝑟𝜎 √2𝜋
exp[

−[ln(𝑟)−𝜇]2

2𝜎2 ]     0 ≤  𝑟 <  +∞,         (22) 

where 𝜇 and 𝜎 are the standard mean and standard deviation of the whole population of rainfall samples are 

and respectively.  

       At low rainfall rates, the lognormal function, like a usual probability function for rainfall rate, provides 

extremely excellent predictions. As a result, it is effective in areas when rainfall is minimal. 

2.13 Rainfall Attenuation Estimation and Prediction 

2.13.1 Specific Attenuation Prediction 

As a result, the total attenuation, 𝐴𝑇, experienced by a forward traveling electromagnetic wave interacting 

in a wet medium is a function of an exponential factor as the distance, d, increases. [45], [67] offer this 

expression for the attenuated wave component: 

𝐴𝑇 =  𝑒−𝛾𝑑                                    (23) 

where γ is the propagation constant, and its unit is the inverse of the distance unit, d. The decibel factor is 

used to obtain an appropriate amplitudinal level for the wave component, resulting in (23) becoming: 

log10(𝐴𝑇) = 10 log10
1

𝑒−𝛾𝑑                                        (24) 
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This expression is reduced to: 

𝐴𝑇 = 𝛾𝑑 × 10 log10 𝑒  [𝑑𝐵]                                         (25) 

where 𝑒 is a Napierian type logarithm constant equal to 2.718281828. The derived attenuation, commonly 

known as the route attenuation, is calculated from (25): 

𝐴𝑃 = 4.343 𝛾𝑑   [𝑑𝐵]                                   (26) 

which can otherwise be written in dB/km as: 

𝐴𝑃 = 4.343 × 103 𝛾   [𝑑𝐵/𝑘𝑚]                                       (27) 

       In [45] the propagation constant across an averaged route in a rainy medium is defined as 𝛾 =

𝑁(𝐷)𝑄𝑒𝑥𝑡(𝐷) and 𝑄𝑒𝑥𝑡(𝐷) is the extinction cross section of the rainfall droplets at the plane of arrival. 𝛾 

is defined as for an unlimited number of rain drops of diameter 𝐷: 

𝛾 = ∫ 𝑁(𝐷)𝑄𝑒𝑥𝑡(𝐷) 𝑑𝐷
∞

0
                                (28) 

By substituting the function of γ in (27), another expression is derived and this is given by: 

𝐴𝑃 = 4.343 × 103  ∫ 𝑁(𝐷)𝑄𝑒𝑥𝑡(𝐷) 𝑑𝐷
∞

0
  [𝑑𝐵/𝑘𝑚]            (29) 

       Equation (29) is the expression representing the specific attenuation due to rainfall droplets and 𝑁(𝐷) 

is the rain drop-size distribution. 

2.13.2 Path Attenuation Prediction 

In signal transmission, rain attenuation is a critical factor. It differs from area to region since it is strongly 

influenced by local rainfall patterns. Since then, researchers have developed two rain factors that may be 

used to calculate attenuation. The following is a definition of rainfall path attenuation: 

𝐴𝑃 [𝑑𝐵] = 𝐹 (𝑟𝑎𝑖𝑛 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦, 𝑟𝑎𝑖𝑛 𝐷𝑆𝐷, 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦, 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒, 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒)    (30) 

       As seen above, (30) is a heterogeneous quantity that depends on characteristics like particular 

attenuation, radio link channel length, volume density of rainfall drops, and the horizontal-vertical cross-

section of the rainfall under consideration. Rain attenuation may be modelled in three ways: physically, 

theoretically, and experimentally [37], [47], [61]. The connection between particular attenuation, 

propagation or link path length, and reduction factor is defined via a simple modelling process. Rainfall 

route attenuation in relation to rainfall specific attenuation may be calculated mathematically using the ITU-

R standard [57] as follows: 
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𝐴𝑃 (𝑑𝐵) =  𝐴𝑠  × 𝑟 × 𝑑   [𝑑𝐵]                           (31) 

where 𝐴𝑠 denotes the specific attenuation in decibels per kilometer, r denotes the reduction factor, and d is 

the length of the link line in kilometers. [52] Also proposed that the rain-rate is connected to the specific 

attenuation (𝐴𝑠) via a power-law connection:  

𝐴𝑠 = 𝑘𝑅𝛼
0.01        [𝑑𝐵/𝑘𝑚]                   (32) 

      For a particular model of the rain microstructure, k and α depend on the wave frequency and 

polarization. They are derived from the following equations:  

𝑘 = [𝐾𝐻 + 𝐾𝑉 + [𝐾𝐻 −  𝐾𝑉] cos2 𝜃 cos 2𝜏]/2                          (33) 

      In ITU-R P.838 [15], 𝐾𝐻  and 𝐾𝑉  are the corresponding polarization values in horizontal and vertical 

polarization. Also, 𝜏 and 𝜃 are the link's tilt angle and elevation angle, respectively, and are linked to α as 

shown in 34: 

𝛼 =
1

2𝑘
{𝐾𝐻𝛼𝐻 + 𝐾𝑉𝛼𝑉 + [𝐾𝐻𝛼𝐻 − 𝐾𝑉𝛼𝑉] cos2 𝜃 cos 2𝜏}                   (34) 

where 𝜏 is the polarization tilt angle relative to horizontal and 𝜃 is the path elevation angle. Circular 

polarization is usually believed to be 45 degrees. Appendix A-2 shows the various values of 𝑘 and 𝛼 in (32) 

for various frequencies and polarization schemes. 

2.13.3 Path Reduction Factor and Rain Cell Effects  

Signals traveling through rainfall encounter various degrees of rainfall intensity, according to the preceding 

discussion on rainfall cells in section 2.5.2. The configuration of the rain cells will determine the strength 

of the rainfall. The path reduction factor is used to estimate the actual length of the transmission path, 𝑑0, 

as a result of this [58], [68], [69] Figure 6 illustrates this Authors have argued that rainy convective cells in 

the tropics may have a bigger cell diameter and so do not require path reduction; as a result, various route 

length reduction models have been developed [68], [69] . 

       Some of the route reduction factor models that have been presented are as follows:  

 Path reduction model found in [53]. 

 The path reduction model proposed in [57]. 

 Path reduction model found in [70]. 

 The CETUC model proposed in [71]. 

 



LITERATURE REVIEW  CHAPTER 2 

 

 

 28 

 

 

Figure 6: Actual link distance and actual rainfall distance [58] 

       To calculate the variance in transmission path length, these models use the rain cell theory and the 

rainfall growth concept. 

2.14 Rainfall Effects in South African Areas 

The southernmost point of the African continent is South Africa [72]. Namibia, Botswana, Zimbabwe, 

Swaziland, and Mozambique are its five neighbours. The nation is divided into five rainy zones based on 

the terminology of the ITU-R recommendation [59], E, F, K, L, and M. Figure 7 depicts a map of South 

Africa showing some of the country's major cities.  

 

Figure 7: Map showing South Africa region and the surrounding countries [73] 
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       South Africa offers a diverse range of climatic conditions; for example, coastal areas influenced by the 

Indian and Atlantic seas are primarily wet. The hinterland, on the other hand, is mostly dry throughout the 

summer and occasionally sees snowfall during the winter. Of addition, the climatic conditions in South 

Africa are highly influenced by seasonal cycles. According to [74], South Africa has four distinct seasons:  

(i) Summer, which lasts from December to February. 

(ii) Autumn, which lasts from March to May.  

(iii) Winter, which lasts from June to August.  

(iv) Spring, which lasts from September until November. 

       The fluctuation in rainfall and other hydrometeors throughout the year is primarily determined by these 

four seasons. The maximum rainfall incidence in South Africa, on the other hand, is generally concentrated 

during the spring and summer [74], [75]. 

2.15 Chapter Summary 

This chapter contains a short overview of OWC as well as a survey of existing relevant work. OWCS 

features and application areas were also discussed. The transmitter, atmospheric channel, and receiver were 

all investigated as key components of the OWCS. In addition, the background research regarding the 

propagation of microwave and millimetric waves for terrestrial communication are the focus of this chapter. 

Rainfall has been recognized as the most important factor in hydrometeor-induced attenuation in microwave 

and millimetric communication systems. As a result, the focus of this chapter's discussions has been on the 

microstructure and mechanics of rainfall events in wave propagation. The use of various analytical, 

statistical, and empirical functions to characterize rainfall intensity was evaluated in a review of rainfall 

research. It is demonstrated that any of the models described may forecast rainfall attenuation, but with 

values particular to regional meteorological circumstances.  

The rain attenuation for Durban was easily modelled and predicted thanks to background research 

on the power-law equation (1) and the Japan and Charbonneau's models. The work in section 2.10 provided 

more information and a better understanding of how to determine the intensity of rain and derive its 

equation. A closer analysis of various rain intensity models was conducted, which resulted in a better 

understanding of those models and made it simpler to select the most appropriate model for this study, as 

shown in the remainder of the report. Finally, the climatic region of South Africa, as well as its distinct 

rainfall features, were briefly examined. The materials used in accomplishing the required tasks are 

described in the next chapter. It also goes through the methodological steps involved in gathering and 

analyzing the data. In the next chapters, we'll look at the modelling process and the outcomes of rainfall 

measurements obtained in Durban.
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CHAPTER 3 

RESEARCH EQUIPMENT AND METHODOLOGY 

3.1 Introduction 

This chapter will discuss the measurement tools, measurement set-up and well as the data extraction 

methods, for both Optical Power Meter and the disdrometer. Different models used in this dissertation are 

presented in this chapter. They include models for the disdrometer and the FSO Link margin. In 

investigation for rain attenuation modelling for OWC links in the city of Durban, South Africa, the power 

law model is used. The FSO link losses and fade margins are also discussed/derived, and the process/steps 

followed in obtaining the results is discussed as the chapter concludes. 

3.2 Equipment for Fiber Optic to Electrical and Electrical to Fiber Optics Converters 

The measurement setup requires two computers, each displaying the data for each transceiver, as illustrated 

in Figure 8. The Gigabit Ethernet Media Converter, which is utilized as an electrical-to-fiber optic converter 

or a fiber optic-to-electrical converter, is shown in Figure 9. The Ethernet cable C85 with an RJ45 connector 

on the right (R) is used for sending or receiving electrical signals. The fiber cable with LC connection on 

the left (L) in Fig. 2 is responsible for receiving or sending fiber optic signals. Figure 10 the shows the 

powering box, that is used to power both transceivers that are shown in Figure 11, as well as the 

communication interface between the signal sent by the PC and the transceivers. The power box can be 

simply switched on and off when using the transceivers or not. It also important to remember to close the 

to avoid water getting inside and possibly damaging the equipment. 
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Figure 8: Current set up and equipment used for FSO link infrared signal level measurement Network 

Figure 9: Electric to Fiber Optic Convert OR Fiber Optic to Electrical Converter 

Figure 10: Transceiver Powering Box 
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Figure 11: Transceivers Used and the link distance of 7 meters between them 

 

The two transceivers are 7 meters apart, as shown in Figure 11. The transceiver labelled T is used as 

the transmitter, while the one labelled R is used as the receiver. Signal transmission is carried out using 

infrared lasers, which are efficient and reliable. Lasers with an optical wavelength of 850nm are utilized for 

transmission. The transceiver uses the Avalanche Photodiode Detector (APD), which is a highly sensitive 

device, to detect the signal.  

3.3 Overview of the Optical Power Meter 

Basically, the optical power meter, is a graphical user interface (GUI) used to measure the power in an 

optical signal, or a device for testing average power in fiber optic systems. The basic operation of the OPM 

is to monitor and save the measurement of the power meter, whether it be power, current, irradiance, 

temperature, etc. The OPM also provides an analysis and data viewing interface and simple configuration 

of the measured data. The OPM also has a built-in software that provides continuous data logging. The 

OPM has a long-term measurement or short-term measurement option, with high resolution short-term 

measurements recorded by the software. However, it is possible to load the files saved by the OPM into the 

OPM Data Viewer, which can then be accessed and analysed. The OPM also offers different ways to 

interpret the collected data and also allows the user to switch between any parameters at any time [76]. 
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3.3.2 OPM Data Logger 

Table 3 shows the sample of the values that were logged on the 15th of December 2019. It shows how the 

values that are used to obtain the relationship between attenuation and the power received for specific time 

and also the rate of rainfall, are obtained. The most important value is the power (dBm), which is the power 

value recorded at a certain time, and it is used to get the attenuation for that time. 

Table 3: Logged data values sample 
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3.4 Disdrometer Measurement Setup 

To analyse the fluctuation of signals based on different weather conditions, such as clear weather, fog, and 

rain, weather data is commonly used. A disdrometer is a device that measures the size of raindrops as well 

as the rainfall intensity. The velocity and size of each particle in each drop are calculated and recorded. The 

disdrometer used is the Vaisalla RD-80 which captures drop size measurements using a personal computer. 

The disdrometer detects the size distribution of raindrops falling on the sensor's sensitive surface. Using 

this information, it is possible to calculate the actual drop size distribution in a volume of air [77]. 

       The diameters of the raindrops that can be measured range between 0.3 and 5.4 millimetres. Drops 

smaller than 0.3 mm cannot be measured due to the measuring equipment’s practical limits, and are 

normally of minimal relevance in the applications for which the device is designed. Due to the volatility of 

big drops, which promotes drop break-up, drops larger than 5.4 mm are extremely rare [77]. 127 drop 

diameter channels are distinguished by the RD-80. To limit the amount of data and get statistically relevant 

samples, the 127 drop size channels are re-grouped into 20 drop size groups that are spread more or less 

exponentially over the available spectrum of drop sizes. The translation into 20 classes is handled by the 

data logging software. As a result, every 30 seconds, the raindrop diameter and intensity are monitored, 

allowing them to be stored and presented on the PC screen as seen in table 3 [77]. 

 

Figure 12: Disdrometer Display 

       The first column in Figure 12 displays the sampling time intervals, which in this case vary by 30 

seconds; the second column indicates the number of drops measured in each drop size class (class 1-20) 

during time interval t, which in this case is 30 seconds. The last two columns show R, which is the intensity 
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at which the drops hit the Styrofoam (in mm/h), and the rainfall accumulated, RT (in mm), the real-time 

cumulative weight of the drops every 30 seconds.  

       The results in Fig. 30 are used to calculate the rain intensity by using the following formula [77]: 

𝑅 =  
𝜋

6
∙

3.6

103 ∙
1

𝐹∙𝑡
∙ ∑ (𝑛𝑖 ∙ 𝐷𝑖

3)20
𝑖=1  [

𝑚𝑚

ℎ
]                                  (35) 

where F is size of the sensitive surface of the sensor, which is equal to 0.005 𝑚2; t is time interval for data 

logging; 𝑛𝑖 is the number of drops measured in drop size class i during time interval t and 𝐷𝑖 is the average 

diameter of drops in class i, see appendix A-2.  

       Equation (35) is used to calculate the rain intensity [77]. Figure 12 shows measured values in Tab-

delimited ASCII format, which can be imported into other programs, like spreadsheet programs, for further 

analysis. 

3.5 FSO Link Losses and Fade Margin 

For the FSO link in question, the link parameters are shown in Table 4. For a line-of-sight link, the free 

space loss is given by: 

𝐹𝑆𝐿 = 10 𝑙𝑜𝑔10(
4𝜋𝑑

𝜆
)2 = 20 𝑙𝑜𝑔10(

4𝜋𝑑

𝜆
)                            (36) 

       Substituting d, the distance between the transceivers, which in this case is 7 m, and the free space 

wavelength of 850 nm, the FSL is determined to be: 

𝐹𝑆𝐿 = 20 𝑙𝑜𝑔10 (
4𝜋(7)

(850×10−9)
) = 160.3 𝑑𝐵                            (37) 

       Now, the actual received signal level at the FSO receiver is determined from: 

𝑃𝑟 = 𝑃𝑡 + 𝐺𝑇 + 𝐺𝑅 − 𝐹𝑆𝐿 − 𝐹𝐿 − 𝑂𝐿 − 𝐸𝐿                                           (38) 

where 𝑃𝑟 is received signal level 𝑃𝑡 is transmit signal level, both in dBm, 𝐺𝑇 is transmit lens gain, 𝐺𝑅 is 

receive lens gain, 𝐹𝐿 is the total feeder (system) loss, 𝑂𝐿 is optical loss, all in dB, 𝐸𝐿 is excess loss, which 

covers scintillation, atmospheric loss, and fog loss. 
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Table 4: PARAMETERS FOR FSO SYSTEM 

Parameter Value 

Wavelength 850, 950, and 1550 nm 

Transmit Power 16 dBm (40 mW) 

Light Source Laser 

Receiver Sensitivity -38 dBm

Transmit and Receiver Systems losses 2 dB 

Receiver Aperture Diameter 16 cm 

Eye Safety Class 1M 

Receiver Field of View 10 mrad 

Detector Avalanche Photodiode (APD) 

Transmit Beam Divergence Angle 2.8 mrad 

Data Rate 1.25Gbps 

 Thus, 𝑃𝑡 is 16 dBm. And the lowest allowable value for 𝑃𝑟 or 𝑃𝑟𝑚𝑖𝑛 is -38 dBm. 

𝐺𝑇 = 20 log10 (
126.491

𝜃
)  (39) 

where 𝜃 is the transmit beam divergence angle in radians, which is given as 2.8 mrad is this case, hence: 

𝐺𝑇 = 20 log10 (
126.491

2.8×10−3
) = 93.1 𝑑𝐵  (40) 

 For a lense of diameter D, which is 16 cm in this case, the gain of the receive lens is given by: 

𝐺𝑅 = 20 log10 (
31.623𝜋𝐷

𝜆
)  (41) 

Hence: 

𝐺𝑅 = 20 log10 (
31.623𝜋(0.16)

(850×10−9)
) = 145.4 𝑑𝐵  (42) 

      FL is given in Table 4 as 2 dB. The geometric or optical loss, 𝑂𝑆, is caused by the optical beam 

diverging from its path. For this link with d=7 m, this loss is given by: 

𝑂𝐿 = 20 log10 (
𝐷

𝑑𝜃
) = 20 log10 (

0.16

7(2.8×10−3)
) = 18.2𝑑𝐵  (43)
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       Therefore, after substituting all the above calculated values, 𝑃𝑟 is given by: 

𝑃𝑟(𝑑𝐵𝑚) = 74.2 (𝑑𝐵𝑚) − 𝐸𝐿 (𝑑𝐵)                                   (44) 

Note that 𝐸𝐿 can then be determined from link measurements. 

3.6 Method 

The power received in dBm, shown in table 3, will be subtracted from the maximum received power during 

a clear event, to get the attenuation. That attenuation will then be divided by the distance between the 

transceivers (in km) to get the specific attenuation. The disdrometer results, as shown in Figure 12, are then 

saved in a certain folder, after every 24 hours. These results will be accessed to get the rain intensity in 

mm/h, as well as the diameter of each raindrop in mm. Microsoft Excel will then be used to plot the 

relationships between specific attenuation vs. rain intensity, raindrop diameter vs. rain intensity, etc. as will 

be discussed in the following chapters. 

3.7 Summary 

In summary, this chapter presents, the measurement tools, set-up, OPM hardware, software and or GUI. 

This was broken down into different sections to give a clear definition of how the OPM is used, the data 

extraction methods and data loggers. The OPM data logger in table 3 shows the power (dB) that will be 

used to calculate the attenuation, as will be discussed in chapter 5. Figure 12 shows the disdrometer data 

logger with the rain intensity values. The equation for determining the Optical Link Margin is also 

presented. Finally, the procedure that will be used to perform the task, which is get the results and the 

relationships, is explained. 
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CHAPTER 4 

RAIN INTENSITY AND RAIN DSD MODELING FOR DURBAN 

4.1 Introduction 

Rainfall is a significant fading factor for several radio propagation paths, particularly millimetric wave and 

microwave line-of-sight links. Raindrops absorb and scatter radio waves at microwave and millimetric 

frequencies, resulting in signal attenuation and a degradation in system availability and reliability [78]. In 

this chapter, the rain intensity and rain drop-size distribution modelling will be discussed. These two are 

one of the major parameters that are needed for the accurate rain attenuation. The drop size and rain intensity 

measurement were recorded using a RD-80 disdrometer in Durban. These measurements were done for the 

period of 6 months (August 2019 – January 2020). During rainy season, which in Durban is spring and 

summer that occurs between September and February, where most of the results were collected the rainfall 

intensity (R) is separated into four rainfall types. These types are based on the highest occurring rainfall 

intensity. The events are drizzle (0 mm/h < R < 5 mm/h); widespread (5 mm/h ≤ R < 10 mm/h); shower (10 

mm/h ≤ R < 40 mm/h); and thunderstorm (R ≥ 40 mm/h). This section focuses on the rain intensity and 

drop-size distribution in Durban. 

       Rain drop-size measurements were collected with a Joss and Waldvogel disdrometer, RD-80, as 

mentioned before, and it can be seen in figure 13-14. The disdrometer has a sensor, which is located outdoor 

and is exposed to rain; it has a processor, around 10 meters long cable that connects the sensor and the 

processor, and the indoor computer unit. The RD-80 converts the mechanical momentum of falling drops 

into electrical pulses using the electromechanical sensor. The processor has a circuitry to eliminate the 

signal that is unwanted, mostly due to an acoustic noise and produces a 7-bit code at the output for every-

drop hitting the sensitive surface of the sensor [77]. The disdrometer has 0.005𝑚2 of sampling area with 

an accuracy of +/-5% and a 127 drop-size classes resolution. It collects raindrops sizes with a diameter 

ranging between 0.359 and 5.373 mm [77]. 
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Figure 13: Disdrometer RD-80 block diagram [8] 

Figure 14: Disdrometer RD-80 Schematic Diagram of configuration [8] 

     From figure 13-14, the Ethernet link is used to send the signal from the outdoor to the indoor unit, 

where it undergoes signal processing algorithms to compute the required real-time rainfall parameters. The 

data that is generated from the indoor unit, is then archived to the microcomputer using the propriety 

software in a readable format file where it can be accessed for later use. The Joss and Waldvogel RD-80 
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disdrometer is installed at the rooftop, in Durban, University of KwaZulu-Natal, at the School of Electrical, 

Electronic and Computer Engineering.  

       A total of 31 451 rainfall events were recorded. Based on the recommendation of filtering and 

processing of disdrometer data, the rainfall events with a total sum of drops less than 10 were removed from 

the samples [78]. A total of 16845 samples were filtered and analysed throughout the measurement period, 

and they are classified into monthly (August 2019 to January 2020) and seasonal (winter, spring and 

summer) categories in Table 5. 

 

Table 5: INFORMATION OBTAINED FROM RD-80 DISDROMETER FOR THE PERIOD OF MEASUREMENT 

CATEGORY 
NUMBER OF SAMPLES 

FILTERED 

MAXIMUM RAINFALL 

INTENSITY 

(mm/h) 

Research Period 16 845 158.2707 

 MONTHLY  

August 647 6.1600 

September 1 141 86.2537 

October 3 119 101.9721 

November 9 492 158.2707 

December 2 251 81.8786 

January 195 50.6797 

 SEASONAL  

Winter 647 6.1600 

Spring 13 752 158.2707 

Summer 2 446 81.8796 

 

4.2 Rain Intensity Modeling 

The ITU-R recommends aiming for 99.99 percent system availability when developing a microwave link; 

as a result, the rainfall rate (R0.01) in the region of interest must be determined for 0.01 percent of the time. 

The statistical information obtained is based on the rainfall intensity CDF in Durban, South Africa. The 

analysis is done based on seasonal and monthly rainfall intensity using the above disdrometer data between 

August 2019 and January 2020. 
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4.2.1 Monthly Distribution 

Figure 15-20 shows the monthly cumulative rainfall intensity distributions in Durban, South Africa, for 

each month. Table 6 shows the percentage exceedances of rainfall intensity at 0.01 %, 0.1 %, 1 %, and 

10%, as determined from Figure 15-20. November has the highest rainfall intensity, with R0.01 = 120 

mm/h, while August has the lowest, with R0.01 = 6 mm/h. In general, as indicated in Table 6, monthly 

rainfall intensity values R0.01 in Durban are highest from September to November, i.e., during the spring 

season. Winter has an extremely low rainfall intensity value of R0.01, which is due to the fact that there is 

almost no rain in Durban during that time of year. According to these findings, the wettest months in Durban 

are October and November. 

 

Figure 15: Rain Intensity profile for August 2019 

 

 

Figure 16: Rain Intensity profile for September 2019 



RAIN INTENSITY AND RAIN DSD MODELING FOR DURBAN  CHAPTER 4 

 

 

 42 

 

 

Figure 17: Rain Intensity profile for October 2019 

 

Figure 18: Rain Intensity profile for November 2019 

 

Figure 19: Rain Intensity profile for December 2019 
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Figure 20: Rain Intensity profile for January 2020 

Table 6: Monthly Statistics of Rainfall Intensity exceeded in mm/h 

Monthly 
Percentage of time rain intensity is exceeded (%) 

0.01 0.1 1 10 

August 6.85 mm/h 3.85 mm/h 1.5 mm/h - 

September 56 mm/h 14.5 mm/h 4.5 mm/h 1.1mm/h 

October 82 mm/h 14 mm/h 5 mm/h 1.2 mm/h 

November 119 mm/h 46 mm/h 11.5 mm/h 2.2 mm/h 

December 46 mm/h 9 mm/h 2.4 mm/h 1.2 mm/h 

January 45 mm/h 9 mm/h 1.5 mm/h - 

4.2.2 Seasonal Distribution 

Figure 21 shows the seasonal cumulative rainfall intensity distribution throughout the same measurement 

period. Figure 21 shows that the maximum seasonal rainfall intensity values of R0.01 occur in the spring, 

followed by the summer and winter seasons, respectively. 
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Figure 21: Seasonal Rain Intensity profile for period of experiment 

     The rainfall intensity exceedance for the spring season at R0.01 is 119 mm/h, according to Figure 21. 

R0.01 is 68 mm/h in the summer and 6.85 mm/h in winter, respectively. Table 7 summarizes the seasonal 

rainfall intensities for 0.01 %, 0.1 %, 1 %, and 10% of time, respectively.  

Table 7: Seasonal Monthly Statistics of Rainfall Intensity exceeded in mm/h 

Seasonal Percentage of time rain intensity is exceeded (%) 

0.01 0.1 1 10 

Winter 6.85 mm/h 3.85 mm/h 1.5 mm/h - 

Spring 119 mm/h 47.5 mm/h 14 mm/h 2.5 mm/h 

Summer 68 mm/h 24 mm/h 4 mm/h 1.2 mm/h 

4.3 Rain DSD Modeling 

In this section the relationship between DSD and rain intensity is discused. From the disdrometer data, the 

rainfall drop-size distribution, can be determined using the equation given as:  

𝑁(𝐷𝑖) =  
𝐶𝑖

𝐴×𝑇×𝑣(𝐷𝑖)×∆𝐷𝑖
 [𝑚−3𝑚𝑚−1]  (45) 

where A is Sampling area = 0.005 𝑚2, Sampling Time (30 seconds), 𝐶𝑖 is a number of raindrops available

at the ith diameter bin, 𝐷𝑖 is average diameter of the ith bin, 𝑣(𝐷𝑖) is fall velocity, and ∆𝐷𝑖  is diameter 

interval of the raindrops. 

     The following figures 22-30 shows the relationship between the rain drop-size distribution and the rain 

intensity for different seasons, and also the months during the experimental period:  
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Figure 22: Rain DSD profile for winter season 

Figure 23: Rain DSD profile for spring season 

Figure 24: Rain DSD profile for summer season 
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Figure 25: Rain DSD profile for August 2019 

Figure 26: Rain DSD profile for September 2019 

Figure 27: Rain DSD profile for October 2019 
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Figure 28: Rain DSD profile for November 2019 

 

Figure 29: Rain DSD profile for December 2019 

 

 

Figure 30: Rain DSD profile for January 2020 
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4.4 Chapter Summary 

In this chapter, disdrometer data collected in Durban, South Africa between August 2019 and January 2020 

have been used to model the rain intensity, and DSD. From the rain intensity modelling, R0.01 for different 

months and seasons was determined, as shown in figures. During this period, there was a presence of 

different rainfall events, which are drizzle, widespread, shower and thunderstorm rainfall event. The results 

for DSD profile shows that most rain was drizzle, widespread and some shower, there was not much 

thunderstorm. The next chapter focuses on the results and analysis of the effect of rain in the optical signal 

received. 
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CHAPTER 5 

RESULTS AND ANALYSIS 

5.1 Introduction 

In this chapter, rain attenuation will be determined and OWC link performance predicted for Durban, South 

Africa. Between August 2019 and February 2020, the power meter recorded the power signal level from 

the transceiver. Durban receives regular rain between October and March, according to the South African 

Weather Service (SAWS), with 100 mm or more of precipitation, as seen in Figure 31 [78]. The wettest 

month is January; however, the results for January were not fully obtained because the equipment was off 

for most of the early January days. Heavy rainfall was recorded during the months of October and 

November, according to the data. The majority of the measurements used in this study were performed 

during rainy days to establish the relationship between the amount of power received and the rain intensity. 

As a result, the atmospheric attenuation of the FSO link is measured in terms of rain intensity, which is 

obtained using the disdrometer and expressed in mm/hr. The received power was measured using a Thorlab 

PM100 optical power meter, which was used to connect the FSO receiver to the computer. While 

transmitting signal over the FSO link, the rain intensity and power received at the receiving transceiver 

were recorded daily at a 30 second interval. 

 

Figure 31: Average rainfall accumulation for Durban over the year 2019 [38] 

       As mentioned at the start of this section, the data was gathered over a six-month period that 

encompassed three distinct seasons. The rain does, in fact, affect the attenuation of the optical signal, as 
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seen in the time series in Figures 33-42. It is further demonstrated that this attenuation is not just caused by 

rain, but also by other factors such as scintillation and fog. In comparison to rain, these variables appear to 

be producing higher attenuation. In the following sections, the connection between rain intensity and 

attenuation is plotted and reported. 

5.2 Time Series of Rain Intensity and Received Optical Power 

During the research period, the rain intensity time series and the corresponding optical received signal time 

series of various rain events. The synchronized rain intensity time series (in black) and received optical 

signal time series (in blue) for days where the highest received optical signal was recorded, light drizzle, 

and rainy days are shown in the plots. 

5.2.1 Maximum received optical signal on a clear day 

On the 1st of September 2019, Figure 32 shows the received optical signal time series. The rain intensity 

was quite low, approximately 0 mm/h for the majority of the day, because it was a clear day. The early 

morning optical received signal time series is plotted to check for any attenuation in the received optical 

signal and to determine what may be causing it, if there is any. 

       The received signal was weakened during the early hours of that specific day, as can be observed. There 

was attenuation of about 0.76 dB in the early hours of the day (4:00AM to 5:00AM), and attenuation of 

around 0.6 dB as the day progressed (8:00AM to 9:00AM). This is accomplished by subtracting the greatest 

received signal of 5.7603 dBm, which was recorded at 08:52AM, from the received signal of 5.0 dBm and 

5.15 dBm, respectively, within that time period (one hour). Since there was no rain at this time, it may be 

argued that the signal attenuation during these times, as seen in Figure 32, is produced by fog and 

scintillation. Fog is more common in the early morning and late evening, therefore it's reasonable to assume 

that the attenuation between 4:00AM and 5:00AM is due to fog. 
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Figure 32: Received Optical signal time series on the 1st of September 2019 

        

       Figure 32 illustrates what has been discussed thus far. Because there was no rain on this day, there is 

no rain intensity time series. Some days, such as the 22nd of September 2019, in Figure 33, had a very low 

rain intensity, and they can also be classified as clear days. Figure 33 shows that the rain intensity at this 

time period, which is the evening and early afternoon, was less than 0.02 mm/h, which is a very low rain 

intensity. Even though the rain intensity was modest, the signal was nevertheless muted by 0.13 dB and 0.3 

dB, respectively. As there is almost no fog in the early evening, the attenuation is most likely due to 

scintillation. This happened in the spring, when South Africa has a lengthy afternoon, which starts at 19:00. 
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Figure 33: Rain Intensity and Received Optical signal time series for rain event on the 22nd of September 2019 

5.2.2 Time Series of Light Drizzle Days 

For the days when there was light drizzle, the rain intensity time series and the received optical signal time 

series are shown in the Figures below. The graphs are labelled, and each graph's title includes the date the 

findings were collected. The findings were obtained on several days and at various times. It's important 

noting that the rain intensity was quite low on several of these days, but there was still attenuation. This 

implies that, in addition to the rain intensity, there are other factors affecting the attenuation, such as fog 

and scintillation, as seen above. 

 

Figure 34: Rain Intensity and Received Optical signal time series for rain event on the 13th of September 2019 
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       The greatest rain intensity for the period 12:00 to 13:00 on the 13th of September 2019, was 0.25 mm/h, 

and for the period 16:00 to 17:00 was 0.4 mm/h, as shown in Figure 34. The attenuations were almost 0.275 

dB and 0.3 dB.  

 

Figure 35: Rain Intensity and Received Optical signal time series for rain event on the 4th of December 2019 

       On the 4th of December 2019, the greatest rain intensity was 0.44 mm/h between 01:00 and 02:00, and 

1.7 mm/h between 17:30PM and 18:30, as shown in Figure 35. It appears that the power meter 

malfunctioned in the early hours of the morning, recording negative findings. It was later repaired, and the 

signal received with attenuation of about 0.22 dB was recorded. 

 

Figure 36: Rain Intensity and Received Optical signal time series for rain event on the 21st of December 2019 
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       On the 21st of December 2019, the highest rain intensity for the interval 19:00 to 20:00 was 3 mm/h, 

and for the interval 21:00 to 22:00 was 0.7 mm/h, as shown in Figure 36. Attenuations were almost 0.6 and 

0.3 decibels, respectively. Figure 36 shows that the signal received was not weakened for some time 

between 19:00 and 20:00, despite the fact that it was raining. Just before 20:00, the signal is heavily 

distorted. Even though the latter had less drizzle rain intensity than the former, it can be seen that the 

received optical signal time series was more consistent between 21:00 and 22:00. This proves that rain isn't 

the only thing that reduces signal strength. It's also possible that fog was beginning at those times, causing 

the attenuation of the received optical signal. 

 

 

Figure 37: Rain Intensity and Received Optical signal time series for rain event on the 28th of December 2019 

       On the 28th of December 2019, the greatest rain intensity for the interval 19:00 to 20:00 was 4.5 mm/h, 

with attenuations of about 0.35 dB, as shown in Figure 37. The intensity of the rain is one of the variables 

affecting the attenuation of the received optical signal in this situation. Not to say that other factors aren't 

there, but the severity of the rain is one of them. 
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Figure 38: Rain Intensity and Received Optical signal time series for rain event on the 27th of January 2020 

     The received optical signal is attenuated due to rain and scintillation, as seen in Figure 38. Given that 

it was mid-summer and there was very little rain, especially between the hours of 18:30 and 19:30, it's 

reasonable to assume there was no fog at that time of day. 

5.2.3 Time Series of Rainy Days 

For rainy days, the rain intensity time series and the received optical signal time series are shown in the 

Figures below. The graphs are labelled, and each graph's title includes the date the findings were collected. 

All of the different forms of rainfall may be observed in some of the graphs, such as the ones from the 10th 

of November 2019 and the other from the 12th of November 2019 (Figures 39-42). Drizzle (0-5 mm/h), 

widespread (5-10 mm/h), shower (10-40 mm/h), and thunderstorm (40-120 mm/h) are all present. Rainfall 

events go through a shift from lower to higher rainfall kinds, which is known as the transition of events. It 

can be observed that as the rainfall intensity increases or decreases, the received power changes, and this 

difference is what causes rain attenuation.  
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Figure 39: Rain Intensity and Received Optical signal time series for rain event on the 10th November 2019 

 

Figure 40: Rain Intensity and Received Optical signal time series for rain event on the 10th of November 2020 

       Rain intensity and received optical signal time series for the 10th of November 2019 are depicted in 

Figures 39-40, which are divided into various time periods. The received signal is attenuated between 

17:20:00 and 17:40:00 as the rain intensity rises or transits from drizzle rain type to widespread rain type, 

to shower type, and finally to thunderstorm rainfall type of 60.5968 mm/h at 17:32:30 hours. This implies 

that there was some rain throughout that time period, causing some attenuation. Other variables producing 

the attenuation were also present on this day, as can be shown. 
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Figure 41: Rain Intensity and Received Optical signal time series for rain event on the 12th November 2019 

 

Figure 42: Rain Intensity and Received Optical signal time series for rain event on the 12th of November 2020 

       The attenuation is virtually constant between 16:00 and 17:00, which is the time period where the 

greatest rain intensity of 158.2702 mm/h was recorded, as seen in Figures 41-42 from the Optical received 
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signal time series. This is owing to the fact that, in addition to the strength of the rain, there are additional 

elements that influence attenuation. These factors have been discussed above. 

5.3 Attenuation 

The maximum power recorded (dBm) at the transceiver, during the period of the experiment, which is mid-

August 2019 to mid-February 2020, was 5.7603 dBm - which value was recorded on 1st September 2019 at 

08:52 am. However, this value is not fixed for a given rain event. At any time, the “unfaded” received signal 

level varies, depending on whether there is fog, scintillation, or rain. Therefore, the signal power recorded 

at a certain time should be subtracted from the maximum value recorded during that particular period of 

measurement (or measurement event) to determine the rain attenuation in dB as shown in equation (46):  

𝐿𝑜𝑠𝑠 [𝑑𝐵] =  𝑃𝑚𝑎𝑥  [𝑑𝐵𝑚]– 𝑃𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑  [𝑑𝐵𝑚]  (46) 

5.4  Measurements Attenuation Results and Analysis 

This section will focus on the analysis of the results obtained from the measurements taken between August 

2019 and January 2020. These results will be used to analyse the relationship between Specific attenuation 

in dB/km and rain intensity in mm/h, as well as the relationship between Attenuation in dB and rain 

intensity, and the raindrop diameter vs rain intensity. 

     South Africa has a variety of climatic changes that are reliant on seasonal cycles. These are: Summer 

(December to February); autumn (March to May); winter (June to August); and spring (September 

to November) [79]. The data for this study was obtained during three seasons, namely, winter, spring, and 

summer. However most of the data was collected during spring, which, together with summer, is South 

Africa's rainiest season. This section focuses on the analysis of the results obtained from measurements 

taken between August 2019 and January 2020. These findings will be used to study the relationship between 

rain intensity and attenuation due to rain, as well as the specific attenuation. 

5.4.1 Plots of Rain Intensity vs Raindrop Diameter 

The raindrop measurements were taken with a disdrometer. The disdrometer recorded both the raindrop 

diameter and the rain intensity. The raindrop diameter and rain intensity for the 13th of September 2019, the 

22nd of September 2019, and the 10th of November 2019, as well as the times this was measured, are shown 

in the following tables, from table 8-10. In this section, a relationship between the raindrop diameter and 

rain intensity. 
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Table 8: RESULTS TAKEN FROM THE 13TH OF SEPTEMBER 2019 

Time (Hours) Raindrop Diameter (mm) Rain Intensity (mm/h) 

12:42:30 0.4550 0.0024 

12:43:00 0.0000 0.0077 

12:43:30 0.6560 0.0271 

12:44:00 0.7710 0.0127 

12:44:30 0.7710 0.0207 

12:45:00 0.7710 0.0376 

12:45:30 0.7710 0.0737 

12:46:00 0.7710 0.0485 

12:46:30 0.7710 0.0367 

12:47:00 0.9130 0.1193 

12:47:30 0.7710 0.0541 

12:48:00 0.7710 0.0568 

12:48:30 0.6560 0.0325 

12:49:00 0.6560 0.0460 

12:49:30 0.7710 0.0326 

12:50:00 0.7710 0.0368 

12:50:30 0.7710 0.0108 

12:51:00 0.5510 0.0256 

12:51:30 0.6560 0.0277 

12:52:00 0.6560 0.0129 

12:52:30 0.5510 0.0012 

12:53:00 0.4550 0.0021 

12:53:30 0.5510 0.0021 

12:54:00 0.0000 0.0071 

12:54:30 0.5510 0.0033 
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Table 9: RESULTS TAKEN FROM THE 22ND OF SEPTEMBER 2019 

Time (Hours) Raindrop Diameter (mm) Rain Intensity (mm/h) 

16:35:30 0.4550 0.0012 

16:36:00 0.5510 0.0045 

16:36:30 0.4550 0.0012 

16:37:00 0.5510 0.0078 

16:37:30 0.6560 0.0062 

16:38:00 0.5510 0.0045 

16:38:30 0.0000 0.0000 

16:39:00 0.5510 0.0066 

16:39:30 0.4550 0.0012 

16:40:00 0.0000 0.0000 

16:40:30 0.0000 0.0000 

16:41:00 0.4550 0.0024 

16:41:30 0.0000 0.0000 

16:42:00 0.3590 0.0006 

16:42:30 0.0000 0.0000 

16:43:00 0.6560 0.0062 

16:43:30 0.0000 0.0000 

16:44:00 0.0000 0.0000 

16:44:30 0.5510 0.0021 

16:45:00 0.5510 0.0021 

16:45:30 0.4550 0.0012 

16:46:00 0.5510 0.0045 

16:46:30 0.4550 0.0012 

16:47:00 0.4550 0.0018 
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Table 10: RESULTS TAKEN ON THE 10TH OF NOVEMBER 2019 

Time (Hours) Raindrop Diameter (mm) Rain Intensity (mm/h) 

17:21:00 3.9160 7.1413 

17:21:30 3.9160 6.3173 

17:22:00 4.8590 11.2736 

17:22:30 4.8590 21.9103 

17:23:00 4.8590 25.4695 

17:23:30 4.8590 23.6925 

17:24:00 4.3500 45.0291 

17:24:30 4.8590 41.6429 

17:25:00 4.3500 39.0680 

17:25:30 4.8590 52.4915 

17:26:00 4.8590 57.1462 

17:26:30 4.3500 46.2185 

17:27:00 3.9160 52.2519 

17:27:30 4.3500 43.5771 

17:28:00 4.3500 46.6759 

17:28:30 3.9160 34.8337 

17:29:00 3.5440 29.5744 

17:29:30 3.9160 32.2178 

17:30:00 3.5440 34.8827 

17:30:30 4.3500 33.3613 

17:31:00 3.9160 44.6199 

17:31:30 4.3500 47.7912 

17:32:00 3.9160 48.0561 

17:32:30 3.9160 60.5968 

17:33:00 3.9160 45.0398 

17:33:30 2.8690 33.0178 

 

       The results in the tables above were collected on days chosen at random to demonstrate the relationship 

between raindrop diameter and rainfall intensity. The relationship between rain intensity in mm/h and 

raindrop size (diameter) in mm is shown in the graphs below in Figures 43-45. The measurements that were 

analyzed were obtained on three distinct days, as mentioned above; Figures 43-45 show the data from 
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September 13th, September 22nd, and November 10th 2019, respectively. Figures 43-45 correspond to table 

8-10 results, respectively.

Figure 43: Rain Intensity vs Raindrop Diameter for measurements taken on the 13th of September 2019 

Figure 44: Rain Intensity vs Raindrop Diameter for measurements taken on the 22nd of September 2019 
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Figure 45: Rain Intensity vs Raindrop Diameter for measurements taken on the 10th of November 2019 

     The relationship between rain intensity and raindrop diameter is shown in Figures 43-45 above. The 

graphs in these Figures are represented by a linear trend-line, which shows nearly perfect linear behaviour 

of average raindrop diameter and rain intensity. The Figures also indicate a steeper slope, indicating that as 

the average raindrop diameter increases, so does the rain intensity. These graphs also illustrate that a smaller 

raindrop diameter results in less rain intensity, or that the smaller the raindrop diameter, the less rain 

intensity.  

     As it can be seen that the results in Figure 44 have small raindrop diameters, which results in the small 

rain intensity. The raindrop diameters in Figure 43 are bigger than those in Figure 44 but less than those in 

Figure 45, which results in Figure 43 showing the rain intensity bigger than that of Figure 44 and less than 

that of Figure 45. It then can be concluded that there was a heavy rain on the 10th of November 2019 as 

compared to the 13th and 22nd of September 2019, and in the later days it can be said that it was drizzling, 

or there was light rain. 

     Raindrops with a diameter less than 0.5 mm are considered drizzle, those with a diameter greater than 

0.5 mm but less than 2 mm are considered light rain, those with a diameter greater than 2 mm but less than 

6 mm are considered light rain, and those with a diameter greater than 6 mm are considered heavy rain [80]. 

However, there is little variation in rain attenuation on these days, leading to the conclusion that signal 

attenuation is dependent not only on rain intensity, but also on other parameters such as raindrop size, 

transceiver alignment, and the amount of wind on that particular day. Even though the weather station is 

not available to validate the assumption that wind can be a factor, [81] the alignments of the transceivers 
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play a vital role because OWCS requires a direct LOS path between the transmitter and the receiver, so the 

wind does play a role in shifting the alignment. 

5.5 Rain Attenuation Modelling  

In chapter four, the results obtained were shown, and briefly discussed. It also shows that rain does indeed 

attenuate the optical signal, and that not only rain, but other factors too such as scintillation and fog. In this 

chapter, the analysis on the attenuation and specific attenuation due to rain will be done. Also how the 

empirical method was used for the modelling and prediction of rain attenuation will be shown. What can 

also be observed in chapter four is that the obtained rain results do agree with the information from SAWS 

that Durban experiences rain between October and March [78]. 

5.5.1 Obtaining Results 

Chapter three explains in the details the methods and equipment used to obtain or record the results used 

for the analysis. In section 4.2 it can be seen that the maximum power (Pmax) recorded (dBm) at the receiving 

transceiver was (5,7603dBm), and this value was recorded at 08:52 am on 1 September 2019, using the 

Optical Power Meter, as detailed in section 3.3. 

5.5.2 Calculating Specific Attenuation 

The measured attenuation is calculated between the two transceivers with respect to a fixed distance (L) in 

kilometers, and the specific attenuation is then determined as attenuation with respect to distance in 

(dB/km). It is calculated as follows: 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐴𝑡𝑡𝑒𝑛𝑢𝑎𝑡𝑖𝑜𝑛 [𝑑𝐵/𝐾𝑚]  =  
𝐿𝑜𝑠𝑠 [𝑑𝐵]

𝐿 [𝑘𝑚]
                             (47) 

       In this particular case, the link length of 7 meters or 0.007 kilometers is used. Thus, in (47), L is equal 

to 0.007 for all the calculations. 

5.5.3 Analysis of Monthly Rain Attenuation Prediction Models 

5.5.3.1 Plots of Attenuation and Specific Attenuation due to Rain  

The relationship between Attenuation in dB and Specific Attenuation in dB/km due to Rain Intensity in 

mm/h is shown in Figure 46-51 below. As previously noted, the measurements were taken over a 6-month 

period. The Figures show the outcomes obtained between August 2019 and January 2020. 

       As previously stated, rain attenuation modelling and prediction can be performed using either an 

empirical or physical method. Since the empirical technique is based on the relationship between the 

observed attenuation distribution and the related observed rain intensity distribution estimated at 30 seconds 

integration time, it was chosen in this case. As a result, the specific attenuation is a fundamental variable in 
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estimating rain attenuation statistics for both the earth and terrestrial space paths [82]-[89]. The rain specific 

attenuation is shown by the power law equation (1). 

       Since raindrops are assumed to have a spherical form, estimates of 𝑘 𝑎𝑛𝑑 𝛼 do not depend on vertical 

and horizontal polarization, as mentioned is section 2.3 above. That means k and α coefficients will depend 

only on the carrier frequency of the OWCS, temperature, and DSD [7]. All the below measurements were 

taken at an optical wavelength of 850 nm as mentioned above. 

       The relationship between Specific attenuation in dB/km and rain intensity in mm/h, as well as the 

relationship between Attenuation in dB and rain intensity, are shown in the plots in Figures 46-51. The 

trend-lines in Figures 46-51 show a rise in specific rain attenuation as the rain intensity increases.  

       Figure 46 shows the plots for the month of August. The rain rate for this month ranges from 0 to 5 

mm/h with a maximum rain attenuation of almost 1 dB. The power model is used to determine the 

experimental data points for this month, and the equation obtained was 𝑦 = 82.702𝑥0.0105, where 𝑦 is the 

specific rain attenuation and 𝑥 is the rain intensity. The 𝑘 𝑎𝑛𝑑 𝛼 coefficients are 82.702 and 0.0105, 

respectively. All Figures, from Figure 46-51 also shows the similar trend. The 𝑘 𝑎𝑛𝑑 𝛼 coefficients for 

either graph can easily be seen in the Figures above. It can also be observed that the rain intensity was high 

during the months of October, November, and December which shows that it was in a rainy season, as [78] 

states that these months falls under rainy season in Durban.  
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Figure 46: Specific Attenuation & Attenuation vs. Rain Intensity plot for August 2019 

Figure 47: Specific Attenuation & Attenuation vs. Rain Intensity plot for September 2019 
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Figure 48: Specific Attenuation & Attenuation vs. Rain Intensity plot for October 2019 

 

 

Figure 49: Specific Attenuation & Attenuation vs. Rain Intensity plot for November 2019 
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Figure 50: Specific Attenuation & Attenuation vs. Rain Intensity plot for December 2019 

Figure 51: Specific Attenuation & Attenuation vs. Rain Intensity plot for January 2020 
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       The power model is used to determine the experimental data points for this month, and the equation 

obtained. The other figures (Figure 52-55) shows the specific attenuation vs rain intensity during certain 

days from when the results were taken. This shows that as much as in some of these months it was raining, 

but some days it was clear, they can be referred to clear days, as much as it was drizzling, but the rain 

intensity was as low as less than 0.1 mm/h in some of them.  

 

 

Figure 52: Specific Attenuation & Attenuation vs. Rain Intensity plot for 13th of September 2019 
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Figure 53: Specific Attenuation & Attenuation vs. Rain Intensity plot for 22nd of September 2019 

Figure 54: Specific Attenuation & Attenuation vs. Rain Intensity plot for 10th of November 2019 
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Figure 55: Specific Attenuation & Attenuation vs. Rain Intensity plot for 12th of November 2019 

       It is crucial to note that the days listed above were chosen at random with the goal of displaying various 

data categories such as clear days and rainy days. Starting with Figures 52-53, which show the results 

obtained on September 13th and 22nd, 2019, respectively. These are some of the clearest days of the year, 

especially on September 22nd, 2019, with the maximum rain intensity of 0.0283 mm/h. The maximum rain 

intensity recorded on September 13th, 2019 was 0.3615 mm/h. The results collected on rainy days, the 10th 

and 12th of November 2019, which in this case was the rainiest month of the season, are shown in the 

Figures 54-55, respectively. On the 10th of November the maximum rain intensity recorded was 60.5968 

mm/h, and on the 12th of November the maximum rain intensity was 158.2707 mm/h, which was also the 

highest rain Intensity value recorded during the period of data collection. 

5.6 Comparison with Existing Models 

The results obtained had to be compared with the results from other countries to check if they were in 

correlation with other existing models. For this comparison, the French rain attenuation prediction model 

for FSO rain attenuation is also plotted alongside the scatterplots for the measurements, to give the predicted 

attenuation due to rain in Durban. The ITU-R rain attenuation prediction model for FSO system provided 

the 𝑘 𝑎𝑛𝑑 𝛼 coefficients for the French model [5]. It is also important to note that the French model for 
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FSO attenuation is for drizzle rain that is rain intensity of 0.1-5 mm/h. Therefore, for this comparison the 

results for the period of this research, only the drizzle rainfall event will be used. 

5.6.1 Plots of Attenuation and Specific Attenuation due to Rain with Comparison to French 

Model 

The relationship between Specific attenuation in dB/km and rain intensity in mm/h, as well as the 

relationship between Attenuation in dB and rain intensity, are shown in the plots in Figures 56-61. As shown 

in the Figures, the rain regime considered for this reporting is the drizzle type, with rain intensities ranging 

from 0.2 to 5 mm/h. The trend-lines in Figures 56-61 show a rise in specific rain attenuation as the rain 

intensity increases, with a maximum rain intensity of slightly less than 5 mm/h. For example, the modelled 

attenuation due to rain equation in Durban in August 2019, which is the last month of winter and the start 

of spring, is 𝑦 = 88.763𝑥0.0029, where 𝑦 is the specific rain attenuation and 𝑥 is the rain intensity, as seen 

in Figure 56. The 𝑘 𝑎𝑛𝑑 𝛼 coefficients are 88.763 and 0.0029, respectively. On the right plots of the Figures, 

the predicted attenuation obtained using the French model can also be seen. The equations for specific 

attenuation and attenuation for the other months are shown in the other Figures. 

 

Figure 56: Specific Attenuation & Attenuation vs. Rain Intensity plots with French Model  for August 2019 
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Figure 57: Specific Attenuation & Attenuation vs. Rain Intensity plots with French Model  for September 2019 

     In Figure 57, the modelled attenuation due to rain equation in Durban for September 2019, is 

𝑦 = 82.896𝑥0.0112, where 𝑦 is the specific rain attenuation and 𝑥 is the rain intensity. The 𝑘 𝑎𝑛𝑑 𝛼

coefficients are 82.896 and 0.0112, respectively.  As previously stated, September is the first month of 

spring. September saw more clear days and less rainy days, as seen in section 4. As a result, it's reasonable 

to conclude that other variables, such as fog and scintillation, were responsible for the majority of the 

attenuation in September. On the right plots in the image for September, you can also see the anticipated 

attenuation derived using the French model. 

Figure 58: Specific Attenuation & Attenuation vs. Rain Intensity plots with French Model  for October 2019 
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       In October and November, it’s spring in South Africa, and it is one of the rainiest months of the year. 

Figures 58-59 show that there were more rain occurrences during these months than during the preceding 

ones. It was also noted before that the rainiest months of the year occurred during this time. For October 

the modelled rain attenuation equation in Durban, is 𝑦 = 82.375𝑥−0.006, where 𝑦 is the specific rain 

attenuation and 𝑥 is the rain intensity. The 𝑘 𝑎𝑛𝑑 𝛼 coefficients are 82.375 and -0.006, respectively.  The 

modelled rain attenuation equation in Durban, for November, is 𝑦 = 84.479𝑥0.0074 , where 𝑦 is the specific 

rain attenuation and 𝑥 is the rain intensity. The 𝑘 𝑎𝑛𝑑 𝛼 coefficients are 84.479 and 0.0074, respectively, 

as seen in Figure 59 below. During these month, most of the attenuation was due to rain, as they were the 

rainiest month in Durban during that time. Also the predicted attenuation obtained by using the French 

model can be seen on the right plots on the Figures. 

 

Figure 59: Specific Attenuation & Attenuation vs. Rain Intensity plots with French Model  for November 2019 
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Figure 60: Specific Attenuation & Attenuation vs. Rain Intensity plots with French Model  for December 2019 

       December and January are the last two months of the study period, which is spring in South Africa and 

one of the rainiest seasons. Summer is one of the rainiest seasons in South Africa, but it is also the sunniest 

season in Durban, with the majority of days being sunny rather than rainy. This is evident in Figures 60-

61, particularly Figure 61, which reveals that there was very little rain in January. In addition, the modelled 

attenuation due to rain equation in Durban for December is 𝑦 = 87.341𝑥0.0024 , where 𝑦 is the specific rain 

attenuation and 𝑥 is the rain intensity. The 𝑘 𝑎𝑛𝑑 𝛼 coefficients are 87.341 and -0.0024, respectively. For 

January, the modelled attenuation due to rain equation in Durban, is 𝑦 = 89.285𝑥0.0224, where 𝑦 is the 

specific rain attenuation and 𝑥 is the rain intensity. The 𝑘 𝑎𝑛𝑑 𝛼 coefficients are 89.285and 0.0224, 

respectively, as seen in Figure 61 below. It's fair to assume that all of the above-mentioned variables, such 

as rain, fog, and scintillation, contributed to the attenuation throughout these months. Scintillation might be 

the major culprit because there are more clear (sunny) days during this season. On the right plots in the 

images, you can observe the expected attenuation achieved using the French model. 
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Figure 61: Specific Attenuation & Attenuation vs. Rain Intensity plots with French Model  for January 2020 

5.7 Summary 

The different climate variations of South Africa were elaborated, which are based on four seasonal cycles: 

spring, summer, autumn, and winter. The samples utilized for this measurement period were also broken 

down into numbers and divided into categories. The rain intensity time series and the equivalent optical 

received signal time series of days that went through various rainfall kinds, demonstrating the transition 

from drizzle to thunderstorm, were also examined and discussed. The relationship between rain intensity 

and raindrop diameter was also analysed. It was shown that the rain intensity is not the only factor that has 

an effect on rain attenuation, other factors as well such as fog, scintillation, the raindrop diameter and the 

alignment, they have an impact on the attenuation of rain. From the measured attenuation in all the figures, 

one sees a constant value of about 0.62 dB over the link. The measured attenuation is seen to be practically 

independent of the rain rate. This implies that there is a high possibility of the presence of fog alongside the 

rain/drizzle. Indeed, from the work of Mohale et al [84], it is shown that of all the cities in South Africa, 

Durban has the lowest visibility, a parameter which is closely related to the fogginess. 

     The specific attenuation was calculated in this chapter. Then the relationship between attenuation and 

specific rain attenuation due to rain intensity. Using the French model, a comparison was made between 

the obtained results and results from other nations to see if they were in agreement with other existing 
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models. The modelled and predicted attenuation for Durban were shown (for drizzle range). It was also 

mentioned that the French FSO attenuation model is only applicable to drizzle rain. While the obtained 

results when using the power law follow the same rising trend as the French models, the attenuation values 

plotted for Durban are significantly higher than those plotted for France. The distance between the 

transceivers may also contribute to the significant attenuation loss. The transceivers are too closely together, 

which might increase the effect. Due to a lack of material or cables to link the transceivers to the computer 

for data monitoring and logging, the distance between the transceivers was limited to 7 meters throughout 

the experiment. This calls for further investigation, as there seems to be an additional underlying attenuation 

factor in the Durban case alongside the rain attenuation for FSO links. This is thus the subject of further 

work.
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CHAPTER 6 

CONCLUSION AND FUTURE WORKS 

6.1 Conclusions 

An in-depth performance investigation of the OWCS, as well as rain attenuation modelling and prediction 

for OWC link performance for Durban, South Africa, was carried out in this thesis. To accomplish all of 

this, a thorough understanding of OWCS was required, including application areas, eye safety, and 

standards. An overview of Optical power meter was also done, because the power meter was used to get 

the attenuation of rain, for the report analysis.  

       With the transceivers separated by a fixed distance of 7 meters, suitable mathematics had to be used to 

determine the system's link margin. The power meter was used to record the signal power level in dBm. 

The power meter was quite helpful in determining the impact of rain on the received signal. It was also 

established that the highest power received value was obtained during clear weather, while the lowest value 

was reported during heavy rain.  

       The rain intensity was also recorded using the disdrometer, and the relationship between the rain 

intensity and the optical signal received was investigated using the synchronized time series, as seen in 

Figure 32-42. The relationship between Specific attenuation in dB/km and rain intensity in mm/h, as well 

as the relationship between Attenuation in dB and rain intensity, was investigated. As seen in some of the 

plotted graphs in Figures 32 to 42, the received signal is inversely proportional to the intensity of the rain. 

The attenuation and specific attenuation due to rain increases when the signal received decreases, as shown 

in equations (46) and (47), and the rain intensity increases, as seen in Figures 46-51. Rain intensity data 

from the disdrometer was recorded and plotted against attenuation values from the power meter at the same 

time. It was also discovered that there is a linear relationship between raindrop diameter and rain intensity, 

with an increase in raindrop diameter resulting in a linear rise in rain intensity. 

       The empirical method was used to investigate the relationship between attenuation and 

specific attenuation due to rain intensity, with all data done at an optical wavelength of 850nm. A trend-

line was drawn from the plotted data to highlight the relationship between attenuation and rain intensity. 

This helped to show that as the rain intensity increases, there is also an increase in specific attenuation. The 

𝑘 𝑎𝑛𝑑 𝛼  coefficients for Durban (Glenwood area) were also found. The obtained results were also 
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compared to models from other countries, which revealed that the obtained results were in correlation with 

those of other models.  

     The received optical signal time series and rain intensity time series plots show that there is practically 

constant attenuation in the FSO link under drizzle rainfall regime in Durban, according to a study. The 

attenuation due to rain is almost two orders of magnitude higher than the French model prediction.  This 

shows that during a drizzle rain event, attenuation is not solely dependent on rain intensity, implying that 

other parameters such as fog and scintillation, play an active role during a rain event in Durban. This 

therefore calls for further analysis of these meteorological influences.  

6.2 Future Works 

The thesis's major goal, as mentioned in the first chapter, has been accomplished. However, further research 

is needed to determine the impact of other weather variables, such as fog and snow, on the received optical 

signal, which leads to it being attenuated. However, because snow is uncommon in Durban, the study might 

be conducted in other parts of South Africa where snow is feasible. 

     With rain having such an influence on attenuation, it's logical to assume that fog has a higher impact, 

especially because research indicates that the study location gets a lot of fog, but this has to be confirmed. 

Fog might be the topic of future research to test the assumptions expressed in the thesis. Also, the distance 

between the transceivers may be expanded by moving the experiment to other buildings that are hundreds 

of meters apart. This will need extra funds in order to obtain the necessary equipment in order to achieve 

better outcomes. The use of a weather station can also be very useful in validating the above-mentioned 

wind conclusion. 
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6.3 Summary of Study 

Table 11: Summary of key findings 

Authors and 

Supervisors 

Study Aim Study 

Type/Information 

Main Findings and Conclusions Study 

Strength/Limitations 

 

 

 

 

 

 

 

Mr Sabelo Qiniso 

Buthelezi; Prof. 

Thomas J.O Afullo; 

Dr. Modisa 

Mosalaosi 

 

 

 

Theoretically determine 

rain attenuation 

parameters for optical 

signals based on 

various rainfall 

measurements for the 

city of Durban, in 

South Africa. Evaluate 

the analytical 

performance of the 

proposed model, which 

in this case is the power 

law model, under rainy 

conditions, alongside 

other established 

models. Establish a 

suitable link budget 

analysis for OWC links 

to be deployed in 

Durban using the 

results and the 

equipment available. 

 

 

 

Lab research work 

using a 

disdrometer to 

obtain the rain 

intensity, and a 

power meter to log 

the received signal 

power level every 

30 seconds to 

evaluate the 

influence of rain 

on the signal 

transmitted. 

Rain does influence attenuating 

the received signal; however, the 

results reveal that it does not 

have a significant effect. The 

measured attenuation shows that 

the attenuation was constant all 

over the link. This then leads to 

an assumption that the observed 

attenuation is less affected by 

rain intensity, which means 

there's a high possibility of fog 

along with the rainfall. Indeed, 

according to the research, 

Durban has the lowest visibility 

of all the cities in South Africa, 

a factor that is closely linked to 

fogginess. The thesis's major 

goal has been accomplished; 

however, further research is 

needed to determine the impact 

of other weather variables on the 

received optical signal, which 

leads to it being attenuated. Rain 

proved to have a big influence 

on attenuation, the assumption 

that fog has a higher impact is 

reasonable, especially because 

research indicates that the study 

location gets a lot of fog, but this 

 

 

 

The transceivers were 

just 7 meters apart 

due to a lack of 

funding for better 

equipment and longer 

cables to link the 

transceivers to the 

computer for data 

monitoring and 

logging, yet this 

allowed for accurate 

alignment because the 

transceivers were 

closer to each other, 

and there was a 

technique to 

anticipate for longer 

distances. 
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has to be confirmed. Also, for 

better outcomes,  the distance 

between the transceivers may be 

expanded by moving the 

experiment to other buildings 

that are hundreds of meters 

apart. There are extremely high 

attenuation values for Durban 

compared to the French model, 

which thus calls for further 

investigation to provide the 

optimum model that can 

accurately predict these effects. 
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APPENDICES 

APPENDIX A-1 

The International Telecommunication Union (ITU) defines frequency bands for terrestrial, satellite, and 

personal area networks, some of which are part of a larger spectrum. The following are the possible 

frequency bands and their corresponding designations: 
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APPENDIX A-2 

The specific attenuation at various frequencies may be predicted using the values of k and, as well as the 

R0.01 of a locale, according to ITU-R Guideline P. 838-3. As a result, the particular attenuation is denoted 

by: 

𝐴𝑠 = 𝑘𝑅𝛼
0.01

For horizontal and vertical polarization modes, the suggested values of k and are listed below: 
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APPENDIX A-3 

Disdrodata Program Structure Overview 
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APPENDIX A-4 

Table A-4: Subdivision of the 127 drop sizes measured by the disdrometer RD-80 into 20 drop size classes 

of the DISDRODATA program.  
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APPENDIX A-5 

Input data for formulas 

APPENDIX A-6 

Formulas  

These parameters are calculated for each time interval. 
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