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ABSTRACT  

     Free Space Optics technology has gained acceptance in telecommunication industry mostly in enterprise 

campus network. However in tropical regions, rainfall is the dominant factor that degrades the FSO link performance and 

its availability. In this paper, a method is proposed to estimate the total path attenuation due to rain for Free Space Optical 

communication links for all percentage of availabilities and any path length. Path length reduction factor for FSO has been 

derived using reduction factors models developed for microwave under measurement in tropical climate.  Regression 

analysis has been applied and model is derived using best fit curve. Comparison between derived and measured reduction 

factors has been made for validation. Derived reduction factor seems to have strong agreement with both models which 

were derived based on measurements. This method can provide estimation of total path rain attenuation for FSO for all 

percentage of time with any path lengths.   
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INTRODUCTION 

Free Space Optics (FSO) is a wireless technology 

which uses laser as a medium of transmission between 

transmitter and receiver. This technology is a line of sight 

(LOS). It also considers being high speed wireless bridges 

in today’s telecommunication industry. The FSO heads set 
prefers to be installed at roof top to prevent link outage. 

Among the advantages of FSO is that one could have a 

technology which provide the same speed of optical fiber 

within days. Others like: high secure compare with 

microwave technology, free licensing of bandwidth.  

The main disadvantage in Free Space Optics 

technology is that it can easily be influence by 

atmospheric weather conditions like fog, haze, and rain 

[1]; also weather turbulence such as scintillation [2]. In 

temperate regions, fog has high impact on optical signal 

due to scattering and absorption of visible optical beams 

[3]; whereas in tropical regions, heavy precipitation is the 

dominant factor that degrading the FSO link performance 

and its availability [4]. Among the solutions have been 

proposed to compensate FSO problem is implement FSO 

link with back-up RF (Hybrid FSO/RF system). This 

solution can enhance the performance of FSO system and 

optimize the quality of FSO link [5]. Rain attenuation 

occurs due to non selective scattering or absorption of the 

optical wave [6]. Predicted rain attenuation as Equation (2) 

in general form is independent of wavelength [6,7]. 

Several prediction models were developed to predict the 

rain attenuation based on two methods namely: empirical 

method and physical method [8]. Empirical method 

provide the best fit of direct correlation on observed rain 

attenuation distribution and its corresponding rain rate 

distribution with 1 min integration time[9, 10]; This 

method is our concern in this paper. FSO specific rain 

attenuation models Table-1 are developed to predict rain 

attenuation for one kilometer distance only. For 

extrapolation to evaluate the performance of FSO for a 

distance beyond one kilometer, a total path attenuation 

prediction model is needed. ITU has recommended a 

model Equation (3) to estimate the total path attenuation 

for 0.01% for microwave [11] . The model can be applied 

for FSO if we develop reduction factor r for FSO. In this 

paper, the path length reduction factor r developed for 

FSO. Since path reduction factor depends on structure of 

the rain cell not the characteristic of propagating signal. 

The reduction factor developed for FSO based on two 

measured reduction factors used for microwave under 

tropical environment. The proposed reduction factor can 

provide an estimate of total path attenuation of Free Space 

Optics communications link for all percentage of time and 

distance higher than one kilometer. That can be useful for 

FSO designers to evaluate the performance for more than 

one kilometer FSO link.  

 

SPECIFIC RAIN ATTENUATION OF FSO 

To observe the impact of rain attenuation of Free 

Space Optics link, drop size distribution of rain and rain 

rate are needed.  Specific rain attenuation or extinction 

coefficient in dB/km can be calculated by integrating all 

the drop sizes as follow [12] 
 

 dDDNmDQ )(),,(343.4                          (1)    
 

Where Q is extinction cross section (mm
2
) and is a 

function of drop diameter D (mm), wavelength (mm) and 

the complex refractive index of water m.  

Based on Equation (1) the general form of specific rain 

attenuation equation, Equation (2) derived using power 

law approach to obtain power law coefficient using curve 

fitting or point matching techniques to find the values of k 

and α. This making it in simple form and depends only on 

the rain rate as follow: 
 

 kRkmdBR )/(                                                    (2) 
 

Over the years and up to recent time several 

power law models for specific rain attenuation for Free 
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mailto:ba_sahal@hotmail.com


                            VOL. 10, NO. 23, DECEMBER 2015                                                                                                             ISSN 1819-6608            

ARPN Journal of Engineering and Applied Sciences 
 

©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved.

 
www.arpnjournals.com 

 

 
17352 

Space Optics [13, 14, 15, 16, and 17] have been proposed 

in both temperate and tropical climate weather conditions. 

These models developed based on regression analysis and 

other methods of measured rain intensities (mm/hr) and 

rain attenuation (dB) in their respected areas. Table-1 

shows the values of k and α for these models. 

Comparisons of specific rain attenuation models shown in  

Figure-1  Carbonnea and Japan models which 

recommended by ITU gave average attenuation compare 

with other models.   

 

Table-1. K and α values of specific rain attenuation 

models of FSO. 
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Figure-1. Comparison of specific rain attenuation of 

different FSO models. 

 

METHODOLOGY 

 

Rain rate measurements 

A One year rain rate data measurement was 

collected by using tipping bucket rain guage (Casella) 

from 1 January 2011 to 30 December 2011. The 

cumulative distribution function (CDF) is shown in 

Figure-2. The highest rain rate was 168 mm/hr, whereas 

the lowest rain rate was 12 mm/hr. From Figure-2 the 

percentage of time exceeding 0.01% level is almost 

corresponding to 100 mm/hr. 

 

Table-2. Rain gauge specification. 

 

Derivation of path length reduction factor 

Due to inhomogeneous of rain while propagating 

along the path, the rain might not fall into the entire 

propagating path. Cause some portion of the link to be 

effected. This is so called effective path link, which define 

as the intersection between rain cell and path length. It is 

confirmed from this definition that the effective path 

length is smaller than total actual path. 
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Figure-2. Cumulative distribution of rainfall data 

measured in Malaysia over a period of one year. 

 

According to ITU recommendation, the total path 

attenuation exceeded for 0.01% of the time can be 

estimated by [11]: 
 

drddBA ReffR  )(%01.0                               (3) 

 

Where;  R  is the specific rain attenuation 

(dB/km) and d is total path length (km) and r is reduction 

factor. 

There are many models has been developed to 

estimate the value of r in both temperate [18, 19] and 

tropical regions, even ITU has also recommended the 

value of r [11]. Among these models is [20] which is 

developed based on measured at seven different locations 

in Malaysia using 15 GHz frequency and for 0.01%. The 

value of r for this model can be estimated by: 
 

21.0

01.0

01.0

6379.2
1

1

R

d
r


                                  (4) 

 

Where R is rain intensity (mm/hr) 

The other model [21] which also developed based 

on measured rain intensity and rain attenuation for a fixed 

distance of 2.29 km and 28.75 GHz under tropical climate 

in India but for all percentage of time. The value of r for 

this model can be obtained by: 
 

377.06435.3  Rr                                                (5) 
 

Based on the model [20], the value of r it depends on rain 

intensity and distance of path link. Whereas; model [21] it 

depends on rain intensity only. As the matter of fact, the r 
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value should be less than one, but in model [21] the value 

of  r showed to be greater than one at lower rain intensity 

< 30 mm/hr. That due to fact low rain intensity is 

widespread over the path length which represent uniform 

rain rates [21], in contrast high rain rates can be much 

localized [20]. 

In order to develop r for all percentage of time 

the model [21] needs to multiply by a factor so that can be 

fit with our local measurements of rain rate. Model [20] is 

developed based on Malaysia climate and it is a function 

of d as well, so the combination of these two models can 

produce a new model of reduction factor which can be 

suitable for all percentage of time and as a function of 

distance. Assume that a path link of 5 km distance, and 

given 100 mm/hr for 0.01% from measured data of 

Malaysia. Also we assume a single scatter of optical 

attenuation [22]. Based on this assumption the model [21] 

will give constant (C) value for all 5 km, whereas, [20] 

will let to variation of r (Δy) at each distance point. 

Dividing each Δy over C will let to a new function (Δx), 
by applying the regression analysis; the best fit curve gave 

an exponential function with the following expression:    
 

x
ex

102.04912.1                                             (6) 
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Figure-3. Exponential equation of best fit curve of Δx. 
 

With coefficient of determination  R
2 
=

 
0.9964 as 

shown in Figure-3.
 

By multiplying Equation (5) & Equation (6) will 

give a new reduction factor as follow: 
 

)102.0(exp377.0
%

433187.5
%

d
p

R
p

r        (7)                            

 

Proposed rain attenuation prediction method 

Now by substitute Equation (7) into Equation (3); 

the final form of the total path attenuation of FSO due to 

rain will be as: 
 

ddRdBA pRp )102.0exp(433187.5)( 377.0

%%   (8)                          

 

The above equation can be used to estimate the total path 

attenuation due to rain for Free Space Optical link for all 

percentage of time and distances more than one kilometre. 

 

ANALYSIS FOR VALIDATION 

In order to validate the proposed reduction factor 

model; we Compare it with two measured reduction 

factors models developed for a tropical climate. Suriza 

model [17] has been employed to calculate the specific 

rain attenuation for comparison purposes.  

 

1 1.5 2 2.5 3 3.5 4 4.5 5
0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.90.90.9

Distance (km)

R
e
d

u
c
ti

o
n

 f
a
c
to

r 
(r

)

 

 

Proposed r

Measured r in Malaysia

 
 

Figure-4. Comparison of r measured in Malaysia and r 

predicted by proposed model. 

 

The values of r predicted by proposed model are 

close to measured r in Malaysia as shown in Figure-4. 
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  Figure-5. Comparison of total path attenuation for 0.01% 

using r measured in Malaysia and proposed r. 

 

The total path attenuation using measured r in 

Malaysia is in close agreement with proposed r as shown 

in Figure-5.  
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Figure-6. Path reduction factors measured in India & 

those proposed as a function of rainfall for different 

distances. 
 

The proposed r which developed based on 100 

mm/hr at Figure-6 is match with measured r in India 

which developed for 51.04 mm/hr at fixed distance 

2.29km, the matching observed to be at d = 4 km. In other 

words, if we almost double of 51.04 mm/hr will be at 4 km 

distance which is also agree with the proposed r. 

 

CONCLUSIONS 

Rainfall is the dominant factor that degrades the 

FSO link performance and its availability in tropical 

regions. In this paper, a method is proposed to estimate the 

total path attenuation due to rain for Free Space Optical 

communication links for all percentage of availabilities 

and any path length. The method is developed using 

prediction method proposed by ITU-R and two reduction 

factor models proposed for microwave links based on 

tropical measurements. The proposed method can be 

applied as a useful tool to estimate the total path rain 

attenuation for FSO for any outages and path lengths while 

rain rate statistics are available.   

 

REFERENCES 

 

[1] F. Nadeem, V. Kvicera, M. S. Awan, E. Leitgeb, S. 

Muhammad, and G. Kandus. 2009. Weather effects 

on hybrid FSO/RF communication link. IEEE Journal 

on selected areas in Communications. (27). pp. 1687-

1697. 

 

[2] L. Dordova and O. Wilfert. 2010. Calculation and 

comparison of turbulence attenuation by different 

methods. Radio engineering. (19). pp. 162-167. 

 

[3] M. Ijaz, Z. Ghassemlooy, J. Pesek, O. Fiser, H. Le 

Minh, and E. Bentley. 2013. Modelling of fog and 

smoke attenuation in free space optical 

communications link under controlled laboratory 

conditions. Journal of Lightwave Technology. (31). 

pp. 1720-1726. 

 

[4] A. Basahel, W. Al-Khateeb, M. R. Islam, K. Al-

Khateeb, and A. Suriza. 2014. Availability analysis of 

terrestrial free space optical link under the impact of 

rain condition. International Conference on in 

Computer and Communication Engineering. pp. 169-

172. 

 

[5] A. Basahel and W. Al-Khateeb. 2014. Carrier Class 

Availability Prediction for Hybrid FSO/RF System in 

Heavy Rainfall Regions Based on ITU-R Models. 

International Journal of Computer and 

Communication Engineering. Vol. 3, No. 6. pp. 404-

407. 

 

[6] M. Achour. 2002. Simulating atmospheric free-space 

optical propagation: rainfall attenuation. Proceedings 

of SPIE. (4635). pp. 192-201. 

 

[7] V. Brazda, V. Schejbal, and O. Fiser. 2012. Rain 

impact on FSO link attenuation based on theory and 

measurement. 6th European Conference on Antennas 

and Propagation (EUCAP). pp. 1239-1243. 

 

[8] J. S. Ojo, M. O. Ajewole, and S. K. Sarkar. 2008. 

Rain rate and rain attenuation prediction for satellite 

communication in Ku and Ka bands over Nigeria. 

Progress in Electromagnetics Research. (5). pp. 207-

223. 

 

[9] R. K. Crane and P. C. Robinson. 1997. ACTS 

propagation experiment: rain-rate distribution 

observations and prediction model comparisons. 

Proceedings of the IEEE. (85). pp. 946-958. 

 

[10] X. Zhou, Y. Lee, and J. Ong. 2009. Conversion model 

of one-minute rainfall rate distribution in Singapore. 

International Symposium in Antennas and 

Propagation Society APSURSI'09. IEEE. pp. 1-4. 

 

[11] ITU-R. 2013. Propagation data and prediction 

methods required for the design of terrestrial line-of-

sight systems. International Telecommunication 

Union, Geneva, Switzerland. P.530-15. 

 

[12] A. Ishimaru. 1978. Wave propagation and scattering 

in random media. Academic press New York. (2). 

 

[13] T. H. Carbonneau and D. R. Wisely. 1998. 

Opportunities and challenges for optical wireless: the 

competitive advantage of free space 

telecommunications links in today's crowded 

marketplace in Voice, Video, and Data 

Communications. pp. 119-128. 

 

[14]  ITU-R. 2007. Prediction methods required for the 

design of terrestrial free-space optical links. 

International Telecommunication Union, Geneva, 

Switzerland. P.1814. 

 

http://www.arpnjournals.com/


                            VOL. 10, NO. 23, DECEMBER 2015                                                                                                             ISSN 1819-6608            

ARPN Journal of Engineering and Applied Sciences 
 

©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved.

 
www.arpnjournals.com 

 

 
17355 

[15] M. Grabner, V. Kvicera, and O. Fiser. Rain 

attenuation measurement and prediction on parallel 

860-nm free space optical and 58-GHz millimeter-

wave paths. 2012. Optical Engineering. Vol. 51, No. 

3. pp. 031206-1-031206-6. 

 

[16] S. A. Al-Gailani, A. B. Mohammad, U. U. Sheikh, 

and R. Q. Shaddad. 2013. Determination of rain 

attenuation parameters for free space optical link in 

tropical rain. Optik-International Journal for Light and 

Electron Optics. (125). pp. 1575-1578. 

 

[17] Suriza, A.Z. 2014. Rain attenuation modeling for 

outage prediction of Free Space Optic link under 

tropical weather. PhD thesis. International Islamic 

university Malaysia. Kl. Malaysia. 

       

[18] S.H. Lin. Nationwide long term rain statistics and 

empirical calculation of 11 GHz microwave rain 

attenuation. 1977. The Bell System Technical Journal. 

(56). pp. 1581-1604. 

 

[19] F.Moupfouma. 1984. Improvement of rain attenuation 

prediction method for terrestrial microwave links.  

IEEE Transactions on Antennas and Propagation. 

(32). pp. 1368-1372. 

 

[20]   A. Abdulrahman, T. Rahman, S. Rahim, and M. U. 

Islam. 2011. Empirically derived path reduction factor 

for terrestrial microwave links operating at 15 GHz in 

Peninsula Malaysia. Journal of Electromagnetic 

Waves and Applications. (25). pp. 23-37. 

 

[21]  P. Sharma, I. S. Hudiara, and M. L. Singh. 2011. 

Estimation of path length reduction factor by using 

one year rain attenuation statistics over a line of sight 

link operating at 28.75 GHz in Amritsar (INDIA). 

Journal of Infrared, Millimeter, and Terahertz Waves. 

(32) pp. 137-142. 

 

 [22]  Martin, G. and Kvicera, V. 2014. Multiple scattering 

in rain and fog on Free-Space Optical Links. Journal 

of light wave technology. Vol. 32, No. 3. pp. 513-520. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.arpnjournals.com/

