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Abstract
Satellite technology is shifting to higher frequencies such as Q or V-band to cater to greater bandwidth and higher data rates
applications such as videoconferencing, internet of things (IoT) and telemedicine. The main challenge in deploying high-
frequency bands in heavy precipitation areas is severe rain attenuation. In this paper, a frequency scaling technique was
developed to estimate the fade margin at a higher frequency. The worst month analysis was also conducted since the
analysis is also important in determining dependable fade margin. The result was evaluated and analyzed using root mean
square error (RMSE) and percentage error. The proposed model offers the smallest RMSE and lowest percentage error
when compared to all existing prediction models. A dependable fade margin acquired from high-accuracy rain attenuation
estimation is very important. This is to apply the best mitigation technique in overcoming rain attenuation in the satellite-
Earth link so that, the best system performance can be delivered. © 2023 Institute of Advanced Engineering and Science. All
rights reserved.

Author Keywords
Frequency scaling;  Rain attenuation;  Satellite-earth link;  Tropical region;  Worst month

References
Samat, F., Singh, M. S. J.
Impact of rain attenuation to Ka-Band signal propagation in tropical region: a study
of 5-year MEASAT-5's Beacon measurement data
(2020) Wireless Personal Communications, 112 (4), pp. 2725-2740. 
Jun

Ting, T. S., Mandeep, J. S.
Analysis of worst-month relationship with annual rain attenuation in Malaysia
(2014) Research Journal of Applied Sciences, Engineering and
Technology, 7 (7), pp. 1453-1455. 
Feb

Islam, M. R., Budalal, A. A. H., Habaebi, M. H., Badron, K., Ismail, A. F.
Performance analysis of rain attenuation on earth-to-satellite microwave links
design in Libya
(2017) IOP Conference Series: Materials Science and Engineering, 260. 
Nov

Acharya, R.
Tropospheric impairments: measurements and mitigation
(2017) Satellite Signal Propagation, Impairments and Mitigation, pp. 195-245. 
Elsevier

Luini, L., Panzeri, A., Riva, C. G.
Frequency scaling model for the prediction of total tropospheric attenuation time
series at EHF
(2021) IEEE Transactions on Antennas and Propagation, 69 (3), pp. 1569-1580. 
Mar



7/18/23, 4:30 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1665002723&eid=2-s2.0-85151889035&sort=&clickedL… 2/4

Singh, M. S. J., Saleh, W. S. W.
Comparison of rain attenuation model for equatorial climate
(2021) 2021 7th International Conference on Space Science and Communication
(IconSpace), pp. 275-280. 
Nov

Shrestha, S., Choi, D.-Y.
Characterization of rain specific attenuation and frequency scaling method for
satellite communication in South Korea
(2017) International Journal of Antennas and Propagation, pp. 1-16. 

Kamruzzaman, M., Islam, M. S.
Rain attenuation prediction for satellite communications link at Ku and Ka bands
over Bangladesh
(2014) 2014 International Conference on Electrical Engineering and Information and
Communication Technology, pp. 1-6. 
Apr

Kesavan, U., Islam, M. R., Abdullah, K., Tharek, A. R.
Rain attenuation prediction for higher frequencies in microwave communication
using frequency scaling technique
(2014) 2014 International Conference on Computer and Communication
Engineering, pp. 217-219. 
Sep

Maruddani, B., Kurniawan, A., Sugihartono, S., Munir, A.
Prediction method for rain rate and rain propagation attenuation for K-Band satellite
communications links in tropical areas
(2014) Journal of ICT Research and Applications, 8 (2), pp. 85-96. 
Dec

Nalinggam, R., Ismail, W., Mandeep, J. S.
Rain-induced attenuation for Ku-band satellite communications in the west coast of
Peninsular Malaysia, Penang
(2012) Annals of telecommunications-annales des télécommunications, 67 (11-
12), pp. 569-573. 
Dec

Shrestha, S., Choi, D.-Y.
Study of rain attenuation in Ka band for satellite communication in South Korea
(2016) Journal of Atmospheric and Solar-Terrestrial Physics, 148, pp. 53-63. 
Oct

Kesavan, U., Tharek, A., Rafiqul-Islam, M.
Rain attenuation prediction using frequency scaling technique at tropical region for
terrestrial link
(2013) Progress in Electromagnetics Research Symposium, 28. 
Taipei, March, 25

Lam, H. Y., Luini, L., Din, J., Capsoni, C., Panagopoulos, A. D.
Investigation of rain attenuation in equatorial Kuala Lumpur
(2012) IEEE Antennas and Wireless Propagation Letters, 11, pp. 1002-1005. 

Lam, H. Y., Luini, L., Din, J., Capsoni, C., Panagopoulos, A. D.
Performance of SatCom systems implementing time diversity in equatorial Malaysia
(2014) The 8th European Conference on Antennas and Propagation (EuCAP
2014), pp. 511-514. 
Apr

Brisseau, O., Mallet, C., Barthes, L., Marsault, T.
Frequency scaling of rain attenuation based on microphysical characteristics for



7/18/23, 4:30 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1665002723&eid=2-s2.0-85151889035&sort=&clickedL… 3/4

SatCom links
(2006) IEE Proceedings-Microwaves, Antennas and Propagation, 153 (6). 

Islam, M. R., Chebil, J., Tharek, A. R.
Frequency scaling of rain attenuation from 23- to 38-GHz microwave signals
measured in Malaysia
(1999) 1999 Asia Pacific Microwave Conference. APMC'99. Microwaves Enter the 21st
Century. Conference Proceedings (Cat. No.99TH8473), pp. 793-796. 

Laster, J. D., Stutzman, W. L.
Frequency scaling of rain attenuation for satellite communication links
(1995) IEEE Transactions on Antennas and Propagation, 43 (11). 
Nov

Samad, M. A., Choi, D.-Y.
Scaling of rain attenuation models: a survey
(2021) Applied Sciences, 11 (18). 
Sep

Propagation data and prediction methods required for the design of Earth-space
telecommunication systems
(2017) Recomm. ITU-R P.618-13, 13. 
ITU-R

Vidyarthi, A., Biswas, R., Jassal, B. S., Shukla, A. K.
Frequency scaling of slant path rain attenuation for fade mitigation in satellite
communication
(2016) 2016 International Conference on Emerging Trends in Communication
Technologies (ETCT), pp. 1-4. 
Nov

Zhou, Z. X., Li, L. W., Yeo, T. S., Leong, M. S.
Cumulative distributions of rainfall rate and microwave attenuation in Singapore's
tropical region
(2000) Radio Science, 35 (3), pp. 751-756. 
May

Abubakar, I., Bin Din, J., Yin, L. H., Alhilali, M.
Rain attenuation in broadband satellite service and worst month analysis
(2019) Indonesian Journal of Electrical Engineering and Computer Science
(IJEECS), 15 (3), pp. 1443-1451. 
Sep

Yagasena, A., Hassan, S. I. S.
Worst-month rain attenuation statistics for satellite-Earth link design at Ku-band in
Malaysia
(2000) 2000 TENCON Proceedings. Intelligent Systems and Technologies for the New
Millennium (Cat. No.00CH37119), 1, pp. 122-125. 

Mandeep, J. S., Hassan, S. I. S., Tanaka, K.
Rainfall effects on Ku-band satellite link design in rainy tropical climate
(2008) Journal of Geophysical Research: Atmospheres, 113. 
Mar

Islam, R., Rahman, T. A., Karfaa, Y.
Worst-month rain attenuation statistics for radio wave propagation study in
Malaysia
9th Asia-Pacific Conference on Communications, pp. 1066-1069. 
(IEEE Cat 03EX732)

Correspondence Address
Sabrina Suhaimi N.H.; Submarine Technology Branch, Perak, Malaysia; email: hanis.sabrinasuhaimi@gmail.com



7/18/23, 4:30 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1665002723&eid=2-s2.0-85151889035&sort=&clickedL… 4/4

Publisher: Institute of Advanced Engineering and Science

ISSN: 20888708
Language of Original Document: English
Abbreviated Source Title: Int. J. Electr. Comput. Eng.
2-s2.0-85151889035
Document Type: Article
Publication Stage: Final
Source: Scopus

Copyright © 2023 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.


