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Abstract v View references (27)

Rainfall in tropical environments acts as a dominant parameter for estimating the availability of free-space optics
(FSO). Long fades are caused by precipitation in particular heavy rains, and this precipitation increases atmospheric
attenuation due to rain and reduces the availability of optical power from FSO links. In this paper, the link availability
of an FSO system is estimated under the impact of rain in a tropical climate. The influence of rain on the propagation
of FSO signal is investigated based on experimental and statistical analyses of rain-rate measurements under tropical
conditions. Rain-rate data are measured in Malaysia for three years and used to estimate the availability of FSO links.
Models developed in Malaysia are used to predict atmospheric attenuation due to rain. Long-term statistical
measurements of rain data can enable good estimation of link availability. Based on the prediction model and
measured rain-rate data, the FSO link budget is analyzed, and the link availability as a function of distance is
predicted. Carrier class availability limits the FSO link to a few hundred meters only, whereas enterprise class
availability can exceed FSO links over a few kilometers long. © 1983-2012 IEEE.

Author keywords

Availability ~ free-space optics  rain attenuation  rain rate

Indexed keywords

Engineering Availability

controlled terms:

Budget control  Electromagnetic wave attenuation ~ Optical communication

Optical fiber communication ~ Optical fibers  Optical losses  Optical receivers

Precipitation (meteorology) ~ Space optics ~ Tropics

Compendex keywords Attenuation Free space optics ~ Optical attenuators ~ Rain attenuation Rain rates

Engineering main Rain

heading:

Funding details

Funding number  Funding sponsor Acronym  Funding opportunities
Ministério da Ciéncia, Tecnologia e Inovacio MCTI See opportunities by MCTIA
International Islamic University Malaysia IIUM See opportunities by IlUMZ

Funding text

Manuscript received March 22, 2016; revised August 18, 2016 and June 17, 2017; accepted July 15, 2017. Date of
publication July 26, 2017; date of current version September 5, 2017. This work was supported in part by the Research
Management Centre of the International Islamic University Malaysia, in part by the Ministry of Science, Technology

Metrics @ View all metrics >

1 Citation in Scopus

1.18 Field-Weighted

Citation Impact

S

PlumX Metrics v
Usage, Captures, Mentions,
Social Media and Citations

beyond Scopus.

Cited by 1 document

Availability prediction methods
for terrestrial free-space-optical
link under tropical climate

Basahel, A. , Islam, M.R. ,
Habaebi, M.

(2018) Indonesian Journal of
Electrical Engineering and
Computer Science

View details of this citation

Inform me when this document
is cited in Scopus:

| Set citation alert > |

Set citation feed >

Related documents

Availability analysis of free-space-
optical links based on rain rate
and visibility statistics from
tropical a climate

Basahel, A. , Rafiqul, I.M. , Suriza,
AZ.
(2016) Optik

Effect of Rain &Haze on
Availability of Terrestrial Free
Space Optical Link under Tropical
Weather Conditions

Basahel, A., Islam, M.R., Suriza,
AZ.

(2016) Proceedings - 6th
International Conference on
Computer and Communication
Engineering: Innovative


https://www.scopus.com/home.uri?zone=header&origin=searchbasic
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&st1=Availability+assessment+of+free-space-optics&st2=&sid=eedfc04c53c16aed59d1bd22d54c7d66&sot=b&sdt=b&sl=51&s=TITLE%28Availability+assessment+of+free-space-optics%29&offset=1&origin=recordpage
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fJLT.2017.2732459&locationID=1&categoryID=4&eid=2-s2.0-85029164328&issn=07338724&linkType=TemplateLinking&year=2017&zone=outwardlinks&origin=recordpage&dig=fa0b45ed6d3fb40a846da03f5dea8f0b&recordRank=
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fJLT.2017.2732459&locationID=1&categoryID=4&eid=2-s2.0-85029164328&issn=07338724&linkType=ViewAtPublisher&year=2017&origin=recordpage&dig=94ee187fa16724447c575e974b7e6855&recordRank=
https://www.scopus.com/sourceid/12178?origin=recordpage
https://www.scopus.com/authid/detail.uri?authorId=56539859900&amp;eid=2-s2.0-85029164328
mailto:ba_sahal@hotmail.com
https://www.scopus.com/authid/detail.uri?authorId=57004132300&amp;eid=2-s2.0-85029164328
mailto:rafiq@iium.edu.my
https://www.scopus.com/authid/detail.uri?authorId=22433945200&amp;eid=2-s2.0-85029164328
mailto:suriza@iium.edu.my
https://www.scopus.com/authid/detail.uri?authorId=6602298043&amp;eid=2-s2.0-85029164328
mailto:habaebi@iium.edu.my
https://www.mendeley.com/research-funding/501100003545/opportunities?dgcid=scopus_referral_fundingacknowledgement
https://www.mendeley.com/research-funding/501100007297/opportunities?dgcid=scopus_referral_fundingacknowledgement
https://www.scopus.com/standard/help.uri?topic=12031
javascript:void(0)
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85040944683&citeCnt=1&noHighlight=false&sort=plf-f&src=s&st1=Availability+assessment+of+free-space-optics&st2=&sid=eedfc04c53c16aed59d1bd22d54c7d66&sot=b&sdt=b&sl=51&s=TITLE%28Availability+assessment+of+free-space-optics%29&relpos=0
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=56539859900&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=57004132300&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=6602298043&zone=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85029164328&src=s&origin=recordpage
https://www.scopus.com/alert/form/document.uri?eid=2-s2.0-85029164328&ATP=document&discoveryEngineID=scopusdoccite&discoveryEventID=NEW&mode=C&AID=NEW&origin=recordpage&view=extended
https://www.scopus.com/results/rss/handler.uri?citeEid=2-s2.0-85029164328
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-84984644953&citeCnt=1&noHighlight=false&sort=plf-f&src=s&st1=Availability+assessment+of+free-space-optics&st2=&sid=eedfc04c53c16aed59d1bd22d54c7d66&sot=b&sdt=b&sl=51&s=TITLE%28Availability+assessment+of+free-space-optics%29&relpos=0
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56539859900&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=55384065100&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=51665925000&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85015073590&citeCnt=1&noHighlight=false&sort=plf-f&src=s&st1=Availability+assessment+of+free-space-optics&st2=&sid=eedfc04c53c16aed59d1bd22d54c7d66&sot=b&sdt=b&sl=51&s=TITLE%28Availability+assessment+of+free-space-optics%29&relpos=1
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56539859900&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=55353037200&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=51665925000&zone=relatedDocuments

and Innovation and in part by MIMOS Berhad. (Corresponding author: Md. Rafiqul Islam.) The authors are with the

Department of Electrical and Computer Engineering, International Islamic University Malaysia, Kuala Lumpur 50728,

Malaysia (e-mail: ba_sahal@hotmail.com; rafig@iium.edu.my; suriza@iium. edu.my; habaebi@iium.edu.my).

ISSN: 07338724

CODEN: JLTED

Source Type: Journal
Original language: English

DOI: 10.1109/JLT.2017.2732459

Document Type: Article

Publisher: Institute of Electrical and Electronics
Engineers Inc.

References (27) View in search results format >
All Export (5 Print 5 E-mail Save to PDF  Create bibliography
1 Khalighi, M.A., Uysal, M.

Survey on free space optical communication: A communication theory perspective

(2014) IEEE Communications Surveys and Tutorials, 16 (4), art. no. 6844864, pp. 2231-2258. Cited 301
times.

http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=9739

doi: 10.1109/COMST.2014.2329501

View at Publisher

Nadeem, F., Kvicera, V., Awan, M.S., Leitgeb, E., Muhammad, S.S., Kandus, G.
Weather effects on hybrid FSO/RF communication link
(2009) /EEE Journal on Selected Areas in Communications, 27 (9), art. no. 5342328, pp. 1687-1697. Cited 93

times.
doi: 10.1109/JSAC.2009.091218

View at Publisher

Achour, M.
Simulating atmospheric free-space optical propagation: Part I, rainfall attenuation
(2002) Proceedings of SPIE - The International Society for Optical Engineering, 4635, pp. 192-201. Cited 37

times.
doi: 10.1117/12.464100

View at Publisher

Kim, I.I., McArthur, B., Korevaar, E.J.
Comparison of laser beam propagation at 785 nm and 1550 nm in fog and haze for optical wireless

communications
(2001) Inf Technol., 2000, pp. 26-37. Cited 7 times.

Kim, I.I., Korevaar, E.

Availability of Free Space Optics (FSO) and hybrid FSO/RF systems

(2001) Proceedings of SPIE - The International Society for Optical Engineering, 4530, pp. 84-95. Cited 106
times.
doi: 10.1117/12.449800

View at Publisher

ljaz, M., Ghassemlooy, Z., Pesek, J., Fiser, O., Le Minh, H., Bentley, E.

Modeling of fog and smoke attenuation in free space optical communications link
under controlled laboratory conditions

(2013) Journal of Lightwave Technology, 31 (11), art. no. 6497447, pp. 1720-1726. Cited 49 times.
doi: 10.1109/JLT.2013.2257683

View at Publisher

Technologies to Serve Humanity,
ICCCE 2016

Proposed rain attenuation
prediction method for free space
optical link based on rain rate
statistics

Basahel, A., Rafiqul, .M.,
Habaebi, M.H.
(2015) ARPN journal of
Engineering and Applied
Sciences

View all related documents based
on references

Find more related documents in
Scopus based on:

Authors >  Keywords >


https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=717a5c9f66ba28086afe3c4a3e95dae7&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85029164328%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85029164328
https://www.scopus.com/record/display.uri?eid=2-s2.0-84913587515&origin=reflist&sort=plf-f&src=s&st1=Availability+assessment+of+free-space-optics&st2=&sid=eedfc04c53c16aed59d1bd22d54c7d66&sot=b&sdt=b&sl=51&s=TITLE%28Availability+assessment+of+free-space-optics%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85029164328&refeid=2-s2.0-84913587515&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=9739
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fCOMST.2014.2329501&locationID=3&categoryID=4&eid=2-s2.0-84913587515&issn=1553877X&linkType=ViewAtPublisher&year=2014&origin=reflist&dig=d71d31ac2b28b13ba00f687b98e64462&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-77956292172&origin=reflist&sort=plf-f&src=s&st1=Availability+assessment+of+free-space-optics&st2=&sid=eedfc04c53c16aed59d1bd22d54c7d66&sot=b&sdt=b&sl=51&s=TITLE%28Availability+assessment+of+free-space-optics%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85029164328&refeid=2-s2.0-77956292172&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fJSAC.2009.091218&locationID=3&categoryID=4&eid=2-s2.0-77956292172&issn=07338716&linkType=ViewAtPublisher&year=2009&origin=reflist&dig=741a209848fb658c302cb49346d90db5&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-0036053226&origin=reflist&sort=plf-f&src=s&st1=Availability+assessment+of+free-space-optics&st2=&sid=eedfc04c53c16aed59d1bd22d54c7d66&sot=b&sdt=b&sl=51&s=TITLE%28Availability+assessment+of+free-space-optics%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85029164328&refeid=2-s2.0-0036053226&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1117%2f12.464100&locationID=3&categoryID=4&eid=2-s2.0-0036053226&issn=0277786X&linkType=ViewAtPublisher&year=2002&origin=reflist&dig=dbaef65fb6a73400530a0ebcda418bb6&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85029164328&refeid=2-s2.0-0003095602&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-0035768023&origin=reflist&sort=plf-f&src=s&st1=Availability+assessment+of+free-space-optics&st2=&sid=eedfc04c53c16aed59d1bd22d54c7d66&sot=b&sdt=b&sl=51&s=TITLE%28Availability+assessment+of+free-space-optics%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85029164328&refeid=2-s2.0-0035768023&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1117%2f12.449800&locationID=3&categoryID=4&eid=2-s2.0-0035768023&issn=0277786X&linkType=ViewAtPublisher&year=2001&origin=reflist&dig=c14541207558556dc257ef232a316aa0&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84877762205&origin=reflist&sort=plf-f&src=s&st1=Availability+assessment+of+free-space-optics&st2=&sid=eedfc04c53c16aed59d1bd22d54c7d66&sot=b&sdt=b&sl=51&s=TITLE%28Availability+assessment+of+free-space-optics%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85029164328&refeid=2-s2.0-84877762205&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fJLT.2013.2257683&locationID=3&categoryID=4&eid=2-s2.0-84877762205&issn=07338724&linkType=ViewAtPublisher&year=2013&origin=reflist&dig=5e6c87d57a174ac292f5dff3ee22c6af&recordRank=
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-84953426297&citeCnt=1&noHighlight=false&sort=plf-f&src=s&st1=Availability+assessment+of+free-space-optics&st2=&sid=eedfc04c53c16aed59d1bd22d54c7d66&sot=b&sdt=b&sl=51&s=TITLE%28Availability+assessment+of+free-space-optics%29&relpos=2
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56539859900&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=55384065100&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=6602298043&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85029164328&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85029164328&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85029164328&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments

