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[. INTRODUCTION

Free space optics (FSO) are the communicationmyistevhich the information is sent from transmitter
receiver through the atmosphere as unguided medBenerally, the type of communication is line-afgi (LOS).
The distance may vary from few meters to few kiltere in earth’s atmosphere and can extend to tihdsgsaf
kilometers in satellite to satellite communicat{@h FSO provides tremendous data rate upto 10@spompared
to optical fiber which used fiber as guided medi&O has wide range of applications in video suksile and
monitoring, cellular systems, security, broadcastimd military systems [2]. It is marked as thedasmode of
communication, however, it may tackle a number mmpairments while transferring of data through tlebt
atmospheric channel. Because of air as link, FSffésted by various impairments before reachingegiver end.
There may be geometric loss, atmospheric loss @éegt haze, rain etc.; misalignment loss due totpw errors
and many more. Turbulence induced fading leads dgratlation in performance metrics, such as, out

probability, bit error rate (BER) and signal-to-seiratio (SNR) which may lead to reduction in tlystam

) <O FSO beam O>
RF

¥ i

|
Data F| L A Data
A
In Ou
— AT“"“‘"L‘"—
J

performance[3].

Figure 1. Schematic of Hybrid FSO/RF System [4]

www.tjpre.org editor @jprc.org



26 Navdeep Kaur & Harmeet Singh

One of the recent remedy for the above mentiongpladations is Hybrid Free Space Optics /Radio Ferqy
(Hybrid FSO/RF) technique in which the FSO linksaas the primary communication channel and RF aidanused in
case of high turbulence in atmosphere or in casditk gets destroyed due to natural calamity an&én activity. Free
space optical communication and millimeter wavetbngadio frequency (FSO/RF) provides high capaciging
unlicensed frequencies. The RF link provides badkughe communication system in case the FSO détstad with

different atmospheric conditions, such as, fog ama causing high loss to data [5].

Hybrid FSO/RF has numerous applications like aineprmobile communication and terrestrial appliazio
because of its potential backup link. This papearisattempt to review some of the recent reseatksndone by some
renowned researchers globally, which could be benéffor advanced research in the field of hyb#$O/RF

communication. Apart from this, an attempt to dsscthe future scope of research in this field idenia brief.

The rest of the paper is organized as follows: datisn |l literature survey on the research workvafious
researchers in the field of hybrid FSO/RF is darastion Il provides the future scope, followeddmnclusion in section

IV and references in the end.

II. LITERATURE SURVEY ON HYBRID FSO/RF

The research work in the field of Hybrid FSO/RFdmyne globally prominent researchers in the perfdtDa5 to

2019 has been reviewed and presented as follows:

Tamer Rakia, et.al., (2015)analyzed hybrid FSO/RF communication system baseddaptive combing with a
dual branch maximal ratio combiner at the receside. Commutative Distribution function expressisrestimated and
used to find the outage probability and transmisgiower. The results show that hybrid FSO/RF systétin adaptive

combining performs better in adverse atmosphemclitons than conventional one [6].

KuldeepKumaret, et al, (2015)presented quantize and encode relaying for théysieeof each bit with log
likelihood ratio (LLR) into the symbol and at theceiver information is transmitted using the higked FSO and hybrid
FSO/RF link. The results show that relaying withG-Bnd without FEC code gives an improved gain usipimal
symbol mapping [7].

Tamer, et.al., (2015) considered power adaptation strategies for hyl®O/RF system using adaptive
combining. They proposed two strategies in which dapends on the received RF-SNR whereas the systeased on
combined SNR of both links. The expressions foragatprobability with and without adaptation areivt and the

results show that system with power adaptation iaegjhigher outage performance as compared tothes {8].

Lei Kong, et. al., (2015 derived the closed form exact and asymptotic mamenerating function in a dual hop.
They calculated the average symbol error rate (ASERI- array phase shift keying (PSK), differehf®5K (DPSK) and
no coherent. Further, they evaluated ASER for K @agnma-Gamma distributions, followed by ASER inigedton for
high SNR [9].

AbirTouatiet, et. al., (2015) presented a case study on the performance ofh@fVRF system on the harsh
environment of region of Qatar. They modeled chafading based on soft switching approach and itefstate Markove
chains (FSMC) and derived the expression for outagdability. Further, they investigated the pemfance of the

proposed system under hazy and harsh weather. €& Raptor code interface was used to implemsaoit gwitching
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algorithm and the results show that proposed dlyorrenders lesser outage probability of hybridesys[10].

Vuong V. MAI, et. al., (2015) proposed hybrid FSO/RF system with adaptive mat#ifAMR) concept for
switching between two links of the system. Furthbe cross layer design of AMR switching was présgirusing
automatic repeat request (ARQ) scheme analytiGahdéwork using Markov Chain model was developedsfmtem
analysis using metrics of frame error rate, goodgma link switching over fading channel. The résobtained verify the

outperformance of the proposed system over theezdional one [11].

EhsanSoleimani -Nasab et al., (201%nalyzed mixed RF/ FSO system with generalizedngaturbulence with
pointing error and Nakagami — m fading. Closed faxpression for outage probability and bit erroohability with
Meijer's-G and two variable FOX-H functions. Furththey provided diversity gain analysis. Resulftsvg that outage and

bit error rate probability is affected asymmetriccampared to symmetric interference [12].

MarziehNajafi et.al., (2016), worked on throughput maximization in parallel HgbFSO/RF relay channel in
which data was transmitted from source node toirtigin using multiple relays whereas nodes arboganal to each
other. They derived the optimal relay selection aptimal time allocation policies and a gain isreased using proposed

adaptive protocol as compared to conventional &8¢ [

AbirTouati, et.al., (2016) modelled closed form expression for bit error @ER) of FSO link with path loss,
atmospheric and misalignment fading using on -keffing and Gamma-Gamma distribution. They calcdldhe effects
of the combined fading on the outage probability f@rious strengths of turbulence and pointing mrravith
16-Quardrature Amplitude Modulation (QAM) and Riti@hannel fading. The results show that degradatiolink

performance becomes prominent with pointing erfb43.

Saeede, et.al., (201§roposed a relay based FSO system for backhapbpearinvolving orthogonal frequency
division multiple access setting. They proposedsource allocation scheme to enhance the throughmamparison to
single FSO link in foggy conditions. The draw mentd by them relates to the use of large numbeglafs which could
be reduced to half the number [15].

Vabhid, et. al., (2016)considered a cascade RF and Hybrid RF/FSO in wigehs transmit the data over RF link
via relay node which is further forwarded to thestd®tion through RF/FSO link . Fixed and adaptin& polices were
derived for both delay limited and delay toleramansmission. They considered DT-AL, DL-AL, DT-FLABL-FL link
polices to study the throughput for particular gedad signaling overheads. They proposed the futori as extension to
the work done in this paper with other network #&mttiures such as multi-hop serial / two hop patatlay architecture
[16].

BehroozMakki, et. al., (2016)analyzed the performance of hybrid FSO/RF linksuasng perfect channel start
information (CSI) at the receiver for with and vath hybrid automatic repeat request (HARQ). Thegved the closed
from the expression for decoding probabilitiesptighput and outage probability. Moreover the adaptiower allocation

on throughput and outage probability were evaluft&il

MarziehNajafi, et. al., (2016)tackled the problem of maximizing throughput irrglkel hybrid RF/FQ relay
channel. Relay system with and without buffer wetedied and optimal relay selection and optimaletiadlocation

policies were derived. Moreover, sub optimal bufeted policy was purposed to introduce averagaysdl8].
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Li chen, et.al., (2016Miscussed multiuser diversity over parallel andrid/FSO/RF. A hybrid FSO/RF point to
multipoint system was proposed with link qualityheduling technique. An asymptotic closed form egpi@n for outage

probability and average bit error rate were anal\j2®)].

Tamer, et.al., (2017)presented hybrid FSO/RF link analyzing point tdtipaint (P2MP) network. They studied
performance of system by metrics of throughput froemtral node to tagged node, transit buffer sizenbol delay,
symbol loss probability and link utilization. Thesults shows that P2MP hybrid FSO/RF system peddogiter than
simple PMP —FSO system [20].

KapalaVinodKiran, et. al., (2017) designed and experimentally verified hybrid FSO/Rifstem for
communication between two computers under diffeotainnel conditions involving hard switching. ISMduency band
was used for RF communication link, which can gikke motivational results for the current and futtn@nsmission

system [21].

Yan Wil, et.al., (2017) considered dynamic link selection, power allocatiand reliability guarantees for
transmission of data in hybrid FSO/RF link to reelube power consumption. Lyapunov optimization witbtion of
reliability queues was used to design dynamic Eelection and power allocation (DLSPA) algorithnieTresult shows
that the power consumption can be reduced at teeafaeliability queue occupancy. The analyticedults are verified

through simulations [22].

Shubha, et. al., (2017proposed a switching scheme in a dual hop scebased on decode and forward (DF)
relaying, where Nakagami-m and log normal distiitmg were considered for cumulative distributiomdtion (CDF),
Probability density function (PDF) and outage ptulity in closed from using Monte Carlo simulationtis observed that

the present system performs better than to vapargmeter of FSO links as compared to severe fadfiR§ links [23].

U.A. Karai, et. al., (2017)represented a case study of the area of Hyder&zddistan) where the effect of fog is
negligible, however attenuation due to rain is gigant. CCDF’s of rain at both the links were adbted . The result
shows that the desired data rate of hundreds o6 @bpld be achieved with simple OOK modulation ik length less

than a few hundred meters [24].

Shubha Sharma et.al., (2017)proposed a multiple- input-single-output (MISO)ohyg FSO/RF with transmit
aperture/antenna selection (TAS) scheme. The pegbsgstem was based on signal to noise ratio(SNRYR is greater
than threshold then FSO’s best link is used wheliesof RF subsystem is used if SNR is less thaeshold value.
Outage probability and average symbol error raER)Sof MISO and MISO hybrid FSO/RF were calculaf2s].

Mohammad Ali Amirabadi, et. al., (2018) presented a relay assisted hybrid FSO/RF systewhioh a relay
through RF link communicates with mobile users whsra FSO link communicates with base station.cldeed from
expression for BER and outage probability werewagkifor fixed and adaptive gain relay schemes andied through
simulations. The results show that the fixed gaisteam involves less complexity, more power consionpand better

performance [26].

Banibrata, et.al., (2018)proposed a multimeter wavelength (MMW)radio frenueFSO link used as backup in
severe atmospheric conditions effecting the FS®. lithey derived the mathematical expression foagetprobability,
average bit error rate(BER) and capacity. For imace fluctuation, Gamma- Gamma distribution isdutdlowed by

Rayleigh fading for multipath transmission [27].
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M. Nasir Khan, et. al., (2018)developed a throughput maximization algorithm (TMér an adaptive FSO-radio
frequency (RF)communication system in which thefgrerance is analyzed using regular and right ragiaia density
parity check (LDPC) codes . The result shows thattMA gives 2.25db higher gain in all weather dtinds using right
regular LDPC code [28].

Mohammad Ali Amirabadi, et. al., (2018)presented a dual hop relay assisted hybrid FSB§REEM in which
an access point connected the users to the bdisa sia the proposed system, which showed thap#rellel combination
of FSO and RF links along with the access pointeased the capacity, reliability and the data rate FSO link was
investigated using Gamma distribution with pointargors and RF links was analyzed using Rayleiginta Closed form

expression for bit error and outage probability Wasved and verified using matlab simulation [29].

Maged A.Esmail, et. al.,(2019kxperimentally analyzed the performance of aliaghtFSO link with 1G baud
information using 16-Quadrature Amplitude Modulati@AM) 5G signal under dusty environment . Theyndestrated
the results in terms of low visibility range, sexéit error rate and error vector magnilude (EVM) 2.7 m channel
length. The BER and EVM were improved upto’ 1@ 200m of range. Further, the FSO and RF chanmete compared
for some dusty environment and the results obtasfedved that RF link is almost negligible effecésdcompared to FSO
link. To further improve system performance, hylwmascaded FSO/RF link was installed [30].

ElyesBalti, et.al., (2019)presented a dual — hop RF/FSO system using nuiltgdhys based on amplify and
forward (AF) with fixed gain. Channel state inforima (CSI) was used with partial relay selection§?RDouble —
Weibull fading was subjected by optical whereasl&gh fading was experienced by RF channel. Fordeption either
heterodyne or intensity modulation and direct dé&eqIM/DD) technique was used. The model of haaidwimpairments
was introduced to source (S) and relays to quatitdyeffect of impairments. The closed form forthBNR asymptotic of

outage probability (OP) and the ergodic capacityevekerived using Monte-Carlo simulations [31].
Ill. FUTURE SCOPE

From the above mentioned work, it is evident thdarge amount of work has been done in the recast. p
However, there is always a scope to improve arat mbre can be further done in this field. Som¢hefideas which can

be incorporated are as follows:

* It is seen that very less work is done by introttuciof pointing errors in Hybrid FSO/RF system. Tidfere,
pointing errors being an important metric to analyze system performance should be introduceddreater
extent and different possibilities with this togibould be explored. Hence, it may contribute targd scope in

research in this area.

» Phase noise, being an important study area in B8O plays an important role in data transferetiqgets added
to the light signal as it passes through the temiuthannel and hence deteriorated the signalturty she effect
of phase noise on Hybrid FSO/RF signal, more wakto be done by the researchers.

e It is observed that very less number of the fadihgnnel distributions have been used to study ylséem
performances. The research work can be extendedomsbined channel distributions, developed by the

combination of different channel models.
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» More recent modulation techniques can be introducesiudy the effect of atmospheric turbulence oth fFSO
and RF) links.

IV. CONCLUSIONS

This paper is an attempt to review an emergingl fielan optical communication system, i.e., HydF8lO/RF
system. The literature survey in this field, foperiod of 2015 to 2019 by eminent researchers adiesglobe, has been
carried out and added in this paper. After revigwihis area of research, gaps have been foundrubimentioned in

section 11l for possible future work.
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