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3BOJIIOLUA PATUOCBSA3HU IO ONITUYECKOMY KAHAJTY CBSI3U
B CBOBOJJHOM ITPOCTPAHCTBE C UCI10J1b30BAHUEM
MYJIbTUIIIEKCUPOBAHUSA MMOJHECYIIUX C AMILIUTY AHOM
MAHUIYJISIIUEN

B becnposoonvix cucmemax u cemsax ommeuaemcs 8blCOKULL Cnpoc Ha paouoceszb No Onmu-
yeckoMy Kauaury cessu 6 coboonom npocmpancmee (ROFSO) ¢ wupoxoii nonocoil nponyckanus u
8bICOKOLL CKOPOCMbIO nepedayu 0anuvix. Takas ces3b obecneyusaem makylo Jice CKOpoCmy nepe-
0auu OaHHBIX, KAK 8 60JOKOHHO-ONMUYECKUX CUCTEMAX, HO NPU MeHbulel CIMouMoCcmu Ha e pas-
eéépmuwisanue. Cucmemovt ROFSO peanuszyromes xombunuposanuem paouocuenana (RF) ¢ onmuue-
CKUM CUSHANOM 011 6eCnpoBOOHbIX KaHAN08 8 c80000HOM npocmpancmee (FSO). Ipednacaemcs
MOOeNUposanue CUCmembl ¢ MyJTbMUNIEKCUPOBAHUEM NOOHECYWUX C AMNIUMYOHOU MAHUNYIAYUel
(SCM/ASK) onst onmuueckoii ceszu 6 ceob6o0nom npocmpancmee. B cucmeme Cropocmo nepeda-
4y dauuwlx npunama paguou 1 I'oum/c. DneKmporubIl AMIAUMYOHBIL MOOYAAMOP HACMPOEH Ha
paouocuenan 10 I'Ty. K nemy dobasraromes 100 kananoe ¢ wacmommuvlym pasHeceHuem nooHecy-
wux yacmom na 10 MI'y npu paboueii vacmome nepsoeo kanana 60 MIy. Dmu xananvl noonecy-
WUX CMEWUBAIOMCSL C 2APMOHUYECKUM PAOUOCUsHanom ¢ Hecywei yacmomoti 10 I'Ty 6 eubpuo-
nom omeemeumene co cosuzom ¢asvr ¢ 90°. Henpepwisnoe nasepnoe usnyuenue ¢ 6X00HOU MOUj-
Hocmuvio 10 0Bm u onunoil oansl 1550 HM MoOyaupyemcs cghopmupo8anHbiM paouoCUSHAIOM 8
onmuueckom LIND mooynsmope Maxa-Ilenoepa na LiNb-kpucmanne. Boixoonoii cuenan mooyius-
mopa nepedaémces nO PA3HbIM ONMUYECKUM JUHUSM C853U 8 CB0O0OHOM NPOCMPAHCMEE NPOMSi-
arcénnocmoio 300 ... 1000 m noo eozdeiicmseuem ammocgheproti mypoyienmuocmu, onpeoensiemor
CMPYKMypHOU Xapakxmepucmuxou @aykmyayuii noxkazamens npeiromienus. Cucmema oyenusaem-
cs ¢ mouku spenuss Q-do6pomnocmu u wacmomwt owubox 6um (BER) ¢ ucnonvzosanuem npo-
epammnoeo obecneuenus Optisystem. Iokazano, umo MakcumMaibHas RPOMAACEHHOCIb CE53U NPU
craboii myp6ynenmuocmu (C2 =5 x 10713 M_2/3) u BER=10"° cocmasnsiem 950 m, a npu cune-
noti mypéynenmuocmu (C2 =5x 10713 M~2/3) _ 850 .

Paouocesss, onmuyeckuil Kanai, c60600HOE NPOCMPAHCMBO; NOOHeCYUjue COCMAassouue;
MYTbMUNIEKCUPOBAHUE; AMNIUMYOHAS. MAHURYIAYUSL, onmudeckuti mooyismop Maxa-ILlenoepa;
yacmomol OWUOOK 6Gum; 00OPOMHOCHb.
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EVOLUTION OF RADIO OVER FREE SPACE OPTICAL COMMUNICATION
UTILIZING SUBCARRIER MULTIPLEXING / AMPLITUDE SHIFT KEYING

The high demand for increased bandwidth, data rate and quality in optical communication
systems in modern applications. Radio over free space optics (RoOFSO) is deemed a new design
methodology over wireless systems and networks. This technique has to ensure data rates like ones
presented by means optical fiber communication techniques in keeping with a portion of its ar-
rangement cost. Such systems are implemented by combined radio signal (RF) with optical signal,
which containing various wireless administrations and Free Space Optics (FSO) link. In this pa-
per, the simulation and evaluation system of Subcarrier Multiplexing/Amplitude Shift Keying
(SCM/ASK) transmitter for Free Space Optical Communication is proposed. 1Gb/s data Rate giv-
en to the system. Whilst 10 GHz radio frequency signal setting in electrical amplitude modulator.
Thereafter, radio signal is added with 100 subcarrier channels of 10 MHz spacing channel at
operated first channel frequency of 60 MHz. These subcarrier channels with 90° combined with
10 GHz sin wave signal ( radio frequency ) at hybrid coupler, the combination of each subcarriers
and radio signal are modulated by LiNb Mach-Zehnder optical modulator with 1550 nm wave-
length continues wave laser signal at 10 dBm input power. The optical modulated signal (after
optical modulator) is transmitted over a various free space optical link from 300m to 1km under
the Atmospheric turbulence effect (the structure feature of the refractive index). The system is
evaluated utilizing Opti system software with Q-factor and BER terminology. It is shown that the
maximum optical distance for weak turbulence (C2 = 5 x 10~15 m~2/3) at BER equal to 107 is
950m, while the maximum optical distance for strong turbulence 2 = 5 x 10713 m~2/3) is 850m.

Subcarrier Multiplexing; Radio Over Free Space Optics; Amplitude Shift Keying (ASK);
Mach-Zehnder optical modulator; Radio Signal (RF); Q-factor, Bit Error Rate (BER).

Introduction. There have been many advantages of free space optical communica-
tion (FSO) systems or wireless optical communication, for instance large capacity, unli-
censed system, excellent protection and minimal cost-efficiency of transmitting high
data rates besides radio frequency (RF) signals with the identical size as optical fiber
[1-6]. Though, it’s a feasible technology that corresponding with point-to-point commu-
nication. FSO communication systems effectiveness is highly vulnerable to adverse at-
mospheric situations caused by fluctuations in the deflective index due to temperature
inhomogeneities and changes in pressure.[4]. Due to variations in the refractive index via
transmission signal along the path link, atmospheric turbulence affects variations (scin-
tillation) in both the intensity and phase of the received signal [2].

Many different mathematical models have recently been suggested to explain this
variation based on atmospheric turbulence in both weak and strong fading regimes in the
optical channel, such as:

1) log-normal distribution;

2) gamma-gamma distribution;

3) negative exponential dissemination [4-7].

In addition, In addition, the analysis of the malfunction probability and the median
capacity of free — space channels is evaluated, derived from the closed form expression
for the malfunction probability and the regular capacity of communication systems over
atmospheric turbulence-induced fading channels modelled by the distribution of log-
normal and gamma-gamma with regard to turbulence influences [2]. It is proposed to
simulate and compare the hybrid modulation technique namely PPM-MSK-SIM based
on PPM and MSK subcarrier strength modulation. Additionally, theoretical analysis of
the BER performance under lognormal turbulence model for an avalanche photodetector
system [8].
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In Conjunction with using the SIM-DPSK modulation method over the lognormal
turbulence channel, the performance review of the free space optical communication
system is proposed with regard to the misalignment effects. Likewise, the formulas for
the average of BER and probability have been derived [9]. For the FSO framework with
avalanche photodetector receiver, it is proposed to derive theoretical representation for
the average BER of the SIM-BPSK modulation format.

In addition, under the influence of the gamma-gamma atmospheric turbulence
model, the magnitude fluctuation of the optical signal is regarded [10]. The simulation
studies of optical communications utilized subcarrier phase shift keying intensity modu-
lation over atmospheric turbulence conditions. The bit error rate is derived for optical
system using either on/off key or subcarrier PSK intensity modulation format [11].

In relation to our knowledge, a study of the optical communication method of radio
over free space using subcarrier multiplexing / Amplitude Shift Keying was not carried
out in previous papers. Therefore, the assessment of radio over free space optical (FSO)
transmission at different free space links from 300 m to 1 km with 10 GHz radio signal
is fulfilled in this paper. It is proposed to handle all this under atmospheric turbulences
conditions (weak and strong) utilizing subcarrier multiplexer/Amplitude Shift Keying
(SCM/ASK) is suggested. In addition, the method of estimation is explained in terms of
the BER Q-factor and value.

Theoretical analysis. This section presents a brief overview of the Amplitude
Shift Keying (ASK), optical subcarrier multiplexing (SCM), optical modulation and
gamma-gamma distribution model turbulence.

A. Amplitude Shift Keying (ASK)

Amplitude shift keying is a type of amplitude modulation which characterizes the
binary data (0 or 1) for differences within the amplitude of a carrier wave. Fig. 1. is rep-
resented the waveform of the amplitude shift keying (ASK) signal, the transmitted ASK
signal for symbol i is defined by [12].

5.(6) = / ZEiT(t)

Where the amplitude phrase /2E;(t)/T will utilize M values, besides the phase
term ¢ is a constant value.

(=0 S

cos(w,t + @) ey

Binary input
sequence signal

Carrier signal _

AsK output signal [\ M M “ M “ “ M WWW

Fig. 1. Binary Amplitude Shift Keying (ASK)

B. Optical subcarrier multiplexing (SCM)

Optical subcarrier multiplexing (SCM) [13] is a system through it numerous sig-
nals are multiplexed in the radio frequencies domain as well as used to modulate with
the light signal to be transferred through a single wavelength [14]. Furthermore, this sys-
tem considers a more sensitive to noise effect and more flexible for superior data rate
diffusion in the field of optical communication to increase the efficiency of the band-
width [15]. The basic scheme of SCM is demonstrated in fig. 2.
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Fig. 2. The basic scheme of Subcarrier Multiplexing (SCM) within optical system [20]

C. Optical modulation
In optical communication systems, the electrical signal is modulated onto a light
source (carrier) by an optical modulator. The configuration of Dual-Arm LiNb Mach-
Zehnder optical Modulator is shown in fig. 3. The electric signal is divided into two sig-
nals V; and V, with 90° phase shifts between them, mathematical expression for each
signal as given in Eq. (1).
Vi (£) = Vgp cos(wgp(t) + B(8)). (2)
Where Vir, wgp(t) and @(t) correspond to the amplitude, frequency and phase of
electrical signal component correspondingly, Whereas, the yield signal of dual-arm
MZM which is define in Eq. (2) [16].
E; W _
E, = > [exp (]Tl’ 711') + exp (jnz)] 3)
Where E; is the light signal, V; and V, are the modulated electrical signals, V, is the
voltage to offer a phase shift to each phase modulator.

Electrodes

Ein Eout

» Electrodes

Fig. 3. The basic scheme Dual-Arm MZM [21]

D. Gamma-Gamma dissemination model turbulence

The gamma—gamma prototype is represent mutually small-scale in addition
large-scale atmospheric fluctuations besides factor the irradiance such as the result
of two separate random procedures, every getting a gamma PDF, as the expression
following [4, 6, 17]:

(a+b)/2
(D) = %ﬂ(ﬁb)ﬂ}—l[{a_b(z\/m)_ (4)
Flw
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Where 1" (.) is the Gamma function, K, (.) is the modified Bessel function of the se-
cond kind of order n, a and b are the active numbers of small scale what is more large
scale eddies of the scattering situation and characterized for spherical wave through ap-
erture-averaged scintillation as following [4, 18, 19]

0.4952 -
“= [exp <(1 +0.18d2 + 0.56612/5)7/6> B 1] )
and
0.5152 i
b= [exp <(1 +0.9d2 + 0.62612/5)5/6> B 1] ©

Where: d = \/kD?/4L, k = 2/ A is the optical wave number, L is the length of
the optical link and D is the receiver’s aperture diameter. The parameter 62 is the Rytov
variance given by

82 = 1.23C2k7/6L11/6, )

Through C? being the altitude-dependent turbulence strength and changing from
10" to 10" m™#* matching to the atmospheric turbulence terms.

Simulation setup. The proposed system of radio over free space optical communi-
cation utilizing subcarrier multiplexing/Amplitude Shift Keying transmitter is illustrated
in fig..4. This system is simulated using optisystem software. The design simulation as
well as system factors are inserted in table 1 and table 2 respectively.

Fig. 4. Block diagram of proposed SCM/ASK free space optical communication system

Table 1
Layout simulation parameters
Parameters Value
Bit rate G bit/s 1
Sequence length 64
Samples / bit 256
Central frequency (nm) 1550
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Table 2
System parameters
Parameters Value
ASK frequency GHz 10
Carrier generator frequency MHz 60
Sinewave generator frequency GHz 10
Optical amplifier gain dB 20
Optical amplifier power dBm 10
Optical amplifier noise figure dB 5
Free space channel attenuation dB/Km 20
APD photodiode responsivity A/W 0.9
APD photodiode dark current nA 10
Band pass Bessel filter frequency GHz 10
Bandwidth Bessel filter GHz 1
ASK demodulated frequency GHz 10
Low pass filter cutoff frequency GHz 0.6

A pseudo-random bit sequence (PRBS) initiator involves the transmitter and gen-
erates the modulation signal. The NRZ pulse generator has been utilized as low speed
electrical coded. When setting the 10 GHz radio signal in the electric amplitude modula-
tor as a baseband radio frequency converter. In this case, the frequency domain is given
by the modulation format for amplitude shift keying (ASK). On the other hand, the radio
frequency signal is modulated with subcarrier multiplexing, involving the setting of the
carrier generator at 100 channels of the 10 MHz spacing channel at the 60 MHz first
channel operated and the 10 GHz frequency of the sinewave signal generator. The 90°
hybrid coupler is provided with these combined signals. A 90° hybrid coupler breaches
the input signal into two output with 90° phase shift in the middle of each other. After
that, the subcarrier radio signals of the hybrid coupler are came to the tow arm of LiNb
Mach-Zehnder optical Modulator which modulate and adjust electrical signal to optical
domain with continuous wave laser source has the yield power 10 dBm, linewidth of 10
MHz and 1550nm wavelength. In free space link, the transmitted signals are propagated
over various lengths from 300m to 1km under different atmospheric turbulence condi-
tions (gamma-gamma distribution model), weak (C2 =5 x 107** m~?/3)and strong
C2 =5 x 10713 m~2/3). Signals are processed on the receiver side of the APD photodi-
ode used to transform optical signal to electrical signal with a 5-degree receiver gain, 0.9
A/ W responsivity and 10 nA dark current. Subsequently, the subcarrier radio signal is
transmitted at 10 GHz frequency and 1 GHz bandwidth through the electric band pass
Bessel filter configuration. Radio signal demodulated by AM electric demodulator set to
10 GHz frequency and 0.6 GHz cut-off frequency after filter.

Results. Effects are simulated using version 10 of Opti system software. The
transmission optical spectrum after the LiNb Mach-Zehnder optical modulator is shown
in fig. 5. The Q-factor values vs. transmission distance are shown in fig. 6 (free space
link from 300m to 1km) according to various atmospheric turbulence conditions (feeble

146




Paszpen II. MoaenupoBaHue npoLeccoB, yCTPOUCTB U CUCTEM

turbulence at C2 = 5 x 10~° m~2/3 and strong turbulence at C2 = 5 x 10~13 m~2/3),
At the same conditions, fig. 7 shown the values of bit error rate (BER) vs transmission
distance. The evaluation system is depending of the special value of BER equal to 107

o4
%_.
£
=
2
o4
24
15499 155 1.5501 p
Wavelength (m)
Fig. 5. optical spectrum at 1550nm wavelength after LiNb Mach-Zehnder optical
Modulator
11.676 —=&— weak turbulence
11.244
—— strong turbulence
9,979
2
=

0,25 0,3 0,35 0,4 0,45 0,5 0,55 0,6 0,65 0,7 0,75 0.8 0,85 0,9 0,95 1 1,05

Transmission Distance ki

Fig. 6. Q-factor vs transmission distance for (CZ = 5 x 1075 m~2/3) frail turbulence (Blue line)
and C2 = 5 x 10~13 m~2/3) sturdy turbulence (Green line).
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Fig. 7. BER vs transmission distance for (C2 = 5 x 1015 m~2/3) frail turbulence (Blue line) and
C2 =5 x 10713 m~2/3) sturdy turbulence (Green line)
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Conclusion. We have proposed the subcarrier multiplexing/Amplitude Shift Key-
ing transmitter system for radio over free space optical communication. Radio frequen-
cy, 10 GHz is modulated with the multiplexing portion of the subcarrier including the
transporter generator and the sine wave signal. Free space optical channel under deferent
atmospheric turbulence conditions weak and strong. The simulation system is reported
that the maximum transmission distance for weak atmospheric turbulence is 950m at
BER equal to 8.613x10”° and Q-factor is 5.637. While the maximum transmission dis-
tance for strong atmospheric turbulence is 850m at BER equal to 2.284x10° and
Q-factor is 5.862.
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