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Abstract— Advancement in digital optical communication
over long-haul access and access networks is fostering the
emergence of millimeter-wave technologies that will enable
transport of fast enough data streams in the future. To connect
remote users, these signals are used in converging
optical/wireless technologies by integrating Worldwide
Interoperability for Microwave Access (WiMax), Wireless
Fidelity (WiFi), Long Term Evolution (LTE) and currently 5G
technologies.

The optical injection locking (OIL) method is studied by
applying the correlated system technique of two slave lasers
controlled by a master laser. The theoretical and experimental
demonstrations consisted in generating several times the
reference frequency fm of the desired RF (radio frequency)
signal. Optisystem software was used for the simulation.

Keywords— Radio Over Fiber ( RoF), Remode Heterodyne
Dectection (RHD) ,Coherent Heterodynage, Optical Injection
Locking (OIL), telehealth

I. INTRODUCTION

Nowadays, we are not only witnessing a steady increase
in bandwidth-intensive services, but also a drastic demand
for these services even in most remote areas. Indeed, with the
advent of Cloud computing, Internet of Things, video on
demand, decentralization of certain remote access services,
biomedicine, etc., a progressive limitation of infrastructure
over time is inevitable. The customer demand for mobility
and very high speed leads to the use of radiofrequency
signals in the millimeter range (30-300 GHz), will allow in
the future to carry sufficiently fast data flows (> 1Gbs).
Millimeter waves are short ranges. To ensure wide very high
speed coverage of a given area, it is necessary to deploy
many radio access points using hybrid technology called
Radio over Fibre (RoF). This is called a multicellular
network (pico-cellular or femtocellular networks). RoF
enables optical/wireless convergence by integrating global
interoperability for microwave access (WiMax), wireless
fidelity (WiFi), long-term evolution (LTE) and 5G
technologies[14].

This convergence will facilitate the transmission of any
type of medical signal. MIMO techniques will be used at
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various base stations to cover any signal requirements based
on the types of medical equipment deployed to manage
telehealth of elderly people or other purpose in real time.
This includes, among other things, medical diagnoses,
telesurgery, home tele-assistance, teleradiology,
telepsychiatry, telepsychology, universal access and services,
distance learning, etc.

The RoF [1] consists of using an optical infrastructure to
connect different radio access points. RoF technology
enables the centralization of RF signal processing functions
such as frequency conversion, modulation and multiplexing
at a central station. The latter is then responsible for optically
supplying base stations with a very high frequency carrier
for example, therefore eliminating the presence of
microwave oscillators and modulators in each of the
considered base stations. On the other hand, the cost of
devices generating millimeter waves remains expensive.
Signal generation techniques are intensity modulation and
direct detection, remote heterodyne detection, frequency
conversion [6][7][8].

Central Sation

Bage Stabion é;f(,,

Figure 1. [15]Radio over fiber technologies

Intensity Modulation Direct Detection (IM-DD) is a very
simple technique to implement. It consists in modulating the
intensity of an optical source by the electric signal itself and
to perform a direct detection using a photodetector located
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downstream of the considered optical fiber. We obtain in
output of the photodetector an electrical signal of the same
frequency as that of the transmitted signal. Thus these
systems require costly high frequency optoelectronic
equipment at the central station to generate millimeter
signals.

Frequency conversion or harmonic up-conversion
consists in transposing a baseband signal into a millimeter
signal at the base station (BS) level for the downlink or
ascending channels, either in the electrical or optical domain.
This technique requires an upstream RF or optical mixer and
a good downstream filter to recover the desired transposition
frequency.

The technique of generating a microwave signal by
optical beat detection is based on the photodetection of a
mixture of two optical waves whose frequency interval is
equal to the desired millimeter frequency. This technique is
known as Heterodyne Detection or Remote Heterodyne
Detection (RHD). The RoF through its ability to generate
millimeter waves by optical heterodyne becomes an
alternative with great potential. Remote Heterodyne
Detection (RHD) consists of detecting at a photodiode the
frequency difference between two optical waves (or two
continuous currents after the O/E conversion). This
heterodyne frequency is therefore the frequency of
millimeter radio signal to be transmitted [1] [6]. The RHD
methods [1] [8] are Optical Injection Locking (OIL), Optical
Phase-Locked Loop (OPLL), Optical Injection Phase-
Locked Loop (OIPLL). In this article, we study OIL.

II. RELATED WORKS

In this OIL method, several approaches were made by
researchers. Indeed a first study of the possibility of
synchronizing by optical injection a laser on one of the
sidebands of a modulated master laser was made [6]. This
method has the disadvantage of sharing the optical power of
the master laser [4] [6] [7][16][17]. Only one of several
sidebands is used for the heterodyne beat; the power budget
is therefore low because the optical power supplied by the
master laser is low [7]. Then another montage is proposed;
this time, two slave lasers each hooked onto one of the
sidebands of the modulated master laser, as shown in Figure
2. Therefore, the master laser no longer participates in terms
of power to the heterodyne beat and we can take advantage
of the whole of the power delivered by slave lasers [1]
[4][6]-[13]. In a reduced version [8] [10], a single
longitudinal multimode slave laser was substituted for two
slave lasers with a longitudinal mode spacing equal to the
desired frequency frr.

L. Goldbert of Naval Research Laboratory managed to
hang the slave lasers on the sidebands (-2, + 2), (-3, + 3), (-5,
+ 5). The master laser was modulated at 2.63 GHz [4], 5.83
GHz [9] [10] [11], about 2 GHz [12] respectively.

Braun and all were able to lock the slave lasers on the -
10 and +10 sidebands. The master laser was modulated at
3.125 GHz [13].

Direct modulation has been used in several experiments.

In this article, we will show theoretically and practically
that slave lasers can be hooked to any sideband depending
on the radio frequency signal that we want to generate. We
use external modulation.
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The article is constructed as follows. The system model
is described in section III. Section IV shows theoretical
calculations. In section V, simulation and results are
presented. The article is concluded in section VI.

III.SYSTEM MODEL

Remote heterodyne detection using two independent
lasers is certainly the simplest method for generating
millimeter band signals [1] [6]. We use Optical Injection
Locking (OIL) technique to keep a frequency gap between
the two lasers constant and to minimize the phase noise of
the generated millimetric signal. The problem of stability of
the heterodyning method comes from the independence
between the two lasers used. In order to solve this problem, it
is necessary to correlate the two lasers. Phase coherence of
the two lasers can be obtained by optical injection. Figure 2
[1] gives the principle of a system correlated by double
optical injection with a master laser and two slave lasers.

Optical FM Modulation
spectrum Slave Slave
D Laser 1 Laser2

af, =

f nfy,

Reference Laser1 nf,
Oscillator @ / |

f

m
— RF signal
X —K (%
! : fag=2nf
Frequency  Isolator Photodatector Electrical
t‘::;:r modulater Frequancy
Slave Laser 2 Demodulator

Figure 2. System correlated by double optical injection [1].

The master laser is modulated with a reference oscillator.
The optical signal generated comprises the carrier frequency
of the laser f, as well as the reference frequency of the
oscillator fi, and its harmonics, due to the parasitic frequency
modulation. The spectrum of the master laser is therefore
composed of several spectral lines on either side of the
carrier f, spaced from fy. The output signal of the master
laser is injected into the two slave lasers, each hooked onto
one of the sidebands of the modulated master laser. By
modulating the master laser at f.,, we therefore succeed in
generating a microwave frequency frr equal to a multiple of
the reference frequency fim of the signal applied to the master
laser. We propose to prove these results by theoretical
calculations and simulations.

IV. THEORETICAL
CALCULATIONS

Let m(t) and v (t) be two signals named modulating
signal and carrier respectively; m(t)=A_cos(2xf t);
v, ()=A cos(2xf t) . At the output of the master laser, the
frequency-modulated signal is given by the following
expression: s(t)=Apcos(9i (t)) . By definition, the
instantaneous frequency f; is controlled by the modulating
signal m(t) around a carrier f, : f;=f +K.m(t) ; K, is

the sensitivity of the modulator (in Hz.V™' ). The
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instantaneous pulsation is: ©,= 2xf, + 2anm(t) . The

instant phase of the modulated signal is given by the
following expression:

0, (t)=[ w,dt = 2nf t+ 22K, [m(t)dt.
The expression of the modulated signal is therefore:
s(t) =Apcos(2nfpt+2anIm(t)dt) (1)

Replacing m(t) by its value in the equation (1) we have:

s(t)= A, cos (2nf, +27K, [ A, cos (2nf, t) dt] ()

m

s(t)=A,cos [2an +K, (%) sin (2xf, t) J 3)
s(t)= A cos(2nf t+ B sin(2xf, t)) 4)

A
Where B, =K, (f—mJ is the frequency modulation index

for the signal m(t) . The frequency deviation is given by:
A=K A .
By developing expression (4), we have:
s(t) = A, [cos(2xf,t) cos(B,sin(2nf, 1))

| e 0
fsm(anp t) sin(B,sin(2nf, t))]

When B,<1, we talk about narrow-band Frequency

Modulation and when B,>1, we talk about broadband
Frequency Modulation.

A. Narrow-band Frequency Modulation
In narrow-band frequency modulation we consider
B;<1 and approximate cos(B,sin(2nf t))» 1 ;

sin(B;sin(2xnf _t)) » B,sin(2xnf_t. The equation (5) gives:

s(t)= A, (cos(2xf t)-B,sin(2xf t) sin(2xf, t)) (6)
Finally linearization formulas allow us to write:
s(t)= A, (cos(2nf, t)- (B—fj (cos2n(f, -f, )t
2 (7)
—cos2n(f, +f))t)
The signal s(t) shows that for B, <1, the spectrum of
the ouput signal is composed of the carrier fp, and the two

components at the frequencies f; + f, ; such a signal is called
a narrow-band FM signal. If the modulated master
laser hooks the two slave lasers respectively to -1 and +1,

they suppress everything except Ap[%]((m?iﬁ;ﬁn)t and

A, (B?fj (cos2n(f, + £, )t [S]. We obtain at the output of

the coupler a signal Sy (t) :
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ser(t) = (A, [%J (cos2n(f, -f, J)*A, [%fj (cos2n(f, +f, )t
which means:

S (1) :[A';BfJ (cos2n(f -, os2(f, +f, )t

2
Linearization formulas allow us to write:
1(ABY
Spe ()= 5 (pr] (cosdnf t+cos2m(2f, )t)  (8)

After filtering, we obtain an RF signal whose frequency
is twice the frequency of the modulating signal.

A 2
Sge ()= %(pTBfJ cos2n(2f )t (9)

It can be concluded that narrow band modulation by
double injection makes it possible to generate a
radiofrequency signal with a frequency twice the frequency
of the modulating signal.

B. Broadband Frequency Modulation

The broadband frequency modulation is considered when
B;> 1. We can no longer use the approximation :

cos (a+B; )» cos(a) -Bsin (o). However, we can use
the following expression:

cos(a+B; ) =R{e"P’} ; We can express the signal

s(t) by: s(t)= A cos(2nf t+ B sin(2xf, t))

j(2nf, sin(2nf, .
s(t)=AP§R{eJ( PG Where A, is fixe and the

. @it : :
carrier is € signal is

e IBrsinCrtt)

signal ; the periodic

1
The periodic function with period T, =f— can be

decomposed into complex Fourier series.

RS
jBesin2nf, t) __ j2nnf t
e™ =2, e (10)

n=—oo

1 to+ Ty :
— -j2mnf t .
Where ¢, T LU f(t)e dt;

n=...,-2,-1,0,1,2,..and f(t)=e"*"*™" e can choose the

beginning of the integration interval at t,=0 then

_ 1o Jomnf, ¢
¢ = [ " fede

T ip o . .
fm J‘() e_]stm(Zntm t)e JZnnfmtdt

o
I

n
Tm 1 Q1 o
c =f_ J‘O gilBsin@nfy0-2mnlyt) 4y

2nf t
Let’s put x =2nf t; % _ d@nf, 0 =2nf

dt m °
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dt= ; we’ll have :
2nf
1 R
c,= m*2 J’ n eBesinGo-nx] g
nfm 0%2xf,,
1 2
c = — J‘ ilBrsino-nx] 4o
T 2qdo

The coefficient ¢ corresponds to Bessel's functions of
the first kind and of order n noted J_ (;) [3].

_ L e ipsingong
LB)=[ e dx

Bessel's functions are obtained from the following
expression [2]:

k Bf n+2k
(-1 (7)
I By ————
n P k=0 k!(ntk)!

The properties of Bessel's functions of the first kind

1, B, are:
1. J (B;)isreal

2. J,(B)=(-1)"I,B,)
33 (B

s
Finally , if we use the proprieties of the Bessel functions,
we obtain :

ej[’)fsin(2nfmt)= i J (Bf)eﬂnnfmt
n

n=—oo

s(t)= Apg{ {ejzﬂfpt g Brsin(nf,0) )

S(t) = Apg{{ejzlrfpl z Jn (ﬂf )ejZﬂrg/m[}

n=—o0

Finally we have :

s()=A, i J, (By)cos(2nf t+27nf, t) (11)

Finally the modulated signal gives :
s()=A,[..H], (B; )cos(2nf t+2anf t)+

o By )cos(2nf t)+... (12)
+J, (B¢ )eos(2nf t+2anf, )+...]

The equation number (12) means that the spectrum of the
modulated signal in broadband frequency modulation
consists of an infinite number of spectral components [2]
Figure 3.

T

Figure 3. Spectrum of the modulated signal

If the FM modulated master laser hooks the two slave
lasers respectively at n'" and 1™ harmonics, a great part of the
signal is suppressed. The slave laser 1 removes all other
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harmonics except the n™ [2][3][4]. The slave laser 2 also
removes all other harmonics except the 1™ [2][3][4]. The FM
signal at the output of the coupler in given by :

s, () =A,J, (B; ) cos(2nf t + 2mnf, t)*
A By ) cos(2nf t + 2mlf, t)

s. () =(A, YT (BB, ) cos(2nf t + 2mnf, t)*
cos(2nf, t + 2nlf t)
Linearization formulas allow us to write :

Let’s ask D= % T(BHT, (B A,

s, () =D[cos(4nf t + 2n(l + n)f ) + -
cos(2n(l-n)f, )] (9

After filtering , we obtain a signal radio-frequency :

Sge (1) =%Jn (B )3, (B; XA, ) cos2n(l-n)f,, 1) (14)

If the modulated master laser hooks the two slave lasers
respectively in the n' and the 1" harmonics, we obtain a radio
frequency signal which is f,.= (I-n)f

If the FM modulated master laser hooks the two slave
lasers respectively at -n and n harmonics, a great part of
the signal is suppressed. The slave laser 1 removes all other
harmonics except the -n [2][3][4]. The slave laser 2 also
removes all other harmonics except the n [2][3][4]. The FM
signal at the output of the coupler in given by:

s.()=A,J, (B;) cos(2nf t -2nnf, t)*
AT, (Be ) cos(2nf t + 2nnf, t)

5.(t)= (A, 1, (B ), (B, ) cos(2nf, t -2mnf, t*
cos(2nf t + 2nnf, t)

Linearization formulas and properties of J (B;) allow
us to write :

s, (1) = E[cos(4nf t) + cos(4nnf, )] (15)

. n
with E=(-1) EJﬁ (B; )A,)’
After filtering, we obtain a signal radio-frequency:

Sep () = (1)" %Ji (B, JA, Yeosr2n)f, 0) (16)

If the modulated master laser hooks the two slave lasers
respectively at -n™ and +n™ harmonics, we obtain a radio

frequency signal with f,.=2nf .

V. SIMULATION AND RESULTS

A. Simulation model

Simulation consists in experimentally proving that when
the carrier of the master laser is modulated with a reference
frequency f, and the modulated signal is injected into two
correlated slave lasers (50%; 50%), a RF equals to an integer
of times fi, is generated. In our research we have opted for a
simulation software for innovative optical communications
systems that designs, tests and optimizes virtually any type
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of optical link in the physical layer of a wide range of optical
networks ; Optisystem is a simulator based on a realistic
modeling of fiber optic communication systems. OptiSystem
is compatible with Optiwave's OptiAmplifier and OptiBPM
design tools and can do a cossimulation with matlab. Figure
4 shows the simulation models performed in this work.

In the parameterization of the slave lasers, depending on
the desired RF, one of the two is hooked on the sideband (+
n) ; automatically the other is positioned on the sideband (-
n). Concretely a difference of nf, is created between the
carriers of the two slave lasers. This means that if Fygayel is

the carrier of the slave laser 1 then the carrier of the slave
laser 2 will be Fystavez = Fpstaver ¥0fm with fi; the modulating
frequency of the master laser. In the two slave lasers, only
the harmonics -nf,, and +nf,, are respectively preserved, the
others being suppressed. This means that only one line for
each slave laser will be visible when viewing with a
spectrum analyzer. At the output of the frequency
demodulator, two lines appear on the screen of the spectrum
analyzer whose spacing corresponds to frr = 2nfp,.

Catleal Specirum Analyzer_1

Optical Spacirum Analyzer

Sine Generator
Fregpuency = 3.125 G
Przze =0 023

[Fe——fetr—— b

Wister Laser Fremuency Modulzior ceal (solEr  TOTK T2
Freouency = 183414 THFreowency daviafllon =7.4 GHz

Power =10 mW Enatiled = YES

g1

Optical Spectrum Analyzer_3

=

Pumn Cougler £o-FrogegEting_2

Pump Cougler, Co-Propegeting
|

.

Slawe Laser

Frepuency = 193436 THz

Power = 10

'
'
2

mW

\
1
\
1
1
Ogtical Spactrum Analyzer 2 =

RF Spectrum Analhzer

Figure 4. Signal generation by Optical Injection Locking (OIL) with optisystem

In Figure 4, Sine Generator = Generator of fi,

The tests were done by hooking the slave lasers on
several harmonics. The results are presented in the next
section.

B. Results of the simulation

We first did the test by hooking the slave laser 2 on the
harmonic 1 and having obtained the expected result; we
proceeded with tests on other harmonics. we present in detail
the results of the test on the tenth (10th) harmonic; the results
of the test on the other harmonics are recorded in the
summary table TABLE 1.

The carrier of the master laser is f, = 193.41449 Thz
corresponding to a wavelength of 1550 pm. The slave laser 1
has the carrier fysiaver = 193.40451 Thz and fisiave2 = fpstaver +
nf, with n = 10. So fistave2 = 193.43576 Thz. At the output of
the isolator, the spectrum of the modulated master laser is
visualized in Figure 5.
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Figure 5. Spectrum of the modulated signal of the master laser at the
output of the isolator

The 40 dB calibrated isolator between master laser and
slave lasers allows one-way light propagation to reduce
optical feedback. Each of the two slave lasers being hooked
to the harmonic +£10 removes all other harmonics and
presents the only line at the output.

At the output of the coupler the signal is always optical.
The spectrum analyzer connected at this level is optical. In
Optisystem 7.0 that we used, the optical spectrum analyzer
does not have <<Negative Frequencies>> option, unlike the
electric spectrum analyzer that has.
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Thus the optical spectrum analyzer visualizes the two {7 T
sidebands in the same place Figure 6. This is because, for the ]
same reason, we see that on the screens of optical spectrum =4
analyzers connected to the level of the slave lasers the lines B
are on the positive harmonics. So the two bands are
superimposed.
i s o e o e e al
- 5
b=
=T g |
£ 3
%_.
g
=
£t B
85 ]
E_
403 20@ 0 203 40 3
Frequency (Hz)

-90

Figure 7. Spectrum at the output of the FM demodulator

i A WonderWebWare Screen Ruler (software tool) was
19939 1834T 18341 FTm;Ei'ﬁ;{“l?S'“ T 193447 193457 used to evaluate spacing between the lines and deduce the
value of frr . We read 23 1px for spacing while we have
74px for 20 Ghz. So frr = (231x20)/74 = 62.5 Ghz. So frr =

This makes it seem at first sight that only the upper 625 Ghz =20x3.125 Ghz = 20f,, as predicted. The 62.5
sideband is represented. It is then up to the electric spectrum  GHz frequency is used in indoor WPAN.

analyzer to put the two sidebands in order (lower band, upper
band). Hence the result that we see in Figure 7. C. Summary of the results

Figure 6. Spectrum at the output of the coupler

The Optical Injection Locking (OIL) technique is very
important. Indeed UMTS-3G signal of 2 GHz is generated
from 1 GHz. LTE signal that works at 2.6 GHz is generated
from 1.3 GHz. 28Ghz Local Multipoint Distribution System
(LMDS) signal is generated from 2.34 GHz.

The results of the simulation recorded in the TABLE I
below show that, for the future wireless network (WLAN),
Wireless Personal Area Network (WPAN) and WiMAX
networks, the OIL technique is welcome because we can
generate broadband from a low bandwidth. This is very
interesting for broadband coverage in rural areas through
radio over fiber (RoF) technology. Whatever the wireless
technology that the medical equipment needs to connect to
the network, the optical injection locking technique can
generate the necessary signal from a weak signal.

TABLE . SIGNAL GENERATION BY OPTICAL INJECTION LOCKING (OIL)

fp in Thz fm in Ghz Fpsiave1 in Thz | Fpsavez in Thz | Sideband | frr = 2nfm frr in Ghz Applications
193.41449 | 1.00000 193.40451 | 193.40551 1 2fm 2 UMTS.3G
193.41449 | 1.30000 193.40451 | 193.40581 1 2fm 2.6 LTE
193.41449 | 1.25000 193.40451 | 193.40701 2 4 fm 5 WLAN
193.41449 | 1.50000 193.40451 | 193.40901 3 6 fm 9 WiMAX
193.41449 | 1.75000 193.40451 | 193.41151 4 8 fin 14 WiMAX
193.41449 | 2.00000 193.40451 | 193.41451 5 10 fm 20 Indor WLAN
193.41449 | 2.34000 193.40451 | 193.41855 6 12 fn 28.08 LMDS
193.41449 | 2.50000 193.40451 | 193.42201 7 14 fn 35 WiMAX
193.41449 | 3.62500 193.40451 | 193.43351 8 16 fm 58 Indor WLAN
193.41449 | 3.33000 193.40451 | 193.43448 9 18 fm 59.94 WPAN
193.41449 | 3.12500 193.40451 | 193.43576 10 20 fin 62.5 WPAN

This paper investigated on the generation of millimetric

VI. CONCLUSION AND FUTURE signals thanks to optical injection locking method by applying
WORK
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the correlated system technique of two slave lasers controlled
by a master laser. This technique makes it possible to generate
an integer number of times the frequency fi, of the reference
oscillator called in RHD the modulating signal. Theoretical
demonstrations and simulation have been performed. It is
shown that Wireless broadband technologies can benefit from
this technique through the Radio over Fiber (RoF) system.
This solution improves the effective benefit of broadband
accessibility and quality.

REFERENCES

[1] J. Guillory, “Radio over Fiber (RoF) for the future home area networks”.
Université Paris-Est, <<NNT : 2012PEST1083>>, [Online]. Available:
https://tel.archives-ouvertes.fr/tel-
00786479/file/TH2012PEST1083 complete.pdf. [Accessed: Oct. 12,
18].

[2] Université Laval, “Chap4: Modulation de fréquence et modulation de
phase”, GEL3006, 2015. [Online]. Available:
http://wcours.gel.ulaval.ca/2015/a/GEL3006/default/Snotes/chap4 mod
ulation_angle GEL3006_2015.pdf. [Accessed: Nov. 1, 2018].

[3] P. Poulichet, “Modulation analogique en amplitude et en fréquence”,
perso.esiee. fr, Mars 2010. [Online]. Available:
https:/perso.esiee.fr/~poulichp/Mod_Demod/Poly EL302.pdf.
[Accessed: Nov. 1, 2018].

[4] L. Goldberg, H.F. Taylor, J.F. Weller, and D.M. Bloom, “Microwave
signal generation with injection-locked laser diodes”, Electronics
Letters, 23rd June 1983 Vol. 19 No. 13, pp.491-493, doi: 10.1049/el
:19830333.

[5] B. Clay, ”Modulation ”, slideserve.com, Aug 28, 2014. [Online].
Available:  https://www.slideserve.com/belle/modulation. [Accessed:
Nov. 1, 2018].

[6] A. Ng'Oma, “Radio-over-Fibre technology for broadband wireless
communication systems”, Eindhoven : Technische Universiteit
Eindhoven, June 28, 2005, doi: 10.6100/IR592332.

[7] B. Besma, “Systémes de transport des données a 60Gb/s par RoF vers
I’accés réseau sans fil «, biblio.univ-annaba.dz, 2016, [Online].
Available: http:/biblio.univ-annaba.dz/ingeniorat/wp-
content/uploads/2018/04/Boudinar-Besma.pdf. [Accessed: Oct. 15,
2018].

[8] J. Yao, “Microwave Photonics”, Journal of Lightwave Technology, vol.
27, No. 3, February 1, 2009, pp.314-335, doi: 10.1109/j1t.2008.2009551.

[91 L. Goldberg, R. D. Esman, and K. J. Williams, “Optical techniques for
microwave generation, transmission and control”. IEEE International
Digest on Microwave Symposium, 1990, pp.229-232, doi:
10.1109/mwsym.1990.99562.

L. Goldberg, A. M.Yurek, H. F. Taylor, and J. F. Weller, “35 GHz
microwave signal generation with an injection-locked laser diode”,
Electronics Letters, 29th August 1985 Vol. 21 No. 18, pp.814-815, doi:
10.1049/el :19850574

L. Goldberg, R. D. Esman, and K. Williams, “Generation and control of
microwave signals by optical techniques”, IEE Proceedings J
Optoelectronics, Vol. 139, No. 4, August 1992, pp.288-295, doi:
10.1049/ip-j.1992.0049.

L. Goldberg, H. F. Taylor, and J. F. Weller, “FM sideband injection
locking of diode lasers”, Electronics Letters, 11th November 1982 Vol.
18 No. 23, pp.1019-1020, doi: 10.1049/el :19820698.

R.-P. Braun, G. Grosskopf, H. Heidrich, C. von Helmolt, R. Kaiser, K.
Kruger, U. Kruger, D. Rohde, F. Schmidt, R. Stenzel, D. Trommer,
“Optical microwave generation and transmission experiments in the 12-
and 60-GHz region for wireless communications”, IEEE Transactions
on Microwave Theory and Techniques, Vol. 46, No. 4, April 1998,
pp-320-330, doi: 10.1109/22.664133.

W.E. Kassa, “Modélisation électrique de laser semi-conducteurs pour
les communications a haut débit de données”, Electronique, Université
Paris-Est, 2015, Frangais <NNT : 2015PESC1016>, <tel-01272374>
[Online]. Auvailable: https://tel.archives-ouvertes.fr/tel-
01272374/document. [Accessed: Nov. 1, 2018].

[10]

(1]

[12]

[13]

[14]

ISBN 979-11-88428-05-2

436

[15] S. Rajpal, and R. Goyal, “A Review on Radio-Over-Fiber Technology-
Based Integrated (Optical/Wireless) Networks”, Journal of Optical
Communications, Vol. 38, No. 1, February 29, 2016, doi: 10.1515/joc-
2016-0020.

A. Ng’Oma and al, “Performance of a Multi-Gb/s 60 GHz Radio Over
Fiber System Employing a Directly Modulated Optically Injection-
Locked VCSEL”, JOURNAL OF LIGHTWAVE TECHNOLOGY,
VOL. 28, NO. 16, AUGUST 15, 2010, doi: 10.1109/JLT.2010.2046623

I. G. Insua, D. Plettemeier, and C. G. Schiffer, “Simple Remote
Heterodyne Radio-Over-Fiber System for Gigabit Per Second Wireless
Access “,JOURNAL OF LIGHTWAVE TECHNOLOGY, VOL. 28,
NO. 16, AUGUST 15, 2010, doi: 10.1109/JLT.2010.2042426

[16]

[17]

Saidou  CONOMBO is graduated as a
telecommunications design engineer in 2016 from
“Ecole Superieure Multinationale de
Telecommunications” (ESMT), Dakar, SENEGAL. He
is currently PhD Student in Digital Science and
Technology at ESMT. His research area covers fiber
optic transmission system, radio over fiber architecture,
etc.

Dr. Mamadou D Diouf is a professor and researcher
in telecommunications at the Polytechnic School of
Thiés, SENEGAL. He got a diploma of electronic and
telecommunications Engineering from University
Gaston Berger (UGB), Saint-Louis, SENEGAL. He
received his Ph.D. degree in telecommunications from
the University Cheikh Anta Diop(UCAD), Dakar,
sSENEGAL. His research area covers QoS/QoE,
network radio coverage, fiber optic transmission
system, Radio over fiber (RoF) technology, communication and networks
system architecture, Virtualization Wireless Network(VWN) etc.

Pr. Samuel Ouya is currently in charge of UCAD's
doctoral telecommunications training. He is also the
Director of Computer, Network and Telecom
Laboratory (LIRT) at University Cheikh Anta DIOP of
Dakar. He was from 2013 to May 2017 the first
Director of Infrastructure and Information System of
the first virtual university of Senegal (UVS).
Holder of a Thesis in Applied Mathematics from the
University of Saint-Louis in Senegal and a

Gaston
Telecommunications Thesis from the Cheikh Anta Diop University (UCAD)
in Dakar-Senegal, he is interested in Applications of innovative telecom
services to virtual organizations.

Berger

Pr. Ahmed D. KORA is IEEE senior member. He is
graduated in ICT Engineering in 2003 from “Ecole
Superieure Multinationale de Telecommunications”
(ESMT),Dakar, SENEGAL. He received his Ph.D.
degree in telecommunication from the University of
Limoges, France, in 2007. He is promoted as full
professor by the regional accreditation institution

‘( (CAMES) and currently the Director of Teaching,
Trainings and Research at ESMT. His research area covers QoS/QoE,
network radio coverage, fiber optic transmission system, communication and
networks system architecture, open network management solutions, universal
access, low cost IT systems for development, etc.

ICACT2020 February 16 ~ 19, 2020




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




