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Abstract 

Now a day, to meet the exponentially increasing demands of high data rate & sufficient 

bandwidth to access broadband services, the ROF (Radio over Fiber Technology) provides a 

remarkable solution, which deliberately integrates the RF communication technology with the 

advanced Optical fiber network. Various advanced modulation schemes such as DPSK, 

CPFSK, O-QPSK, Q-CPFSK, and SCM are adopted in ROF technology to accomplish the 

demand of high data rate with integration to Optical network. Our study is described in three 

sections in this paper: I. First section describes introduction to ROF technology, its worldwide 

advantages such as high-power, high-quality signals, high mobility, low maintenance cost and 

its various applications II. Second section covers the implementation of Chaos in ROF 

technology to induce the enhanced security and secrecy within the system III.   Third section is 

based upon simulation results to evaluate best modulation scheme giving better Q-factor & 

minimum BER for improved system performance   

Keywords: High Coverage Area, Broadband Network, Optical Fiber, Centralized Resource 

Management, Chaotic Masking, Coherent Detection, Dynamic Resource Allocation 

Introduction: 

During some past decades, the communication network has experienced a significant rise in 

the number of users worldwide & ultimately also demand of high data rate has also increased. 

Moreover, high coverage area accommodation & connectivity has also become an essential 

requirement for a successful communication industry. Hence to meet this explosive demand of 

high capacity in broadband network, there is a need of an evolved system architecture 

deployment with reduced cost. Rof is one of those evolved networks, in which high data 

carrying a radio signal with high frequency is imposed on a light signal to distribute over 

optical fiber link [1]. Radio over fiber makes use of the optical fiber to distribute the Radio 

frequency signal [2], hence Radio over fiber is preferred over previous networks in many 

aspects; low cost, low complexity in structure, future proof reliability, low attenuation, high 

immunity to interferance, low power consumption, centralized resource management etc. [3]. 

ROF employing Advance  

Modulation techniques: 

In order to fulfill high data rate transmission demand, ROF technology entails the use of 

advance modulation techniques; Duo-binary modulation schemes, SCM ASK, PAM, FSK, 

PSK, DPSK and CPFSK, OOK etc. Among of these, we have employed SCM ASK scheme in 

this paper in order to evaluate the performance of basic ROF communication system.  
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Chaotic Security Implementation: 

Although SCM ASK has already been implemented but there were some security issues 

regarding user data signals that are essentially required to be addressed in detail. Hence, in this 

paper we will implement some security techniques like Chaotic masking to transmit Radio 

signal with high protection from unauthorized access so that no one can interpret the 

information coded signal without authority of sender & receiver. A chaotic signal is sensitive 

to initial conditions & has a random noise like time series, so it is very hard to be detected & 

intercepted by unauthorized access [4]. The chaotic signal is a function of variation in the 

intensity of a laser diode frequency. To implement the chaotic technique, two chaotic 

oscillators are required: one at transmitter while at receiver side. These oscillators add the 

original modulated message signal onto the chaotic signal by a mathematical function. The 

message bits are masked in the chaotic signal & can be intercepted by receiver only if both 

transmitter & receiver are properly synchronized & receiver knows the chaotic signal [5]. 

Potential sources being utilized to produce chaotic signals Includes Vertical cavity surface 

emitting Lasers [6],[7] Erbium doped fiber ring lasers [8],[9] Semiconductor lasers [10]-[16], 

Semiconductor ring lasers [17], Optoelectronic oscillators [18],[19], Random feedback fiber 

distributed lasers [20]. Among these chaotic sources semiconductor lasers are the most generally 

utilized as a part of the field of secure optical correspondence where high speed and larger 

bandwidth chaos is proposed 

Chaos Applications: 

Since chaotic signals are noise like & considerably aperiodic signals with infinite number of 

states, hence chaotic waveforms find its wide applications in military as well as physical layer 

security (PLS) paradigms in Cryptography [21] for secure communication from unauthorized 

access & to improve the secrecy performance of communication system because of low 

probability of interception. Chaos has also significant implications in medical field. ECG in 

Cardiography, HRV & medical Image Cryptography all involves chaos theory in order to 

diagnose diseases at initial stages & to observe current health condition of patients22]. Since 

chaotic signals have large bandwidth,so it provides high range resolution which is desirable for 

Radar. Hence, some main applications of chaos are Chaotic Signals Radar & UBW Imaging 

radars[23] because of its aperiodic & deterministic properties. Moreover,  chaotic signals are 

noise like having  good auto correlation & cross-correlation, hence can also be used in anti-

jamming purposes. Since as particularly, they are noise like hence it is  very difficult for 

hackers to detect & jam the transmitted signals [24].   

SCM ASK scheme implementation in Radio over Fiber: 

In order to use bandwidth of optical fiber more efficiently and meet demand of high speed long 

haul optical transmission, we will implement subcarrier multiplexing scheme (SCM) 

employing ASK technique in this paper. Optical SCM is a multiplexing technique in which 

multiple baseband signals are optically modulated to high frequency carriers and then are   

multiplexed together in RF domain forming a composite Radio Frequency signal which is 
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ultimately modulated to LASER optical signal for transmission on optical fiber [25]. SCM 

scheme is more modified and efficient variant of WDM technique because of simpler and low-

cost implementation because the stability of RF oscillators and frequency selectivity of 

microwave filters are comparatively more efficient than that of their optical counterparts. 

Hence microwave devices are comparatively more advanced than the optical ones[26]. 

Moreover coherent detection for RF oscillator is easier than optical coherent detection because 

of low phase noise of RF oscillators.  

Applications: 

SCM scheme finds its vast applications significantly in monitoring of many optical parameters 

such achromatic dispersion and optical signal to noise ratio (OSNR) [27]. 

Another application of SCM is in bidirectional broadband distribution systems in which SCM 

provides facility of transmitting multiple subscribers from a single laser. Thus, SCM reduces 

the cost of overall system by sharing of lasers and optical fibers among the subscribers. Other 

applications of SCM are in CATV and interactive multiuser LAN’s where it enables the 

bandwidth of each source to remain constant even in case of increasing number of nodes [18].  

The transmission system of ROF is classified into two parts; this partition depends upon 

frequency range of radio signal which is to be transported:  

1. RF over fiber (radio frequency over fiber) 

2. IF over fiber (intermediate frequency over fiber) 

In first architecture high frequency RF signal is used for modulating light before being sent 

over optical fiber link. In second architecture low frequency IF signal is used for 

modulating light before being sent over optical link [29] 

ROF Applications: 

There are numerous utilizations of RoF innovation comprise of satellite correspondences, 

portable radio interchanges, broadband access, versatile broadband framework and remote 

LAN. The specialized utilizations of RoF are orthogonal frequency Division Multiplexing 

(OFDM), Wavelength Division Multiplexing (WDM). The WDM application is effectively 

converged with the diverse uses of remote framework [30].  Advantages of RoF are Low 

Attenuation, substantial bandwidth, diminished power consumption and dynamic resource 

allocation. ROF can be used in cellular network as it is used in millimeter wave and overall 

system price is reduced. ROF can be used to distribute wireless LANs operating at frequency 

Gigahertz frequency using OFDM scheme. ROF is used to increase modulation scheme, and it 

overcome the limitations of wireless like phase modulation, chromatic dispersion and 

attenuation. ROF is also implemented in satellite media. ROF also finds wide applications in 

LTE networks such as implementation of network architecture in different scenarios; ROF 

transport for provision of wireless services from a central station to multiple Base stations. 

ROF also provides 4G services to end subscribers by interconnection of multiple base stations 

enabling the last mile access and also in femto cell networks [31] 

Chaos masking Model: 

In order to secure the signal three techniques are used: 

 Chaos masking 

 Chaos shift keying 

 Chaos modulation 

 The comparison between performance of these three schemes can be observed in Table 

1 
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Table 1:      Performance comparison of message signal encoding techniques  

 
 

Since we have to design highly secure long haul ROF communication system with efficiency 

of reduced cost and low complexity in structure, hence we have chosen CMS among these 

schemes. The basic chaos masking communication model can be seen in Fig.2.In this 

technique, the chaotic signal is simply generated by the chaotic laser and the original message 

signal is added to it which is transmitted over the transmission channel. On the receiver side, 

the message signal is decoded by simply subtracting the chaos from the received signal. 
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Figure.2. Basic Chaotic masking communication model 
This model can be mathematically expressed in following equation: 

 
where n(t) and r(t) denote the transmitted signal and received signal respectively. The core of a 

secure optical communication system using CMS scheme is enclosed in a fact that two chaotic 

lasers are separately deployed and essentially be synchronized with each other [32],[33]. The 

synchronization of chaotic lasers is basically the evolution of transmitted optical pulses 

produced by chaotic laser on transmitter side that are regenerated by chaotic laser on receiver 

side. Moreover, both lasers operation conditions and parameters are also kept same in order to 

enable perfect synchronization [34]. The chaos generated by this model has a pulsating nature 

which depicts comparatively more chaotic behavior than non-pulsating chaos. The degree of 

chaos can be measured from calculation of Lyapunov exponents, which shows larger values for 

positive side of pulsating chaos [35] depicting instability of system for positive side of chaos, 

therefore we propose that produced chaos is highly un-detectable.  The optical produced chaos 

can be expressed in laser rate equations [36] given below: 

 
In eq [5], where “n” denotes carrier concentration, “J” represents injection current density, “e” 

is elementary charge, “d” represents active layer thickness, G(n) denotes mode amplification 

rate on account of stimulated emission while “ᴦn” is lifetime period of carrier. While in second 

eq [6], there is “S” which represents photon density, “ᴦph” lifetime period of photon, “βsp” is 

coupling factor because of spontaneous emission & “ᴦr” represents lifetime period of radiative 

recombination. 

            Eq [5] can also be expressed as: 

 
In eq [7], n=N/Na, N represents number of active layer carriers and “Va” defines volume of 

active layer 

Eq [7] can be modified to form following solution: 

 
Where “I” denotes active layer injection current, “Nph” represents number of photons while 

g(n) defines amplification rate because of stimulated emission in the active region. 
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In eq [9], ᴦa= Va/Vm. 

Eq [9] can be solved and modified into following equation: 

 
 

 

 
(a) 

 
(b) 

Figure.3.(a) Time domain plot of Original message signal. 

 (b) Time domain plot of message signal on larger scale 

Eq[6] can be re-written and modified as follows: 

  
Eq[10] and Eq[14] are required rate equations for generating chaos by using semiconductor 

lasers.
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Figure.4. Original Message signal vs.  ASK modulated signal 

 

Different parameters and their corresponding values which are used to control chaos in this 

model are presented in Table 2 and 3. 

Table.2. Physical parameters of Chaotic laser 

 
 

Table.3. Operating parameters chaotic laser 

 

Results and Discussions 

The simulation setup for the proposed ROF SCM ASK network model has been shown in fig.1. 

This system has been designed and simulated by using simulation software; Opti system 

version7.0. This system has been modeled for duplex communication, so there is one 

transmitter and one receiver section on both sides of optical fiber. One the transmitter side, the 

data is generated by pseudo random bit sequence generator up to bitrate of 1Gbps to be 

transmitted to destination. This bit stream is fed to NRZ pulse generator to generate a proper 

signal waveform to be transmitted in analog form on communication medium, which is shown 
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in Fig.3. There are two modulators being used in our model; first is electrical modulator to 

bring the signal into RF domain and the other is main optical modulator to transmit RF signals 

from one wavelength optical signal [37]. This baseband message signal is firstly modulated to a 

broadband signal up to 1.7Gigahertz using AM modulator to generate RF signal, as shown in 

Fig.4. and then is combined with multiple sub carriers of distinct frequencies generated by 

Carrier generator with frequency 49.35 MHz and frequency spacing between subcarriers up to 

6MHz and thus an ultimate composite RF signal is generated.Fig.5(a). shows the subcarrier 

signal and Fig.5(b) shows the signal after mixing of message signal with subcarrier.  The 

generated RF subcarriers are in turn multiplexed by 900 hybrid couplers [38] to be mismatched 

in phase, which aids in reducing chromatic dispersion of signal during optical transmission. 

 
(a) 

 
(b) 

Figure.5. (a) SCM carrier signal  (b) Message added to the SCM signal

The hybrid coupler suppresses one sidebands of optical double side bands of the electrical 

signal in order to utilize bandwidth more efficiently[39].  This composite signal is applied to the 

LiNB Mach zehnder modulator which converts from electrical to optical signal using CW laser 

of central frequency 193.1 THz and 6 dBm power to be transmitted on optical fiber. Hence, 

ROF signal and their zoomed time domain plot before chaotic masking can be seen in Fig.6(a) 

and Fig.6(b) respectively. 
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(a) 

 
(b) 

Figure.6. (a) ASK/SCM Radio over Fiber message signal with data rate 1 Gb/s.  

(b)ASK/SCM ROF signal produced by transmitter on larger scale 

 

At the next level, chaotic masking is implemented on ROF signal by adding chaotic signal 

generated by Chaotic Laser to it by using an optical adder and ultimately a chaotic ROF signal 

is generated. This Chaotic ROF signal and its larger scale time domain plot is shown in 

Fig.7(a) and Fig.7(b) respectively. Since, we have already mentioned that this model have been 

designed for bidirectional duplex communication, so there is also a receiver along with a 

transmitter on each side of optical fiber and any signal transmitted from the transmitter side has 

two destination points to deliver the signals. Hence, in order to render two-way communication 

for any receiver, optical signal is applied to the optical Circulator which either directs the 

signal to receiver on same side of transmitter or transmits it to the Bidirectional optical fiber of 

length 10 km. Optical delay is also introduced in optical fiber to reduce interference between 

two optical signals in opposite directions. On the Receiver side, there is also a transmitter along 

with receiver. Optical circulator provides optical signal either to transmitter or receiver. But 

before this provision, at first chaos is removed from the received using an optical subtractor to 

which chaos generated by receiving side Chaotic Laser of same frequency and then this optical 

ROF signal is transmitted to either photodetector or Reflective filter. For transmitter, optical 

circulator provides optical signal to optical Reflective bidirectional filter so that it can receive 

the transmitted bandwidth signal in optical format and optical modulated signal is generated 

directly using AM modulator for transmission. 

(a) 
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(b) 

Fig.7. (a) Generated Chaos hiding the message signal (b) Chaos masked signal on large 

scale 

 

For receiver section, optical signal from circulator is applied to Photodetector PIN diode with 

high responsibility to correctly detect and generate electrical signal from optical one. The 

recovered electrical RF signal is given to two different filters: Low pass and Band pass filter. 

Low pass filter with cut off frequency 0.7 GHz is used to receive the original transmitted signal 

removing high frequency noise components from it, while Band pass filter with central 

frequency 1.7 GHz recovers the original RF signal. It is provided to Electrical Amplifier with 

high gain of 15 dB to amplify and in turn is passed through AM demodulator of the same 

central frequency as AM modulator to correctly generate the transmitted message signal.3R 

Generator recovers the original waveform of transmitted message signal and is observed 

through BER analyzer. The eye diagram results for different lengths of SMF can be observed 

in Fig.8(a), Fig8(b) and Fig(c) respectively. The opening of eye diagram decreases due to 

effect of optical fiber impairments on signal while passing through it. Similarly, the basic 

receiver block is also on transmitter side to recover the transmitted signal. Different parameters 

with their values used in this model for optimized performance are given in Table.4. 

Table.4. SCM ROF model operation parameters 

Parameters Values 

Bitrate 1 x 109 bps 

No subcarrier 

channels 

78 

Channel spacing 6 MHz 

AM modulator 

frequency 

1.7 GHz 

LiNB Mach- Zehnder 

modulator extinction 

ratio 

30 Db 

CW Laser frequency 193.1 THz, 6dBm 

Fiber Length 10 km 

 Photodiode 

Responsitivity 

1.2 A/W 
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                    (a)                                                         (b)                                                        (c)

Fig.8. Eye diagram results for different lengths of optical fiber 

(a) 10 km     (b)  30 km     (c) 50 km 

Conclusion 

In this paper, we have designed basic Radio over fiber communication model and also 

demonstrated the security implementation techniques using ASK modulation formats, in order 

to avoid interference. Beside these, in order to transform message signal to Radio Frequency 

signal we have implemented Subcarrier multiplexing by which multiple high frequency signals 

are added to the message signal and a composite RF signal is formed. Later, this RF signal is 

modulated to optical laser signal in order to render it compatible for transmission over optical 

fiber.  Our main achievement from this project is to gain enhanced security benefit from the 

ROF model by implementation of chaos masking in which message signal is hided in a random 

undetermined chaotic signal and cannot be intercepted or decoded by un-authorized persons.  

The combined implementation of SCM and ASK schemes in our project has ensured the 

efficient provision of high data rate and large bandwidth. The performance of ASK/SCK RoF 

model have been analyzed and evaluated using the worldwide simulator Optisystem 7.0. The 

results have been already discussed which shows that increasing the fiber length and the 

number of carriers impose significant impacts on RF signal, which can be clearly observed 

through eye diagrams 
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