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 Nonlinearity is one major problem broadband communication faced on 
utilizing the high capacity of optical fibers. That is due to scattering 
phenomenon, which results in the deviations of wavelengths and energies. 
The dithering method is applied in the attempt to reduce those scatterings. In 
this paper, we propose the performance of a dithering technique based new 
system OFDM-RoF using two modulator scheme and coherent detection to 
alleviate the characteristics nonlinearity applied on the system. The dithering 
technique inputs signal externally to the signal processing systems to 
eliminate the effects of nonlinearity. Here, we report the performance of a 
dithering technique based on the OFDM-RoF, the results our experiment 
showed that the applied dithering with 16 QAM modulation can make the 
system more reliable and increases  the power level 1.55% with 193.1 
THz, 2% with  100 THz and 1.99% ~ 200 THz, the best condition are 
with fd < fc. However, all condition close proximity in the parameters OLP 
(optical launch power), BER and SER measurement. The result demonstrated 
a high efficiency and good power in which the OLP operated 6.396 
dBm/4.361 E-3 W~fd 200 THz, 3.578 dBm/2.279 E-3 W~fd 193.1 THz and 
6.420 dBm/4.3384 E-3 W~100 THz. The best BER value is achieved at 0.33 
and SER 0.78 at 5 km~fd 100 THz, 0.33 and 0.768 for 10 km~fd 193.1 THz, 
0.478 and 0.92 for 50 km~fd 193.1 THz.
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1. INTRODUCTION 

Radio over Fiber is a process of sending radio signals over optical cables to support faster data 
delivery. The principle of this technology combines two signals; they are analog signals as a radio and digital 
signal as a optical source. In this case the signal of optical used CW laser and a signal radio is OFDM; 
OFDM is one of system communication broadband using high frequency. In this system, be required 
modulator to combine both of the signal. Radio over Fiber modulates radio signals or superimposed with the 
light, RF signals were modulated by optical signals, and these signals were transmitted through the optical 
fiber. Those signals used external modulation to combine and the type used is an external modulator, the one 
of external modulation is MZM (Mach-Zehnder Modulator), it is used in many analog optical links causes 
characteristic a high deterministic nonlinearity. Optical modulators (external and direct modulator) used are 
the main sources of nonlinear distortion in fiber link. Nonlinear effects occur because the frequency shift of 
the scattered light has a high electric field in the optical fiber, that raises the share of energy absorbed or 
losses. Response to light any dielectric material will be nonlinear to strong electromagnetic fields. 
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Nonlinearity properties of the fiber become very important to be part of scientific studies, nonlinearity on 
giving evidence of the threshold mechanisms to the amount of data that can be transmitted on a single optical 
fiber [1]-[2].  

In previous research, optimizing of modulator RoF-LTE in nonlinear condition using numerical 
simulation, modulator used are internal modulator, external modulator and dual electrode modulator. The 
other paper observed impact of external and internal modulator in RoF system based on frequency dithering 
to providing high power budget. Compensated nonlinear on RoF also observes in another paper to achieve 
high power budget using power gain. The other project proposes to investigate performance and 
characteristic OFDM based on modulation for Rolf [1],[3],[4]. A modeling system to achieve high 
performance based on OFDM optical network and introduce a novel ICI (Inter Carrier Interference) reduction 
algorithms cancellation under the various channel environments has already been considered in the literature 
[5],[6]. 

This research focuses on dithering technique in new model system to improve optical receiver power 
and to observe the impact of dither frequency changing in the nonlinear characteristic of optical fiber. This 
characteristic can degrade the performance and decrease system power.Therefore, the system needs a 
technique to solve the problem, and the technique is called dithering. Dithering can be a solution to solve 
nonlinear problems, because one of the characteristics of dithering can be used for affecting the dynamic 
behavior of a system, in dithering technique, the input externally noise or signal with high and low frequency 
in signal processing systems to eliminate the effects of nonlinearity, adding amplitude increase the linearity 
of the system. 

In this paper, we propose a novel using dithering technique sine generator source, which will be 
applied in the new scheme system. In this a novel dithering technique is applied with two modulators on high 
source frequency of laser, coherent detection. This research will observe the impact of the propose technique 
by applying some improve dithering frequency technique in fiber, considering nonlinearity characteristics in 
QAM modulation scheme. The research will use some conditions fd > fc, fd = fc,  fd < fc, fd (freq dither)~fc (freq 
carrier)  applied on OFDM-RoF links to show optical performance interconnected with mobile cellular 
system. Simulation and measurement will use based on license software Optisystem 13.0 and Matlab 2010a. 
 
 
2. DITHERING SCHEME METHOD 

Nonlinear characteristic in one system, described nonlinear operator with input output as 
, Figure 1 is describe of dithering, wherein the signal d(t) is the continuous time dithering, 

x(t)~y(t) is the input and  output signal of the nonlinear system. The mathematical formula of output system 
is: 

 
  (1)  

 
where  is the impulse response of the filter , if already getting a formula of the single-input 
single-output , output response can be fine to any desired input. [7]-[9]. 

 

 
 

Figure 1. The Nonlinear Single Frequency fd Component after Pass a High Frequency Dithering 
 
 
The dither signal in high frequency, denoted as  is expected to have a frequency higher than 

the maximum frequency component of the input , usually the fundamental frequency of  or the 

minimum frequency component of Fourier transform  is higher than the input signal frequency. The 
dithering signal  can be expressed as [9]: 

 
                                        (2) 
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Figure 2. Nonlinear Component after a High Frequency Dithering in Single Frequency fd 

 
 
In the part of radio transmitter, signal baseband on single carrier modulations are composed of 4-

QAM can be denoted as   1,......,1,0:  NmmX , where m is the sub-carrier index and N is the number of 

sub-carrier, X(m) are then modulated onto orthogonal frequency division multiplexing (OFDM) S(n) given by 
[10] : 
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Where n=0,1,…., N-1  is a time domain index. This system used a component of OFDM OS12, the value of 
roll off factor r can be arranged from 0 until 1. OFDM modulation results 512 sub-carriers at M-QAM/PSK 
position (QAM/PSK Mary position) and 1024 points of FFT. The MZM based on EM can be formulated as: 

 

                (4) 

 
where  and  are the output and input optical fields modulator, respectively  is biasing voltage,  
is half-wave voltage and the  power is 2 dBm level for consistency. The equations that describe the 
behavior of the MZ modulator are: 

 
 (5) 

 
Where  is the phase difference between two branches and represented as follows: 

 
  (6)                         

 
with 
 

 
 
and  is the signal phase change defined as: 
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)        (7) 

 
Achieving parameter of SC is -1 if negative signal chirp is true and 1 is false, extrat is the extinction 

ratio, SF is symmetry factor, and modulation (t) is the electrical input signal normalized between 0 and 1. 
SMF 28 used in the optical fiber. The characteristics of SMF based on component for effective area and 
wavelength have imported from OptiFiber 2 Software as shown in the Figure 3. 

 
 

 
 

Figure 3. Output of Nonlinear Component for Effective Area and Wavelength 
 
 
3. SIMULATION RESULTS AND ANALYSIS 

Analysis of performance system is viewed from the power output every block of the OFDM-RoF 
system and in the receiver.. The configuration system and output power of each step and block diagram 
system OFDM-RoF injected dithering concept can be seen in Table 1 and Figure 4. 

 
 

 
Figure 4. Block Diagram of OFDM-RoF using Dither Scheme 
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Tabel 1.  Data Simulation 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

F(Thz)

Power 
(dBm)

AFTER DITHER

BEFORE DITHER

6.420

6.406

3.578

6.396

‐6.426

50 100 193.1 200

 
               

Figure 5. Optical Launch Power before and after Dithering 
 
 

 
 

Figure 6. Subsystem Receiver Optical Loop and Fiber Length 
 

 

Parameter Value 
Bit Rate 10 Gbps 
Modulation Format 16-QAM 
Sequence Length 16384 
Sample per Bit 8 
Sample rate 80 GHz 
Frequency CW Laser 193.1 THz 
CW Laser Power 9 dBm 
Extinction Ratio 60 dB 
Switching Bias and RF Voltage 4 dB 
SMF 5,10,50 km 
Attenuation  0.2 dB/km 
Local Oscillator Power 
Sine Pulse Generator and Pulse Modulator Freq 

-2 dBm 
50, 100, 193.1 (THz) & 100 GHz  

Linewidth 10 MHz 
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Figure 5 and Figure 6 explains result measurement of Optical Power Meter (OPM) after output of 
the modulator MZM with constant value -6.426 dBm. High frequency has been applied in this system, the 
output combines of two modulators will be injected by signal sine generator using ~user defined 
pseudorandom~ as a source signal, after that signal will combine in the modulator MZM. The measurement 
used dithering results as follows 6.420 dBm at frequency of 100 THz, 3.578 dBm ~193.1 THz and 6.396 
dBm ~ 200 THz. While used the same frequency 193.1 THz fd = fc for dithering, the power is not significant 
to increase then condition fd > fc, fd < fc, this condition caused by the interference between frequencies which 
resulted in the reduction and mutual inter- frequency attenuation, there are some channels are missing. Beside 
of that, due also dither signal is serving as the accumulator phase values before further quantization of the 
accumulated result. This dithering of the recurrence around the unmodulated quality results in a more 
extensive scope of optical frequencies being available along the fiber length.  

 
 

                                            
(a) 

 

 
  (b)     (c)                          (d) 

               
Figure 7. a) Spectrum before Dithering b) Spectrum after Dithering Fd 100 THz c) Spectrum after Dithering 

Fd 193.1 THz d) Spectrum after Dithering Fd 200 THz 
 
 

Figure 7 shows the condition spectrum after and before dithering for condition condition fd > fc, fd = 
fc, fd < fc, that is showing constant of amplitude dither should be uncorrelated in time, uncorrelated with the 
analog signal and constant in amplitude. While the condition is an fd = fc, there is having a recurrence and 
overlap, in this way dithering framework can't run superbly when there is no dominant frequency. If fd > fc, it 
will not induce the effect of fd because since the laser is as modulated and chirped by SRF(t). The best 
achievements for baseband condition is fd < fc, for the baseband system [11], condition {fd > fm} is being 
required as the baseband signal, it will be focused to the direct current. Detail achievements of dithering 
spectrum after pass on fiber length 5 km, 10 km and 50 km with fd  100 THz, 193.1 THz and 200 THz is 
shown Figure 8 until Figure 10.  
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                            (a)                              (b)                (c) 

 
Figure 8. RF Spectrum in Receiver Fiber 5 km after Dithering a) Fd 100 THz b) Fd 193.1 THz and c) Fd 200 

THz 
 
 

       
                                (a)                                 (b)                  (c) 

 
Figure 9. RF Spectrum in Receiver Fiber 10 km after Dithering a) Fd 100 THz b) Fd 193.1 THz and c) Fd 200 

THz 
 
 

  
                         (a)                          (b)                  (c) 

 
Figure 10. RF Spectrum in Receiver Fiber 50 km after Dithering a) Fd 100 THz b) Fd 193.1 THz and c) Fd 

200 THz 
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(a)                           (b)                                             (c)                                   

    
Figure 11. Nonlinear Impact after using Frequency Dithering   

 
 

Based on output of optical spectrum analyzer that was generated before the optical signal through 
single mode fiber, at the carrier of 193.1 GHz and frequency dithering 100 GHz shows the power is 
approximately 17.371 dBm at 5 km, 16.371 dBm ~ 10 km and 8.371 dBm ~ 50 km, used 193.1 THz shows 
power 13.399 dBm ~ 5 km, 12.356 dBm ~ 10 km, 4.33 dBm ~ 50 km, the last power of approximately 
13.320 dBm ~ 5 km, 16.371 dBm ~ 10 km and 8.371 dBm ~ 50 km for fd 200 THz  BER and SER result 0.33 
and 0.78 fd 100 THz and fiber length 5 km, 0.36 and 0.84 fiber length 10 km and 0.54 and 0.94 fiber length 
50 km. The other fiber length and fd 193.1 THz we get BER and SER 0.35 and 0.82 ~ 5 km, 0.33 and 0.768 ~ 
10 km, 0.478 and 0.92 ~ 50 km. fd  200 THz  BER and SER get value 0.35 and 0.82 ~ 5 km, 0.43 and 0.884 ~ 
10 km, 0.52 and 0.93 ~ 50 km.  

Figure 11 shows the impact of nonlinear fiber propagation after using a dither technique that to 
calculate of nonlinearity impact using numerical method Split-Step Fourier Method (SSFM) with 
nonlinearity factor (gamma) is 0.003 W/m, dither frequency used are (a) 100 THz, (b) 193.1 THz, (c) 200 
THz, each the power of value is 4.384 E-3 W, 2.279 E-3 W, 4.361 E-3 W. The best power in 5 km is 17.371 
dBm, 16.371 dBm ~10 km and 8.371 dBm ~ 50 km, operated on fd = 100 THz. In the other scheme without 
dithering technique, in 193.1 THz the power approximately 5 km ~ 1.43 E-3 W, 10 km ~ 1.12 E-3 W and 50 
km 191.127 E-6 W. 

However, frequency dithering could increase the performance of the system, the results of the 
simulation after applied dither technique showed a consistency of condition fd < fc is the best condition to 
produce better power, the amount of value fd  is influenced to the value of output power. 

 
 
4. CONCLUSION 

In this paper, dither methods were has shown mitigation result of the nonlinear effect in the system. 
We discovered this method can increase OLP if condition is achieved fd < fc. However, all conditions reach a 
high efficiency and good power, in which the OLP operated 6.396 dBm/4.361 E-3 W ~ fd 200 THz, 3.578 
dBm/2.279 E-3 W ~ fd 193.1 THz and 6.420 dBm/4.3384 E-3 W ~100 THz. The best BER achieved in 0.33 
and SER 0.78 at 5 km ~ fd 100 THz, 0.33 and 0.768 for 10 km ~ fd 193.1 THz, 0.478 and 0.92 for 50 km ~ fd 

193.1 THz, this resulting that the system increased 1.55% ~193.1 THz, 2% ~ 100 THz, 1.99% ~ 200 THz of 
it’s performance. The signal produces an optical signal with fewer harmonic in the sidebands, which the 
condition occurs because there are similarities of frequency dithering and frequency carrier of the signal. 
Applying of dithering method in the system can reduce nonlinear characteristics, thus the OFDM-RoF system 
at 16-QAM modulation with dithering is better than without dithering system. 
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