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Abstract: We present experimental demonstrations using both Coherent and Direct-Detection Optical-Orthogonal 
Frequency Division Multiplexing (DDO-OFDM and CO-OFDM) for the compensation of Chromatic Dispersion 
(CD) and residual dispersion in long-haul optical fiber networks. The analysis showed that CO-OFDM outperformed 
that of DDO-OFDM provided the same parameters were used throughout the experiments. Two model systems were 
developed, one with Phase Rotation Method/Constellation Adjustment Method (PRM/CAM) and one without. From 
the results obtained, it showed that the model with PRM outperformed one without PRM. Different modulation 
formats (Quadrature Phase Keyings  and Quadrature Amplitude Modulations) were used in the simulations, the 
results obtained equally showed that the lower modulation schemes; QPSK and 4-QAM have a better BERs than the 
higher modulation schemes; 256-QAM and 512-QAM. At a high distance of about 1000 km, the 4-QAM systems 
outperformed QPSK, 256-QAM and 512-QAM system by a factor of 10-2, 10-4 and 10-5 respectively. 
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1. INTRODUCTION 

     Orthogonal Frequency Division Multiplexing 
(OFDM) is a robust digital modulation technique 
widely used in most recent and advanced broadband 
communication systems[1]. It is the basic technology 
behind the LTE, LTE-Advance/Fourth Generation 
(4G) and the future Fifth Generation (5G) networks 
[2]. In an OFDM system, a closely-spaced, huge 
number of subcarriers are used to transmit data, this 
is achieved by dividing the whole data streams into 
multiple parallel small sub-streams/channels and 
allocating a sub channel for each of the sub streams 
[3]. Finally, each of these subcarriers are modulated 
with appropriate modulation techniques such as; M-
arrays Quadrature Amplitude Modulation (M-QAM) 
and M-arrays Phase Shifting Keying (M-PSK) at a 

very low symbol rate other than the conventional 
single carrier modulation scheme like Frequency 
Division Multiple Access (FDMA), achieving it 
under the same bandwidth [3]. 

     In a broad view, OFDM  is a multicarrier 
transmission technique, which divides an allocated 
spectrum into many carriers, each one being 
modulated by a low rate data stream [1]. In 
comparison, OFDM is similar to FDMA in that the 
multiple user access is achieved by subdividing the 
available bandwidth into multiple channels, which are 
then allocated to different users. Economically, 
OFDM offers more benefits in utilization of available 
bandwidth than FDMA. This is because it uses the 
spectrum much more efficiently by spacing the 
channels much closer together [4]. Although, it 
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achieved this by making all the carriers orthogonal to 
one another, thereby preventing interference between 
the closely spaced carriers. OFDM subcarriers 
overlap each other, though they interfere with each 
other due to the orthogonality (perpendicular) nature 
of each subcarriers [5].  

2. FIBER WORKING PRINCIPLE 

      When the input data, in the form of electrical 
signals, is given to the transmitter circuitry, it 
converts them into light signal with the help of a light 
source. This source is of Light Emitting Diode (LED) 
whose amplitude, frequency and phases must remain 
stable and free from fluctuation in order to have 
efficient transmission [6]. The light beam from the 
source is carried by a fiber optic cable to the 
destination circuitry wherein the information is 
transmitted back to the electrical signal by a receiver 
circuit [7]. 

 

Fig. 1 Working Principle of Fiber Communication  

      The Receiver circuit consists of a photo detector 
along with an appropriate electronic circuit, which is 
capable of measuring magnitude, frequency and 
phase of the optic field. This type of communication 
uses the wave lengths near to the infrared band that 
are just above the visible range [8]. Both LED and 
Laser can be used as light sources based on the 
application. At the receiver, the exact information 
transmitted are distorted by phase noise, interference 
and other fiber impairments. In this paper, we were 
able to minimize or rather proffer a solution in 
tackling of these impairments. 

2.1 Cyclic Prefix (CP) for OFDM 

      One of the enabling techniques for the mitigation 
of dispersive channel effects such as Chromatic 
Dispersions (CP) and polarization dispersions mode 
is the insertion of the cyclic prefix [9]. Though, other 
additional techniques in OFDM such as modulation 
and demodulation of many orthogonal subcarriers 
via; FFT and IFFT are done for a better signal 

performance [10]. Here, we consider two 
consecutive OFDM symbols that undergo a 
dispersive channel with a delay spread of td . For 
c larity, each OFDM symbol includes only two 
subcarriers with a fast delay and slow delay spread 
at td , represented by “fast subcarrier” and “slow 
subcarrier,” respectively. Figure 2(a) shows that inside 
each OFDM symbol, the two subcarriers, “fast 
subcarrier” and “slow subcarrier” are aligned upon 
the transmission. Figure 2(b) shows the same 
OFDM signals upon the reception, where the “slow 
subcarrier” is delayed by td against the “fast 
subcarrier.” A DFT window is been selected 
containing a complete OFDM symbol for the “fast 
subcarrier.” It is perceived that due to the channel 
dispersion, the “slow subcarrier” has crossed the 
symbol boundary leading to the interference between 
neighbouring OFDM symbols, formally, the so-called 
Inter Symbol Interference (ISI) [11]. Moreover, the 
OFDM waveform in the DFT window for “slow 
subcarrier” is incomplete, the critical orthogonality 
condition for the subcarriers is lost, resulting in an 
Inter Carrier Interference (ICI) penalty. 

      Cyclic prefix was a good technique proposed 
to resolve the channel dispersion-induced ISI and 
ICI [12, 13]. Figure 2(c) shows insertion of a cyclic 
prefix by cyclic extension of the OFDM waveform 
into the guard interval G. As we can see from Fig. 
2(c), the waveform in the guard interval is 
essentially an identical copy of that in the DFT 
window, with time-shifted by “ts” forward. Figure 
2(d) shows the OFDM signal with the guard 
interval upon reception. We make two assumptions 
here; that the same signal has traversed the same 
dispersive channel, and the same DFT window is 
selected containing a complete OFDM symbol for 
the “fast subcarrier” waveform. It can be seen from 
Figure 2(d), that a complete OFDM symbol for 
“slow subcarrier” is also maintained in the DFT 
window, because a proportion of the cyclic prefix has 
moved into the DFT window to replace the identical 
part that has shifted out. As such, the OFDM symbol 
for “slow subcarrier” is an “almost” identical copy of 
the transmitted waveform with an additional phase 
shift. This phase shift is dealt with through channel 
estimation and will be subsequently removed for 
symbol decision [14].  
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Fig. 2.10 OFDM signals (a) without Cyclic Prefix at 
the transmitter, (b) without Cyclic Prefix at the 
receiver, (c) with Cyclic Prefix at the transmitter (d) 
with Cyclic Prefix at the receiver  
 
      The important condition for ISI-free OFDM 
transmission is given by:  

td < •G:     1 

It can be seen that after insertion of the guard interval 
greater than the delay spread, two critical procedures 
must be carried out to recover the OFDM information 
symbol properly, namely, (a) selection of an 
appropriate DFT window, called DFT window 
synchronization, and (b) estimation of the phase shift 
for each subcarrier, called channel estimation or 
subcarrier recovery. Both Digital Signal Processing 
(DSP) procedures are actively pursued research 
topics, and their references can be found in both books 
and journal papers [15]. 

      Figure 3 illustrates one complete OFDM symbol 
composed of observation period and cyclic prefix 
corresponding time-domain OFDM symbol. The 
waveform within the observation period will be 
used to recover the frequency-domain information 
symbols [16]. 

 

 

 

 

 

 

 

Fig. 3  Time-domain OFDM Signal for a Complete 
OFDM Symbol. 

2.2 Optical Single Side Band (OSSB) Signal 

Generation Implementing a Bragg Grating 

      In the mid-1990s, different authors have proposed 
on the use of chirped Fiber-Bragg Grating (FBG) to 
compensate for Chromatic Dispersion (CD) penalty. 
Recently, an experiment on a Reduction of 
Chromatic Dispersion Effect in Lightwave 
Microwave/Millimeter-Wave Transmission using 
Tapered Linearly Chirped Fiber Grating [17]. It was 
found that the generation of Optical Single Sideband 
+ Carrier (OSSB + Carrier) instead of conventional 
Optical Double Sideband (ODSB) signal eliminates 
the power fading phenomenon, since the detected RF 
power results from only one beat signal. Optical 
filtering was used to eliminate one of the two 
sidebands of the optical spectrum. The key reason for 
the filtering when applied for baseband transmission 
was for the compensation of CD in a long-haul 
transmission [18].  

      Then, [19] extended OSSB filtering to fiber-radio 
system and equally used Fiber Bragg-Grating to filter 
out one sideband of ODSB signal. The experiment 
was conducted using a transmission of 25GHz RF 
signal over a 51km Long SSMF link, leading a 
progressive result of no fading of the photo-detected 
power level. The shortfall emanated from this work is 
that the filtering technique is quite dependent on the 
wavelength of the optical carrier leading to an 
imperfect compensation of CD. Although, 
implementation is very easy, it requires a narrow 
bandwidth optical filter. Similarly, the effect of 
residual dispersion that remains after chromatic 
dispersion and equalization have been analyzed in a 
journal paper title, Efficient Chromatic and Residual 
Dispersion Postcompensation for Coherent Optical 
OFDM. It was observed that OFDM systems with 
CAM shows a superior Min BERs than the Non-
Return-to-Zero (NRZ) systems [20]. 

3. EXPERIMENTAL PROCEDURE 

      Firstly, an O-OFDM model is developed using an 
OptiSystem Software. OptiSystem is an innovative, 
rapidly evolving, and powerful software design tool 
that enables users to plan, test, and simulate almost 
every type of optical link in the transmission layer of 
a broad spectrum of optical networks from LAN, 
MAN to ultra-long-haul transmission. The next step 

Ts, OFDM Symbol 
Period 

 

ts, Observation 
Period 

D G, Guard 
Interval 
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is to incorporate O-OFDM detection techniques; CO-
OFDM and DD-OFDM into the O-OFDM model. 
The first simulation is carried out using both 
techniques and we compare their percentage (%) 
Min-BER improvement with and without CAM. The 
second simulation is carried out using different CO-
OFDM modulation  techniques and we compare their 
Min-BERs with and without Phase Rotation Method 
(PRM) at different stages as the distance increases. 
Finally, analysis of the performance results were 
carried out using MATLAB technical computing 
package. 

3.1 System Setup 

      Both DDO-OFDM and CO-OFDM system 
includes five basic functional blocks as shown in 
Figure 3 below: OFDM transmitter, RF to Optical 
up-converter, optical link, Optical to RF (OTR) 
down-converter, and OFDM receiver [21]. 

 

Fig. 3 A Schematic of DDO-OFDM System Setup 

     The only different in both circuits are replacing 
the Mach Zhender Modulator (MZM) and PIN 
detector in DDO-OFDM with optical In-
Phase/Quadrature (I-Q) modulator and coherent 
receiver respectively [22]. However, both techniques 
have their own peculiar advantages and 
disadvantages. In DD-OOFDM the receiver is 
simple, but some optical frequencies must be unused 
if unwanted mixing products are not to cause 
interference. Although, this is usually achieved by 
inserting a guard band between the optical carrier and 
the OFDM subcarriers, which resulted in reducing 
the spectral efficiency. The shortfall of DD-OOFDM 
is that more transmitted optical power is required for 
carrier transmission. Nevertheless, CO-OFDM 
requires a laser at the receiver to generate the carrier 
locally, even though, it`s more sensitive to phase 
noise. 

 

3.2 Phase Rotation Method (PRM)  

      Phase Rotation Method (PRM), which in other 
way round is the same as Constellation adjustment 
method (CAM) is a method used in tackling some 
Residual Dispersion left after chromatic dispersion 
and equalization. The essence of measured 
constellation diagrams representation is to recognize 
the type of interference and distortion in a signal. 
Here, we represent our signal as a two-dimensional 
xy-planes scatter diagram in a complex plane at a 
symbol sampling instant as shown is in Figure 4 
below; 

  

Fig. 4 Two-dimensional xy-planes scatter diagram 

However, upon reception of the signal, the 
demodulator will examine the received symbol, 
which invariable may have been corrupted by 
distortion, chromatic dispersion, Additive White 
Gaussian Noise (AWGN), phase noise, inter-symbol 
and inter-carrier interferences. The demodulator 
selects, as well as estimate exactly what was actually 
transmitted, at that point on the constellation diagram 
which is closest to that of the received symbol. For 
that reasons, it will demoulate incorrectly due the 
corruption encountered. The received symbol will 
move closer to another constellation points than the 
actual estimated points. Figure 5 below show the 
direction phase rotation from the received points to 
exact points in the xy-planes. 

  

Fig. 5 Direction of Phase Rotation in IQ-plane 

      However, with the signal encountering some 
impairments, we use Phase Rotation Method as 
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outlined below to tackle it; We first rotate the phase 
dispersion Ѳ(k) for all the subcarriers, divide the 
constellation points into four quadrants for 4-QAM, 
eight quadrants for 8-QAM, sixteen quadrants for 16-
QAM and so on, each according to the subcarrier 
modulation format. The next step is for each the four 
quadrant, we calculate the centre of the points, with 
each of the four carrier signals as below; 

S0(t) = Ac Cos (2πf0t + 0)   00  2 

S1(t) = Ac Cos (2πf0t + 
 

 
)   01  3 

S2(t) = Ac Cos (2πf0t + π)   10  4 

S3(t) = Ac Cos (2πf0t + 
  

 
)   11  5 

      The difference between the estimated 
phase/amplitude and the theoretical constellation 
positions are tabulated. We make an adjustment to all 
subcarriers in each quadrants to compensate the 
phase/amplitude discrepancies. The procedure is 
repeated until there exist no discrepancies among the 
amplitude/phase angles. Below is the flow chart for 
the Phase Rotation Method described above. 

 

Fig. 6 Flow Chart for Phase Rotation Method 

3.3 Parameters Used for Simulations       

      The general parameters used for this simulation 
are shown in Table 1 below, while Table 2 and 3 
show the Transmitter/Receiver Parameters, Optical 
Fiber Link Parameters and Receiver Parameters 
respectively; 

Table 1  Simulation Parameters 

S/No Parameters Values Units 
1 Bit rate 10e9 bit/sec 
2 Time window 12.8e-9 Sec 
3 Sample rate 640e9 Hz 
4 Sequence length 128 Bits 
5 Samples per bit 64  
6 Symbol rate 10e9 Symbols/sec 
7 Sensitivity -100 dB 
8 Resolution 0.1 Nm 
9 Interpolation 

offset 
0.5 Nm 

 

Table 2 Transmitter/Receiver Parameters 

S/No Parameters Values Units 
1 QAM Bits Per Symbol 

(b/sym) 
2  Bits 

2 QAM Gray Code No  
3 QAM Differential 

Coding 
No  

4 OFDM Size 144  
5 OFDM Maximum 

possible subcarriers 
128  

6 OFDM Guard interval 16  
7 OFDM used subcarrier 82  
8 OFDM unused subcarrier 41  
9 OFDM Pilot subcarrier 5  
10 Average OFDM power 12  dBm 
11 CW Laser frequency 193.1 THz 
12 CW Laser power 10 dBm 
13 CW Laser linewidth 0.1 MHz 
14 CW Laser Azimuth 45 Degree 
15 LPBF Cut-off 

frequency 
0.75 x 
Symbol 
rate 

Hz 

 

Table 3 Optical Fiber Link Parameters 

S/No Parameter Value Units 
1 Optical fiber length 100 - 

1000 
Km 

2 Attenuation 0.2 dB/km 
3 Dispersion 17 Ps/nm/km 
4 Effective area 80 μm2 

5 Reference wavelength 193.1 THz 
6 Optical gain 20 dB 
7 Optical noise figure 4 dB 
8 Ideal Dispersion 

Compensation FBG 
Bandwidth 

125 GHz 

9 Dispersion  -800 Ps/nm 
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3.4 Coherent Optical-OFDM Transmitter 

      The transmitter system model consist of two 
parts, namely; RF transmitter and Optical transmitter.  
The optical transmitter converts the electrical signal 
into optical form and lunch the resulting optical 
signal into the fiber optical link. The optical 
transmitter consists of three components, namely; 
optical source, electrical pulse generator and optical 
modulator. Here, both modulation and multiplexing 
are achieved digitally using an Inverse Discrete 
Fourier Transform (IDFT). Note that, the subcarrier 
frequencies are mathematically orthogonal over one 
OFDM symbol period. Figure 7 depicted the 
simulation set-up for the 4-QAM CO-OFDM 
Transmitter. While Figure 6 depicted A Coherent 16 
QAM 4 Level Circular Dual Polarization (DP) 
Transmitter as well. 

 

Fig. 7 4-QAM CO-OFDM Transmitter 

      112-Gb/s (112x1000-Mb/s) CO-OFDM super-
channel signal is generated by multiplexing five (5) 
OFDM sub-bands. Each band consists 22.4-Gb/s 
OFDM signals which are transmitted in dual 
polarizations. The QAM CO-OFDM transmitter has a 
gain and bias of 0.021 volt and 1.5 volt respectively 
and an optical frequency source with a Continuous 
Wave (CW) laser of 191.1THz and 10 dBm for 
optical frequency and power respectively. The 
transmitted signal is generated off-line by a Pseudo-
Random Bit Sequence (PRBS) Generator with 10e9 
bits/secs, Time window of 3.2768e-6 s, Sample rate of 
10e-9 Hz and Symbol rate of 5e9 Symbols/s  and 
mapped to 16-QAM constellation. The digital time 
domain signal is formed after IFFT operation. The 
FFT size of OFDM is 128 carriers, and guard interval 
is 1/8 of the symbol window. The middle 82 
subcarriers out of 128 are filled, from which five 
pilot subcarriers are used for phase estimation. 

3.5 Optical Fiber Link 

      The Fiber Link for CO-OFDM set-up consists 
of 100 km span of Standard Single Mode Fiber (S-

SMF) including an Ideal Dispersion Compensation 
Fiber Bragg Grating (FBG) and Optical Amplifier 
prior to each span. Figure 8 shows the 
configuration of the fiber link. The Optical 
Amplifier increases the link distance, which is 
limited by fiber loss in an optical communication 
system. The length of fiber can be increased by 
increasing the number of loops. The amplifiers have 
a 4-dB noise figure and a 20-dB gain, while the 
Optical Fiber has a dispersion of 17 ps/nm/km, an 
effective area of 80 μm2, attenuation of 0.2-dB/km  
and reference wavelength of 193.1THz.. The ideal 
dispersion compensation Fiber Bragg Gratings 
(FBGs) have a frequency of 193.1 THz, bandwidth of 
125 GHz, dispersion of -800 ps/nm and a noise 
threshold of about -100 dB.  

 
 

Fig. 8 Architecture of CO-OFDM Fiber Link. 
 

3.6 Coherent Optical-OFDM Receiver 

      The 4-QAM CO-OFDM Receiver side comprises 
a polarization beam splitter, a local laser, two optical 
900 hybrids, and four balanced photo-receivers are 
used to down-convert the data to the RF domain. 
Figure 9 shows the schematic of Coherent Optical-
OFDM receiver. 

 
Fig. 9 A 4-QAM CO-OFDM Receiver 

The complete architecture of the 112 GB/s 4-QAM 
DDO-OFDM Post-Compensation Fiber Bragg 
Grating (FBG) is shown in Figure 10 below;. 
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Fig. 10 Architecture of 112-GB/s 4-QAM DDO-
OFDM Post-Compensation Fiber Bragg Grating. 

4. SIMULATION RESULTS  

      Both DDO-OFDM and CO-OFDM 112-GB/s 
Post-Compensation Fiber Bragg Grating (FBG) 
System where simulated and their estimated results 
were tabulated as shown in Tables 4-7. As earlier 
mentioned, the only different between the DDO-
OFDM and CO-OFDM are replacing the Mach 
Zhender Modulator (MZM) and PIN detector in 
DDO-OFDM with optical In-Phase/Quadrature (I-Q) 
modulator and coherent receiver respectively. While 
Figures 11, 12, 13, 14 and 15 shows the Oscilloscope 
Visualizer, RF Spectrum Analyzer, Optical Spectrum 
Analyzer, Electrical Constellation Visualizer before 
CD, Electrical Constellation Visualizer after CD 
respectively and BER Analyzer Eye Diagram.  

 

Fig. 11 Oscilloscope Visualizer 

 

Fig. 12 RF Spectrum Analyzer 

 

Fig. 13 Optical Spectrum Analyzer 

 

Fig. 14 Electrical Constellation Visualizer before CD 
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Fig. 15 Electrical Constellation Visualizer after CD 

 

Fig. 16 BER Analyzer Eye Diagram. 

4.1 Comparison of BER Improvement for DDO-

OFDM and CO-OFDM 

      The BERs of all the various modulation systems 
(m-QAM and n-PSK) in DDO-OFDM against the 
CO-OFDM were estimated. The CO-OFDM has 2 x 
7.5 GHz Low Pass Bessel Filter, four (4) PIN 
Detectors and IQ-Phase, while the DDO-OFDM has 
a PIN Detector and MZM.  

      The Min-BERs and their corresponding Max-Q 
Factors for both systems with and without 
Constellation Adjustment Method (CAM) were 
estimated as shown in Table 4 and 5 respectively. 
From the estimated values, we deduced the 
percentage (%) Min-BERs improvement (sensitivity) 
in each of the system over a bandwidth of 12.5 GHz 
for both low and high rate modulation schemes over a 
distance of 100 Km. 

Table 4 Results Showing DD-OFDM Q-Factors and 
BERs Improvement. 

S/
No 

Modul
ation 
Types 

Ma
x-Q 
Fact
ors  

Ma
x-Q 
Fact
ors 
(wit
h 
CA
M) 

Min-
BER
s  

Min-
BER
s 
(wit
h 
CA
M) 

% BER 
Improv
ement 

1 BPSK 3.44
61 

6.39
93 

1.06
79e-

10 

5.74
73e-9 

85.7 

2 QPSK 3.36
17 

6.18
89 

8.17
01e-9 

4.43
79e-9 

84.1 

3 4-
QAM 

3.33
55 

6.09
07 

5.67
28e-9 

3.10
64e-9 

82.6 

4 8-
QAM 

3.21
86 

5.82
56 

3.18
82e-9 

1.76
14e-9 

81.0 

5 16-
QAM 

3.13
75 

5.62
87 

5.72
26e-8 

3.18
99e-8 

79.4 

6 32-
QAM 

3.04
09 

5.40
68 

3.12
79e-8 

1.75
92e-8 

77.8 

7 64-
QAM 

2.95
89 

5.21
07 

1.08
92e-8 

6.18
51e-7 

76.1 

8 128-
QAM 

2.86
57 

5.00
64 

7.97
01e-7 

4.56
22e-7 

74.7 

9 256-
QAM 

2.82
68 

4.89
03 

5.40
32e-7 

3.12
32e-7 

73.0 

10 512-
QAM 

2.76
33 

4.73
91 

3.00
17e-7 

1.75
03e-7 

71.5 

 

Table 5 Results Showing CO-OFDM Q-Factors and 
BERs Improvement. 

S/
No 

Modul
ation 
Types 

Ma
x-Q 
Fact
ors 

Ma
x-Q 
Fact
ors 
(wit
h 
CA
M) 

Min-
BER
s  

Min-
BER
s 
(wit
h 
CA
M) 

% BER 
Improv
ement 

1 BPSK 3.56
33 

7.11
57 

9.82
40e-

12 

3.89
16e-

12 

99.7 

2 QPSK 3.49
41 

6.96
02 

7.75
21e-

12 

4.91
94e-

12 

99.2 

3 4-
QAM 

3.42
89 

6.80
97 

4.76
98e-

12 

2.40
10e-

12 

98.6 

4 8- 3.39 6.66 8.44 4.30 96.1 
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QAM 64 04 12e-

11 
45e-

11 
5 16-

QAM 
3.35
75 

6.50
20 

5.10
05 e-

11 

2.58
39e-

11 

93.7 

6 32-
QAM 

3.35
49 

6.35
06 

5.98
43e-

10 

3.16
13e-

10 

89.3 

7 64-
QAM 

3.32
67 

6.18
77 

1.63
82 e-

10 

8.80
81e-9 

86.0 

8 128-
QAM 

3.24
79 

6.00
54 

6.07
92e-9 

3.28
78e-9 

84.9 

9 256-
QAM 

3.21
13 

5.87
03 

2.83
41 e-

9 

1.55
04e-9 

82.8 

10 512-
QAM 

3.16
58 

5.71
11 

7.10
59e-8 

3.93
87e-8 

80.4 

 

Comparing Table 4 and 5 above, we deduced the 
following; 

1. The BERs improvement in CO-OFDM shows 
superiority than the DDO-OFDM as can be  seen 
from both tables above. This is as a result of inherent 
advantages associated with CO-OFDM system, such 
as (a) High spectral efficiency; (b) Robust to 
chromatic dispersion and polarization-mode 
dispersion; (c) High receiver sensitivity; (d) 
Dispersion Compensation Modules (DCM)-free 
operation; (e) Less DSP complexity; (f) Less 
oversampling factor; (g) More flexibility in spectral 
shaping and matched filtering.. 

2. The lowest modulation rate in both table above, 
BPSK has a BER improvement of  about 99.7% on 
CO-OFDM as compared to its counterpart in DDO-
OFDM with BER improvement of about 85.7%. This 
leads to about 14.0% different in both detection 
techniques. 

3. Similarly, the highest modulation rate in both table 
above show that, 512-QAM has a  BER 
improvement of about 80.4% on CO-OFDM as 
against its counterpart DDO-OFDM  with a 
BER improvement of about 71.5%, leading to 8.9% 
different in both. 

4. The Q-factor too deteriorate as the distance of 
transmission increases as can be seen from  both 
tables above.    

 

4.2 Simulation Results of CO-OFDM at Different 

Loops (Distances) 

      The statistical analysis and results of the Min. 
BERs for different distances after incorporating a 
dispersion management scheme; dispersion 
compensation fiber of 16.75 Ps/nm/km with optical 
fiber gain and noise figure of 20dB and 4dB 
respectively into the coherent OFDM simulator. The 
simulation is done to evaluate the performances of 
the low rate (QPSK and 4-QAM) against the higher 
rate modulations (256-QAM and 512-QAM) in both 
CO-OFDM without CAM and CO-OFDM with CAM 
system. The following values were tabulated as 
shown in Table 6 and 7 below. Note; in each of the 
loops (multiple of 100km), the simulation is done for 
10 iterations and the Min. BERs were recorded. 

Table 6 BER Results of CO-OFDM Without CAM. 

S/N
o 

Distanc
es (km) 

Min-BERs 
Low Rate 
Modulation 

High Rate 
Modulation 

QPSK 4-
QAM 

256-
QAM 

512-
QAM 

1 100 4.9194
e-12 

2.4010
e-12  

2.5504
e-9 

3.9387
e-8  

2 200 2.0079
e-12 

1.2099
e-11 

1.8674
e-8 

1.5081
e-7 

3 300 9.4215
e-11 

5.6501
e-11 

9.3950
e-8 

7.2568
e-7 

4 400 6.9437
e-10 

2.6730
e-10 

5.7801
e-7 

2.9014
e-6 

5 500 5.9802
e-9 

8.8214
e-10 

3.9063
e-6 

9.9523
e-6 

6 600 7.3247
e-8 

4.1175
e-9 

1.9040
e-5 

6.1569
e-5 

7 700 8.1077
e-7 

1.9832
e-8 

8.4303
e-5 

5.2017
e-4 

8 800 5.2708
e-6 

7.8178
e-8 

6.0677
e-4 

4.7708
e-3 

9 900 4.6710
e-5 

4.7067
e-7 

5.1173
e-3 

9.4367
e-2 

10 1000 5.1374
e-4 

2.9047
e-6 

9.0472
e-2 

7.9941
e-1  
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Table 7  BER Results of CO-OFDM with CAM. 

S/N
o 

Distanc
es (km) 

Min-BERs 
Low Rate 
Modulation 

High Rate 
Modulation 

QPSK 4-
QAM 

256-
QAM 

512-
QAM 

1 100 2.7521
e-12  

1.7698
e-12  

1.5341
e-9  

2.1059
e-8  

2 200 7.9147
e-12 

5.2478
e-12 

1.0013
e-8 

7.1171
e-8 

3 300 3.2204
e-11 

1.8100
e-11 

4.4050
e-8 

2.3567
e-7 

4 400 8.5010
e-11 

6.5175
e-11 

1.8701
e-7 

8.9342
e-7 

5 500 3.8371
e-10 

2.0210
e-10 

7.2131
e-7 

2.6320
e-6 

6 600 1.8353
e-10 

6.6512
e-10 

2.1047
e-6 

7.5072
e-6 

7 700 8.4477
2e-9 

2.3157
e-9 

6.7518
e-6 

2.7810
e-5 

8 800 4.6031
e-8 

6.1172
e-9 

1.6574
e-5 

9.3671
e-5 

9 900 3.1370
e-7 

2.1318
e-8 

5.0781
e-5 

2.8893
e-4 

10 1000 2.0029
e-6 

7.2461
e-8 

1.5193
e-4 

1.1192
e-3  

 

The results above were plotted using MATLAB for 
each of the modulation systems. Figure 17-20  show 
the Bit Error Rates (dB) as against the Distances 
(Km). 

 

Figure 17 BERs Performance of QPSK v/s Distance 
for OFDM System. 
 

 

Figure 18 BERs Performance of 4-QAM v/s 
Distance for OFDM System. 
 

 

Figure 19 BERs Performance of 256-QAM v/s 
Distance for OFDM System. 
 

 

Figure 20 BERs Performance of 512-QAM v/s 
Distance for OFDM System. 
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  From the simulation result shown in Table 6 
and 7, we deduced the following; 

1. Looking at Figure 17-20, the CO-OFDM systems 
with CAM/PRM outperformed the CO-OFDM 
without CAM/PRM.  

2. In both low and high rate modulation, a better 
signal quality is gotten at a closer distance but 
degrades as the distance increases. This is as a result 
the susceptibility of the high rate modulation signals 
to chromatic and residual dispersion than the low 
rate. Although, low rate modulations have poor 
bandwidth efficiency and low speed than the high 
rate. 

      However, the next step is to compare the 
performance analysis of the four modulation systems; 
QPSK, 4-QAM, 256-QAM and 512-QAM CO-
OFDM with CAM, we deduced the following from 
Figure 21 below.  

 

Figure 21 BERs Performance of QPSK, 4-QAM, 
256-QAM and 512-QAM v/s Distance. 
1. At a distance of 1000 km, the 4-QAM systems 
outperformed QPSK, 256-QAM and 512-QAM 
system by a factor of 10-2, 10-4 and 10-5 respectively. 
This is a result of the inability of the trios to 
overcome the residual dispersion left after chromatic 
dispersion at a higher distance. 

2. Secondly, at a  distance of about 700 Km, the 
BERs improvement of 4-QAM system outperformed 
that of the QPSK. As such, 4-QAM system achieves 
a greater distance more than all, this is because, in-
between the adjacent points in the I-Q plane, the 4-
QAM system distribute their points more evenly than 
the QPSK systems as can be seen from the Figure 15 
and 21 during constellation and plotting. 

3.Finally, low rate modulation schemes (QPSK and 
4-QAM) shows a better Min-BER  improvement 

than those of high rate modulation schemes (256-
QAM and 512-QAM), though as the distance 
increases, the signal quality deteriorate more in high 
rate modulation. 

5. CONCLUSION 

The Percentage (%) Min. BER and Max. Q-factor 
improvements in CO-OFDM outperformed those of 
DDO-OFDM systems provided the same parameters 
were used throughout the simulation processes. This 
is a result of inherent advantages of CO-OFDM as 
against the DDO-OFDM systems. However, the next 
sets of simulation which involves the conventional 
(CO-OFDM) as against the proposed (CO-OFDM + 
PRM) system, the proposed system outperformed the 
conventional system provided the same parameters 
were used. The Phase Rotation Method (PRM) 
eliminates the residual dispersion left after chromatic 
dispersion and equalization. 
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