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Abstract— The study presented in this paper is dedicated to the
employment of genetic algorithms in parameters optimization of
direct-detection optical orthogonal frequency division multiplexing
(DDO-OFDM) systems in short-range links. Simulation results of
system transmissions in optical back-to-back (B2B) configuration
and through 20 and 40 km of standard single-mode fiber (SSMF)
with optimized parameters suggest the appliance of the proposed
mono-objective algorithms. Experimental transmission of a 3.56
Gb/s system over 40 km of uncompensated SSMF was achieved.
Index Terms— Orthogonal frequency division multiplexing, optical directdetection, mono-objective optimization, genetic algorithm.

I. INTRODUCTION
Orthogonal frequency division multiplexing (OFDM) is attractive for optical communications
primarily due to its resilience towards fiber dispersion and widespread use in wireless transmission
links [1]-[3]. Direct-detection optical OFDM (DDO-OFDM) is a promising candidate for short-range
links, access networks and data centers mainly because of its simplicity at the receiver architecture
[4]-[5]. Therefore, electrically generated OFDM can be a promising technique for service providers to
support emerging broadband wireless topologies, beside its disadvantages like optical guard band
insertion and power inefficiency as it requires half power for the transmitted optical carrier [6].
The extensive number of parameters involved in the performance of OFDM signals transmission in
direct-detection optical systems reverberates in design tradeoffs between transmitted signal power,
receiver sensitivity, robustness against fiber chromatic dispersion (CD) and overall system spectral
efficiency (SE) [7]-[10]. It has been shown in [7] that an optimum sensitivity depends on the electrical
signal mean power and the external Mach-Zehnder modulator (MZM) bias point. An optimum optical
modulation index (OMI) needs to be found in order to overcome both signal optical power (especially
the wasted carrier optical power) and nonlinear distortions [8]. It is well known that the overall SE of
DDO-OFDM systems is affected by the frequency guard band which is necessary to prevent the
signal-to-signal beat interference (SSBI) or subcarriers-to-subcarriers mixing interference (SSMI) [7],
[10]. Here also, a design tradeoff must reduce de band gap (and thus increases the SE) at the same
time that overcomes the unwanted interferences [7]-[9]. Moreover, a tradeoff between the total guard
interval denoted by cyclic prefix (CP) and a good tolerance to fiber CD at high receiving sensitivity
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must be taken into account [11], [12]. Hence, the usage of an optimization algorithm seems to be
reasonable in order to reach the best performance of those optical communication systems within a
wide range of setting parameters.
In this paper we highlight performance enhancement of DDO-OFDM systems in short-range links
with optimized parameters by mono-objective genetic algorithms (GA). We also report an
experimental transmission of an 3.56 Gb/s optimized double sideband OFDM signal over 40 km of
uncompensated fiber. The remainder of this paper is organized as follows. The DDO-OFDM system
modeling and the problem statement are presented in Section II. The Genetic algorithm and the
problem formulation used in the mono-objective optimization are presented in Section III. Simulation
and experimental results, as well as a new problem formulation that considers the overall system SE
are discussed in Section IV. Finally Section V presents the conclusions and final considerations.
II. DIRECT-DETECTION OPTICAL OFDM SYSTEM
The direct-detection optical OFDM communication system and the design tradeoffs related to the
extensive number of parameters involved in its performance are described in this section.
A. System Model
Fig. 1 shows a block diagram of the system model considered for OFDM signals transmissions in
short-range links. A binary data stream is converted from serial to parallel and after symbol mapping
the resulting complex signal vector composed by low bitrate streams are modulated onto orthogonal
subcarriers performed by an inverse fast Fourier transform (IFFT). Before parallel to serial conversion
a cyclic prefix (CP) is added to mitigate impairments caused by fiber dispersion. The complex
baseband OFDM signals are converted to analog signals using digital-to-analog converters (DACs)
and upconverted by RF carrier before driving a single drive optical modulator.
A conventional Mack-Zehnder modulator (MZM) is used to modulate the OFDM signals onto the
optical carrier provided by a continuous wave (CW) laser signal. The single side-band (SSB) signals
generated by an optical filter (OF) are then transmitted over amplified and dispersion-uncompensated
standard single-mode fiber (SSMF). After bandpass filtering, the optical intensity is direct-detected by
a single photodiode (PD). Before OFDM detection, the photodiode output is downconverted into the
baseband by a software-based IQ mixer and then digitized using analog-to-digital converters (ADCs).
Upon CP removal, the OFDM signal is demultiplexed by taking the fast Fourier transform (FFT).
Finally, the binary data is recovered by demapping the equalized signals. The phase and amplitude of
each subcarrier are corrected by the one-tap equalizer transfer function estimated using training
symbols. A perfectly synchronized system is assumed in the conducted simulations, for simplicity.
B. Problem Statement
It is known that the performance of such direct-detection optical systems depends on an extensive
number of parameters that involves the characteristics of OFDM signals itself, optical modulator bias
point, direct photodetection impairments, etc [7]-[12].
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Fig. 1 – Block diagram of the simulated DDO-OFDM system. S/P – serial-to-parallel, IFFT/FFT – inverse fast Fourier
transform/fast Fourier transform, CP – cyclic prefix, P/S – parallel-to-serial, Re – real part, Im – imaginary part, DAC/ADC
– digital-to-analog converter/analog-to-digital converter, LO – local oscillator, I – in-phase, Q – quadrature, CW –
continuous wave, MZM – Mach-Zehnder modulator, OF – optical filter, SSB – single side-band, SSMF – standard singlemode fiber, OA – optical amplifier, ASE – amplified spontaneous emission, PD – photodiode.

Theoretical and experimental studies presented at [7], [8] and [9] reveal design tradeoffs between
transmitted signal power, receiver sensitivity, robustness against CD and overall system SE. As
described in [7], neglecting cyclic prefix (back-back optical configuration), a single OFDM symbol of
a real DDO-OFDM signal sequence can be written as

s (t ) =

σ s2
N FFT

 N FFT

⋅  ∑ ℜ e [X k ] ⋅ cos(2πk∆ f t ) + ℑm [ X k ] ⋅ sin (2πk∆ f t ) ,
 k =1


(1)

where σ s2 is its mean power and X k represents the complex data symbols transmitted by

N FFT subcarriers spaced in frequency by ∆ f . According to [7], the optical field at output of a MZM
characterized by its switching voltage Vπ and biased by Vbias (see Figure 2) is a bandpass signal
centered at frequency f 0 given by

 π s (t ) + Vbias 
E MZM (t ) = cos 
 ⋅ 2 P cos(2πf 0 t ),
Vπ
2


(2)

for P the power of the CW laser signal fed into the MZM optical input.
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It is straightforward to notice from equations (1) and (2) that OFDM signal mean power and MZM
biasing point plays an important role in DDO-OFDM system performance. A close look at Fig. 2
reveals that biasing the MZM at its quadrature point means that the optical modulator is operating in
the region of maximum linearity. Although this results in an increasing in the range of root-meansquare amplitude (Vin )RMS of the electrical signal at MZM input, half of the optical power is wasted
by the optical carrier. Biasing the modulator just above its intensity null (for example Vbias = 0.8 ⋅ Vπ )
reduces the wasted carrier power and provides an optimum noise performance at the same time that
introduces higher order terms from the raised-cosine transfer function of the MZM [7]-[9].

Fig. 2. Power transfer function of a conventional Mach-Zehnder optical modulator.

We conduct Monte Carlo (MC) simulations of a 10 Gb/s DDO-OFDM system in a back-to-back
(B2B) condition to evaluate its performance against different MZM bias point and optical modulation
index OMI = (Vin )RMS Vπ . Simulations results depicted in Fig. 3 confirm the aforementioned
tradeoff. It is clear in Fig. 3a) that biasing the MZM in Vbias = 0.9 ⋅ Vπ enhance system performance
which is strongly dependent of the root-mean-square amplitude (and consequently the mean
power σ s2 ) of the OFDM signal. In addition, the inset scatterplot and the bit error rate (BER) versus
optical signal-to-noise ratio (OSNR) analysis shown in Fig. 3.b) for the best OMI value of each
considered bias point depicted in Fig 3.a), also corroborate with this appointment.
Alternatively, the optical signal given by (2) can be expressed as

EMZM (t ) = A + e

j 2π ( f 0 + BG )t

N FFT

⋅ ∑ X ke

( )

j 2π k∆ f t

,

(3)

k =1

where A is a constant representing the optical carrier and BG a guard band between the optical carrier
and the OFDM signal [10]. In B2B conditions, the photocurrent at the output of the photodiode is
received 25 Feb 2013; for review 24 Apr 2013; accepted 31 July 2013
Brazilian Microwave and Optoelectronics Society-SBMO
Brazilian Society of Electromagnetism-SBMag
© 2013 SBMO/SBMag
ISSN 2179-1074

Journal of Microwaves, Optoelectronics and Electromagnetic Applications, Vol. 12, No. SI-2, July 2013

117

-1
OSNR = 15 dB
4-QAM

log(BER)

-2

-3
Vbias = 0.5Vπ
Vbias = 0.7Vπ

-4

Vbias = 0.8Vπ

a)
-5

Vbias = 0.9Vπ
0.05

0.1

0.15

-1

OMI

0.2

0.25

0.3

10

b)

-2

BER

10

Vbias = 0.5Vπ (OMI = 0.175)

-3

10

Vbias = 0.7Vπ (OMI = 0.15)
Vbias = 0.8Vπ (OMI = 0.125) 2
Vbias = 0.9Vπ (OMI = 0.1)

-4

10

0
-2
-2

-5

0
2
10
11
12
13
14
15
OSNR [dB]
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computed by squaring E MZM (t ) resulting in

i pin (t ) ∝ EMZM (t )

2

 ∗ j 2π ( f0 + BG )t N FFT
j 2π (k∆ f )t 
=
A
+ 2ℜ e  A ⋅ e
⋅ ∑ X ke
 +
{
k =1

DC component
144444424444443
2

OFDM signal
N FFT N FFT

+

j 2π [( k −l ) ∆ f t ]
X l∗e
,
k =1 l =1
1444424444
3

∑∑X

k

(4)

SSBI or SSMI

where ∗ denotes a complex conjugate operation. Resulted from beating between OFDM subcarriers,
the low frequency intermodulation distortion IMD term that appears in (4) degrade the data-bearing
signal. The penalties of these impairments denominated in the literature by signal-to-signal beating
interferences (SSBI) or even by signal-to-signal mixing interferences (SSMI) can be minimized if a
sufficient guard band BG is allocated [9], [10]. Hence, a tradeoff between nonlinearity signal
degradation and system spectral efficiency should be taken into account. It is worth to notice that
a BG = BW is recommended in conventional DDO-OFDM systems.
received 25 Feb 2013; for review 24 Apr 2013; accepted 31 July 2013
Brazilian Microwave and Optoelectronics Society-SBMO
Brazilian Society of Electromagnetism-SBMag
© 2013 SBMO/SBMag
ISSN 2179-1074

Journal of Microwaves, Optoelectronics and Electromagnetic Applications, Vol. 12, No. SI-2, July 2013

118

Another tradeoff that exists in optical OFDM system is related to the cyclic prefix inserted at the

(

)

beginning of each transmitted signal. As redundant information denoted by ε g = T g Ts −T g for

Tg the guard time and Ts the total OFDM symbol time, it introduces overhead in the communication
system. Hence, a preferable short CP should minimize or even eliminate all the inter-symbol
interference (ISI) effects induced in the system and, furthermore compensate offsets in symbol
synchronization. A good estimate for this effective guard interval is

Tg ≥ D ⋅ BW ⋅

c
,
f 02

(5)

where D is the total amount of chromatic dispersion, c is the speed of light and f 0 the optical carrier
frequency [11], [12]. Obtained from (5), the contour maps shown in Fig. 4 allow a deeper exploration
and a better understanding of the CP tradeoff. 10 Gb/s DDO-OFDM system transmissions in a link of
2000 km of SSMF requires a guard time of approximately 0.65 ns for a total symbol time of 30 ns.
For 40 Gb/s this guard interval naturally increases to Tg ≈ 3.4 ns. This redundancy growth can be
avoided upon a reduction in the transmission distance to approximately 500 km in order to minimize
the effects of the total amount of CD.
Dispersion Tolerance (km of SSMF) of an Optical OFDM system at 10 Gb/s
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Fig. 4. Dispersion tolerance for 10 and 40 Gb/s DDO-OFDM systems for several km of SSMF. Contours maps generated for
16-QAM subcarrier mapping and dispersion coefficient D = 16 ps/nm/km .
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III. MONO-OBJECTIVE OPTIMIZATION FOR DDO-OFDM SYSTEMS
Mono-objective optimization means to optimize a well-defined target in detriment of other possible
goals subject to well-known constraints. Proposed by John Holland in 1975, genetic algorithms (GA)
are general purpose search algorithms used to optimize solutions of formulated problems [13]. The
basic idea is to maintain candidate solutions of a specific problem generated under any well
established criterion from a search space solution normally called population of chromosomes, using
selection, crossover and mutation as genetic operators [13]-[15]. In this section, an initial formulation
and the genetic algorithm used to optimize the DDO-OFDM parameters are presented.
A. Problem Formulation
For performance optimization of the simulated DDO-OFDM system, the problem formulation
implies in minimizing the optical signal-to-noise ratio (OSNR) at a bit error rate BER = 10-3, subject
to a set of electrical and optical parameters constraints. Therefore, this formulation can be expressed
as shown in Table 1, where σs is the standard deviation of the generated electrical OFDM signal, Vbias
is the MZM modulator bias point, BG is the optical guard band, GI is proportional to the CP, nsamp is
the oversampling factor, Vπ is the MZM switching voltage, BW the sideband signal bandwidth
(excluding BG) and X is an integer such that X min ≤ X ≤ X max .
Table 1 – The problem formulation.

Min. OSNR @ BER = 10-3 Subject to

0.01 × Vπ ≤ σ S ≤ 0.25 × Vπ
0.5 × Vπ ≤ Vbias ≤ Vπ
0.1 × BW ≤ BG ≤ BW

(2 )

X max −1

( )

≤ GI = 2 X

−1

(

≤ 2 X min

)

−1

1 ≤ nsamp ≤ 6
Vπ = 5V, X max = 10, X min = 2
B. The Genetic Algorithm
In this paper we used a real-coded GA with a process that starts from a population PF generated in a
random order by N = 30 possible solutions for σs, Vbias, BG, GI, and nsamp as shown in Fig. 5. Each
chromosome has an associated fitness that evaluates the quality of each population solution and can
be expressed as

Fit (i ) =

100
,
OSNR if BER ≤ 10 U 1000 if BER > 10−3

[(

−3

) (

)]

(6)

where the quantity 100 is related to a fitness maximization of the proposed GA and the quantity 1000
is a penalty designed when the MC simulations does not converge.
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Then, a new population PS of chromosomes with improved genetic proprieties is produced using
genetic operators such as selection, crossover and mutation. Based on a competition procedure, a
deterministic tournament selection process selects the N chromosome with best fitness to compose the
new population. In each selection it chooses at random a number of 4 chromosomes and selects the
one that carries the best fitness [13].

Fig. 5 – Block diagram of the implemented genetic algorithm evolution process.

Crossover operators are applied in a random way in which a random number is chosen. A crossover
between a pair of chromosomes occurs if the random number is lower than an elected crossover rate
equals to 0.95. The crossover operator is a sharing method that combines features of two parent
chromosomes to form two offspring that may have better genetic proprieties. Blend crossover (BLX-

α) method is used to create the zi offspring chromosome component expressed by

zi = xi -α( yi − xi ) + (1 + 2α ) ⋅ ( yi − xi ) ⋅ u(0,1),

(7)

where xi and yi represents the ith components of x and y parents chromosomes respectively, α = 0.4 is
a coefficient that defines the offspring limits and u (0,1) indicates a random drawn uniformly in the
interval (0,1) [13]. The mutation operator consists in addition of a zero mean random noise N (0,1) at
each pi component of a chromosome according to

pi = pi + σ i ⋅ N (0,1),

(8)

where σi is variance of the ith component of a chromosome. A component mutation occurs if a
generated random number is lower than a mutation rate equals to 0.05 [15].
As depicted in Fig. 5, an elitism procedure is used in order to preserve the best solutions founded. A
matrix R = PF U PS sorted according to the descending order of fitness is generated after fitness
evaluation of population PS. Population PF + 1 is composed by the first N = 30 best solutions of R.
Table 2 illustrates the pseudo-code of the implemented genetic algorithm.
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Table 2 – The GA pseudo-code.

1:
2:
3:
4:
5:
6:
7:
8:
9:
10:
11:
12:
13:
14:

Genetic Algorithm for DDO-OFDM Systems
start iter, N;
random generation of PF(iter);
calculate fitness of all chromosomes ∈ PF(iter);
while iter < 50 do
tournament selection of PS from PF;
apply crossover BLX-α in PS;
apply Gaussian mutation in PS;
check PS gens limits;
calculate fitness of all chromosomes ∈ PS(iter);
generate R (iter) = PF U PS ;
descending sort of R(iter);
PF(iter+1) = first N solutions of R(iter);
end while
best solution = first solution of PF(iter+1):

IV. RESULTS AND DISCUSSION
This section examines the performance enhancement of DDO-OFDM systems in short-range links
with optimized parameters by the proposed mono-objective genetic algorithm. Simulation results and
experimental transmission of an optimized 3.56 Gb/s optical communication system in B2B
conditions and through 20 and 40 km of uncompensated SSMF are discussed. A problem formulation
that considers the SE maximization is also reported.
A. Simulation Results
In order to optimize the critical parameters we conduct Monte Carlo simulations of a DDO-OFDM
system transmission in optical B2B configuration and through 20 and 40 km of SSMF. The relevant
OFDM parameters used in all conducted simulations are summarized in Table 3. Table 4 depicts the
parameters optimized by the proposed genetic algorithm.
Table 3

Table 4 – Simulation results of optimized DDO-OFDM system.

OFDM parameters

4-QAM

8-QAM

16-QAM

Parameter

Value

Param.

B2B

20km

40km

B2B

20km

40km

B2B

20km

40km

Bit rate (Gb/s)

3.56

σS

0.13

0.14

0.11

0.09

0.08

0.06

0.08

0.08

0.08

BW (GHz)

1.0

Vbias

4.30

4.30

4.50

4.56

4.57

4.72

4.60

4.60

4.58

FFT size

1024

BG

0.79

0.87

0.91

0.82

0.85

0.81

0.85

0.80

0.87

Subcarr.

512

nsamp

3.30

3.10

3.60

3.80

3.16

3.21

3.13

3.24

3.09

Sub. Spac. (MHz)

1.95

OSNR (dB)

5.10

5.20

5.10

9.5

9.4

9.2

11.1

11.3

11.2

The results depicted in Table 4 show that DDO-OFDM system performance increase when the
critical parameters are optimized. 11.3 dB of OSNR @ BER = 10-3 was achieved for transmissions in
20 km of SSMF with a reduction of 20% (BG = 0.8 ⋅ BW ) in the guard band. As expected, the OFDM
signal mean power reduces when subcarrier modulation level increases. It is obvious from Table 4,
that Vbias around 0.9Vπ seems to be a good choice for MZM bias point.
received 25 Feb 2013; for review 24 Apr 2013; accepted 31 July 2013
Brazilian Microwave and Optoelectronics Society-SBMO
Brazilian Society of Electromagnetism-SBMag
© 2013 SBMO/SBMag
ISSN 2179-1074

Journal of Microwaves, Optoelectronics and Electromagnetic Applications, Vol. 12, No. SI-2, July 2013

122

B. Experimental Results
Fig. 6 shows the experimental setup used as a proof-of-concept that serves to substantiate the
suitability of the proposed optimization algorithm. The electrical OFDM signals parameterized as
shown in Table 3 was performed offline using MATLAB. The signals are generated by a Tektronix
AWG7122 arbitrary waveform generator after digital upconversion. After low-pass filtering they are
sent to the MZM modulator that modulates the continuous wave laser source centered at 1550 nm.
The B2B, 20 and 40 km SSMF propagated double sideband OFDM signals are direct-detected by a
single photodiode. The photocurrent is then sampled and recorded by a real-time Tektronix DPO 100
GS/s oscilloscope and processed offline. Conventional OFDM demultiplexing is performed thereafter.
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Fig. 6. Experimental setup of the 3.56 Gb/s DDO-OFDM system.

The power spectral density and the received constellation for B2B with a measured error vector
magnitude EVM ≈ -14.9, shown in Fig. 6, confirms the suitability of parameter optimization through
the designed genetic algorithm. Fig. 7 shows that the achieved EVM for DDO-OFDM transmissions
through 20 and 40 Km of uncompensated SSMF was approximately -15.5 and -17.2 dB respectively.
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It is worth to notice the difference in the optical guard band of the received OFDM spectrum shown
in Fig. 7, which is a natural consequence of the optimization process, as designed by the optimized
parameters depicted in Table 4 for 4-QAM subcarrier modulation used in all conducted experiments.
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Fig. 7. PSD an symbols constellations for DDO-OFDM experimental transmissions through 20 and 40 km of uncompensated
SSMF, 4-QAM subcarrier modulation and optimized σs,Vbias, BG, GI, and nsamp.

C. Adding Spectral Efficiency in the Problem Formulation
Peng et al. proposed in [9] a virtual single-side-band OFDM (VSSB-OFDM) optical
communication system with tunable frequency gab to reduce the aforementioned guard band.
Designed for long-haul fiber links, its spectral efficiency ( BG ≈ 0.35 ⋅ BW was achieved) is associated
with an increasing in the receiver complexity needed to mitigate the SSBI in the desired signal.
It is straightforward to notice from Fig. 7 that the band gap reduction obtained from system
optimization through the GA applied to the first formulation is at most equals to 20%. A new problem
formulation that considers the spectral efficiency is addressed in this section in order to increases the
overall system SE. Therefore, a BG BW term is added in the new objective function that furthermore
facilitates the selection process when close solutions are obtained. This means that in case of two
close generated solutions (similar OSNR @ BER=10-3), the genetic algorithm will choice the
chromosome with smallest BG BW . The new formulation as well as it’s associated fitness are detailed
in Table 5.
The results depicted in Table 6 show that this new method ensures a maximum additional increases
around 18% in the overall SE, which occurs at DDO-OFDM transmissions in B2B conditions for 4QAM subcarrier mapping. We notice that in almost all conducted simulations with this new
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formulation, the achieved OSNR @ BER=10-3 is the same registered in the simulation results of the
initial formulation. Here also, as expected, the OFDM signal mean power decreases when subcarrier
modulation level increases and Vbias around 0.9Vπ is a good bias point for MZM modulator.
Table 5 – The new problem formulation and its associated fitness.

Min. [OSNR @ BER = 10-3 + (BG/BW)] Subject to

0.01× Vπ ≤ σ S ≤ 0.25 × Vπ
0.5 × Vπ ≤ Vbias ≤ Vπ
0.1× BW ≤ BG ≤ BW

(2 )

X max −1

( ) ≤ (2 )

≤ GI = 2 X

X min −1

−1

1 ≤ nsamp ≤ 6
Vπ = 5V, X max = 10, X min = 2
Associated Fitness
Fit (i ) =

100

B
 OSNR +  G

 BW



if BER ≤ 10 −3  U 1000 if BER > 10 −3




(



)


We also notice that the parameter GI which is proportional to the cyclic prefix is not described in
Tables 4 and 6 because of its negligible values obtained in the optimization. This can be explained by
the B2B and small link lengths transmission conditions.
Table 6 – Simulation results of optimized DDO-OFDM system for the new problem formulation.

4-QAM

8-QAM

16-QAM

Param.

B2B

20km

40km

B2B

20km

40km

B2B

20km

40km

σS

0.13

0.12

0.13

0.06

0.07

0.07

0.09

0.10

0.07

Vbias

4.30

4.34

4.25

4.72

4.61

4.63

4.60

4.53

4.60

BG

0.66

0.69

0.80

0.75

0.80

0.78

0.74

0.74

0.77

nsamp

3.55

3.48

3.25

3.34

3.28

3.93

3.35

3.36

3.31

OSNR (dB)

5.20

5.10

5.10

9.3

9.4

9.5

11.1

11.4

11.2

A fair comparison between a previous intensity-modulated optical OFDM system (hereinafter
denominated conventional DDO-OFDM, for OMI = σ S2 = 0.1 , Vbias = 0.9 ⋅ Vπ and nsamp = 4 ) and a
DDO-OFDM system with crucial parameters optimized by the proposed GA in the last problem
formulation is shown in Fig. 8. As expected, the frequency band gap can be reduced at most 50%
( BG = 0.5 × BW ) of the effective signal bandwidth in conventional optical OFDM systems in 4-QAM
subcarrier mapping and B2B configuration, with an OSNR penalty of approximately 2 dB when
compared with the 20% reduction at the same system conjuncture. The MC simulation model does not
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converge for BG > 0.5 × BW . An additional reduction of 20% is provided by the proposed optimization
at the same system performance (OSNR @ BER = 10-3 equals to 5.2 dB). This additional gain in SE
also occurs in OFDM signals transmissions composed by 4-QAM subcarriers mapped in 20 km of
fiber length at the same system performance. In the B2B, the worst case occurs at 40 km link length
where the performance and overall system SE are exactly the same.
14
12

4-QAM (conventional)
8-QAM (conventional)
16-QAM (conventional)
4-QAM (optimized)

10

8-QAM (optimized)
16-QAM (optimized)

B2B

8
6

OSNR in dB @ BER = 10-3

4
0.5
14

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

0.7

0.75

0.8

0.85

0.9

0.95

1

0.75

0.8

0.85

0.9

0.95

1

12

20 km of SSMF
10
8
6
4
0.5
14

0.55

0.6

0.65

12

40 km of SSMF
10
8
6
4
0.5

0.55

0.6

0.65

0.7

BG /BW

Fig.8. OSNR @ BER = 10-3 versus frequency band gap for conventional and optimized DDO-OFDM systems for
transmissions in B2B, 20 and 40 km of SSMF using 4, 8 and 16-QAM in subcarrier mapping.

As shown in Fig. 8, the MC simulation convergence allows a maximum BG reduction of 20% for
both 8 and 16-QAM mapping, at B2B, 20 and 40 km of SSMF. In these cases the maximum
additional spectral gain provided by the optimization reaches 8% at a gain of 0.5 dB in the system
performance (OSNR @ BER = 10-3 equals to 11.1 dB for 16-QAM mapping and B2B). Here the
optimization worst case occurs at 8-QAM subcarrier mapping and transmission through 20 km in
which the SE is exactly the same registered in conventional systems, besides an optimization gain of
0.3 dB in the OSNR.
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V. CONCLUSIONS
The usage of genetic algorithm in parameters optimization of direct-detection optical OFDM
systems has been proposed. Experimental transmission of an 3.56 Gb/s double sideband OFDM signal
over 40 km uncompensated fiber, with optimized parameters by a GA in an initial problem
formulation, suggest the appliance of the mono-objective genetic algorithm in order to increase the
system performance. Simulation results of a DDO-OFDM optical communication system with
parameters optimized by the same genetic algorithm applied to a new fitness that considers both
performance and spectral efficiency, shows that the frequency gab typically reserved in previous
intensity-modulated optical OFDM system can be reduced. The overall system SE increases in
conducted simulations that consider 4, 8 and 16-QAM subcarrier mapping in B2B configuration and
through 20 and 40 km of SSMF. Compared with conventional DDO-OFDM, the optimized system
has demonstrated a bandwidth economy between 20 and 33% with slight gains in OSNR.
In addition, the formulated problem suggests the appliance of a multi-objective algorithm in future
development of high speed optical DDO-OFDM in both short and long-haul links. Instabilities in the
proposed optimization model related to parameters variations such as MZM bias voltage, optical
carrier-to-signal power ratio (CSPR) and OFDM signal peak-to-average power ratio (PAPR) are
relegated to future work. Particle swarm, ant colony and variable neighborhood search are examples
of metaheuristic that can be applied in the formulation to further improve the aforementioned
drawbacks.
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