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A direct detection optical orthogonal frequency division multiplexing (DDO-OFDM) system using turbo codes is built,

and the transmission performance comparison between coded system and uncoded system is analyzed. Three decoding

algorithms, which are Log-maximum a posteriori (MAP), Max-Log-MAP and threshold Max-Log-MAP, are used in

the turbo coded system. By comparing three decoding algorithms, the system using Max-Log-MAP algorithm has the

best bit error rate (BER) performance. At the transmission distance of 240 km, the uncoded system with transmission
rate of 30 Gbit/s can get the BER performance at the degree of 8.93 X 10 with optical signal to noise ratio (OSNR) of
24 dB, while the turbo coded system with transmission rate of 50 Gbit/s can achieve it within OSNR of 20 dB.
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For the transmission system with data rate of 100 Gbit/s
or even higher, the signal quality is significantly de-
graded due to the impact of polarization mode dispersion
(PMD) and intra-channel nonlinear effects. Currently, the
main approaches to high-speed long-haul optical trans-
mission systems include accurate chromatic dispersion
(CD) compensation and PMD compensation'"!, advanced
modulation formats and channel coding. After channel
coding, the orthogonal frequency division multiplexing
(OFDM) system can not only work in higher bit error
rate (BER) channel, but also decrease the sensitivity re-
quirement of devices. Meanwhile, the tolerance sensitiv-
ity to CD, nonlinear effects and optical signal to noise
ratio (OSNR) will be improved. Consequently, the chan-
nel coding is very beneficial to high-speed long-dual
transmission system.

The performance of turbo code is infinitely close to
the Shannon limit. It is believed that turbo code has
played an important role in communication systems.
Since turbo code was first proposed in 1993 the re-
search of turbo code has become a hot point, which
mainly focuses on coding formats, interleaving formats,
decoding algorithms, and so on"!. Turbo code has been
widely used in satellite communication, wireless mobile
communication and multimedia communication'". Lee S.
H. et al® proposed a turbo code-based error correction
scheme in visible light communication systems. Xie Wei
et al” built an optical OFDM multimode fiber commu-
nication system with turbo codes, convolutional codes

and concatenated codes by Simulink, and proved that
turbo codes got a lower BER. Zizheng Cao et al'’! pro-
posed that the receiver sensitivity would be improved as
far as 5 dB by using turbo code and bit interleaver tech-
nologies in a 60 GHz OFDM radio-over-fiber (ROF)
system.

In this paper, a direct detection optical (DDO) OFDM
system using turbo code over single mode fiber is pre-
sented, and then three decoding algorithms are employed
in this system, respectively. From the simulation soft-
ware, the performances of the systems using three de-
coding algorithms are analyzed in three aspects, which
are transmission distance, transmission rate and the
number of iterations.

Fig.1 shows the block diagram of the DDO-OFDM
system. Compared with the uncoded system, two parts of
turbo encoder and turbo decoder are employed in the
coded system. The input source data are firstly encoded
by turbo encoder, and then the serial sequence is con-
verted to parallel sequence (S/P). The data are mapped to
complex signal, through inverse fast Fourier transform
(IFFT) and adding cyclic prefix (CP) to become base-
band OFDM signal. Next, it passes through the digital to
analog converter (DAC) and is uploaded to middle fre-
quency to complete the radio frequency (RF) modulation.
The RF signal passes through Mach-Zehnder modulator
(MZM) to produce optical OFDM signal, and then
propagates in optical fiber link. The received signal is
transmitted through the optical filter to filter out the
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noise out of band, the optical signal is transformed to
electrical signal by photodetector (PD), then the electri-
cal signal is downloaded to baseband, and after a series
of signal processing, the received information bits are
delivered to the turbo decoder. In this part, three algo-
rithms of Log-maximum a posteriori (MAP), Max-Log-
MAP and threshold Max-Log-MAP®®! are employed to
decode the received information.

— — S ¢ VY S—
- X, $
g g =N Xt gin Laser ¥
£ o s | > ©
g o =1 I -9 E -3
G Ail=Fm12]| re [MZM)
El g Sl S 3
5| & R M s3]
L T T Fiber
YN

PR — — Jor— Vo AmpN\Y/
= - 2 i
) £ Z I i Pexsiren]
2 S Eli|g sin Tilici
2 IR R B S
a g [ I ) P41 le— F
& 2 el s |2 N

\t iG]

Fig.1 Block diagram of DDO-OFDM system

As a proposed standard for long-haul optical commu-
nication“o], the DDO-OFDM system is combined with
multi-carrier modulation technology, digital signal proc-
essing (DSP) technology and optical detection technol-
ogy. The OFDM baseband signal is generated by Matlab,
and the optical transmission system is simulated by Op-
tiSystem. In OptiSystem, the signal is up-converted to
middle frequency to be uploaded to optical domain for
transmission. At the receiver, PD is employed to com-
plete the optical-to-electronic conversion, and then the sig-
nal is processed by Matlab to recover the original signal.

Tab.1 gives the parameters assumed in the simulation.
Two simulation softwares of Matlab and Optisystem are
used in the system.

Tab.1 Parameters assumed in the simulation

Parameter Value
Sub-carrier 128
Number of OFDM symbols 200
Format of digital mapping QPSK
Format of code Turbo code
Code rate 0.5
Bit rate 50 Gbit/s, 30 Gbit/s
Sequence length 65536

Interleaving format Random interleaving
Log-MAP, Max-Log-MAP,

Decoding algorithm
threshold Max-Log-MAP

Number of FFTs 128
Length of cyclic prefix 32
CD coefficient of fiber 16.75 ps/(nm-km)
Differential group delay 0.2 ps/km
Dark current of PD 10 nA
Gain of optical amplifier 16 dB
Noise figure 3.2dB
Attenuation coefficient of
0.2 dB/km

fiber
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From the simulation, the relationship between OSNR
and BER is obtained, and the performance of DDO-
OFDM system using turbo code is analyzed for different
decoding algorithms, different transmission rates, differ-
ent transmission distances and different iterations.

The simulation parameters are given as follows: the
transmission rate is 50 Gbit/s, the transmission distance
is 3x80 km, and the interleaving length is 25 597. The
BER curves of the systems using three different decod-
ing algorithms are shown in Fig.2. At the OSNR of 24
dB, compared with the uncoded system, the BER per-
formance can be improved from the degree of 10" to the
degree of 107 for the turbo coded system using Max-Log-
MAP decoding algorithm, and to the degree of 4.38x10~ for
the turbo coded system using Log-MAP decoding algorithm.
At the OSNR of 27 dB, the BER is 3.91x10 for the turbo
coded system using Max-Log-MAP decoding algorithm.
The BER performance of the turbo coded system using
threshold Max-Log-MAP decoding algorithm is not im-
proved compared with that of the uncoded system.
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Fig.2 BER performance comparison of DDO-OFDM
systems using different decoding algorithms

The BER performances of DDO-OFDM systems with
different transmission rates of 30 Gbit/s and 50 Gbit/s are
analyzed, and the simulation results are shown in Fig.3.
From the simulation results, we can see that at the trans-
mission distance of 240 km, the turbo coded system with
Max-Log-MAP decoding algorithm can get the best per-
formance at different rates. Comparing the uncoded sys-
tem at transmission rate of 30 Gbit/s with the turbo
coded system employing Max-Log-MAP decoding algo-
rithm at transmission rate of 50 Gbit/s, we can come to a
conclusion that at OSNR of 24 dB, the BER performance
can be improved from the degree of 10" to 107, and
when OSNR is 26 dB, the BER of uncoded system is
5.8§x10'3, while that of the turbo coded system is 3.13x
10™.

With the transmission rate of 50 Gbit/s, the OSNR of
24 dB and the interleaving length of 25597, the rela-
tionship between transmission distance and BER is
shown in Fig.4 for the system with the decoding algo-
rithms of Log-MAP and Max-Log-MAP. Fig.4 shows
that with the increase of transmission distance, the BER
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performance gets worse rapidly. At the BER of 2.73x107,
compared with uncoded system, the transmission dis-
tance of turbo coded system can be increased by 220 km.
When the transmission distance is less than 320 km, the
BER performance can be greatly improved by turbo
coding. If the transmission distance exceeds 320 km, the
influence of turbo coding is very little. The system em-
ploying Max-Log-MAP algorithm gets better perform-
ance than that employing Log-MAP algorithm with
transmission distance of 450 km.
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Fig.3 BER performance comparison of DDO-OFDM
systems with different transmission rates
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Fig.4 The relationship between BER and transmission
distance for uncoded and coded systems

When the transmission rate is 50 Gbit/s, the transmis-
sion distance is 240 km, and the interleaving length is
25 597, BER curves of systems with different iterations
are shown in Fig.5. From Fig.5, we can see that the BER
performance gets better with increasing the number of
iterations. When the OSNR is greater than 18 dB, the
system employing Log-MAP decoding algorithm with 4
iterations can achieve error-free transmission. The BER
performance of system using Max-Log-MAP decoding
algorithm with 4 iterations is better than that using
Log-MAP decoding algorithm with only one iteration.
However, the BER performance of system using thresh-
old Max-Log-MAP decoding algorithm is not improved
by increasing the number of iterations.
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Fig.5 BER performance comparison of turbo coded
systems with different iterations

The results show that the turbo coded DDO-OFDM
system can avoid the inter symbol interference (ISI)
caused by CD and PMD effectively, and the system us-
ing Max-Log-MAP decoding algorithm can obtain the
best BER performance. When OSNR is 24 dB at 50
Gbit/s with BER of 2.73x10'3, the transmission distance
of DDO-OFDM system using turbo code can be in-
creased by 220 km compared with that of the uncoded
DDO-OFDM system. At the transmission distance of
240 km, the turbo coded system at transmission rate of
50 Gbit/s can obtain extra 10 dB gain compared with the
uncoded system at transmission rate of 30 Gbit/s at the
BER of 3.14x10™.
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