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Abstract 
In a typical intensity-modulated direct-detection optical system, the information is carried on the 
intensity of the optical signal, and therefore can only be positive. Existing synchronization me-
thods for RF-based OFDM system cannot be used directly in asymmetrically clipped DC biased 
optical of DM (ADO-OFDM) system. In order to solve the above problem, according to the characte-
ristics of ADO-OFDM signal, the modified training symbol is presented. The simulation results 
show that the modified synchronization method gives good performance. 
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1. Introduction 
In recent years, interest in optical wireless communication as a promising complementary technology for radio 
frequency in short-rang communications has gained new momentum. Optical wireless communication offers at-
tractive features, distinct from those of radio transmission, such as low cost, low power consumption, high secu-
rity, high data rate, and so on. Besides, along with the continuing development of technology, optical wireless 
communication has been shown to be a good wireless interconnect technology for high capacity communication 
networks in the first and last mile. However, a large number of scatter exist in optical wireless communication 
link, and it will generate multiple scattering on the transmitted beam. The multiple scattering will make the re-
ceived signal contain direct signal and multipath scattering signal. It is very easy to cause the receiver to gener-
ate serious inter-symbol interference. The quality of optical wireless communication is severely influenced. Re-
cently, ACO-OFDM [1] has emerged as an effective solution to deal with the inter-symbol interference caused 
by multipath transmission. At low data rate, ACO-OFDM is more efficient in terms of optical power but it suf-
fers from spectral inefficiency. In order to improve spectral efficiencies, a new technique called ADO-OFDM 
was proposed in [2]. This technique consists of transmitting simultaneously ACO-OFDM on the odd subcarriers 
and DCO-OFDM on the even subcarriers. However, one of the prominent problems of ADO-OFDM is timing 
synchronization, it restricts the system performance. Therefore, the new synchronization method will be studied 
to reduce the ADO-OFDM system timing synchronization error. 
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2. System Model 
Figure 1 shows the block diagram of the transmitter part of the ADO-OFDM system [2] [3]. The input data will 
be mapped to a complex vector [ ]0 1 2 1N NX X X X X− −=  . In the optical intensity- modulated direct-detection 
system, the baseband signals must be a real signal, not a complex signal. To obtain such a signal, the complex 
vector X is constrained to have Hermitian symmetry. X is divided into odd and even components, oddX  and 

evenX . oddX  and evenX  are input to separate IFFT blocks to produce oddx  and evenx  respectively. The signal 
oddx  at the IFFT output in the ACO-OFDM generation block is clipped at zero to produce ACO-OFDM signal,  
ACOx . At the output of the IFFT block in the DCO-OFDM signal generation, a DC bias is added to the signal

evenx  and any remaining negative peaks are clipped to give DCO-OFDM signal, DCOx . Signal ACOx  and 

DCOx  are added together to give the signal 'x . 
Figure 2 shows the receiver part of the ADO-OFDM system. There is a separate path to demodulate the 

ACO-OFDM symbols and another path to demodulate the DCO-OFDM symbols. The ACO-OFDM demodula-
tion block is the same as that of the conventional ACO-OFDM receiver. However, to recover the symbols 
transmitted on the even subcarriers, an estimate of the ACO-OFDM signal is first generated. This is achieved by 
taking the odd subcarriers from Y to obtain oddY . An estimate of the ACO-OFDM signal is calculated from 

oddy  and subtracted from y to recover the DCO-OFDM component. 
 

 
Figure 1. The transmitter of ADO-OFDM system. 

 

 
Figure 2. The receiver of ADO-OFDM system. 
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3. Timing Synchronization Methods  
3.1. Schmidl’s Method 
Schmidl’s method [4] uses a symbol which consists of a repeated time domain sequence with the form [ ]/2 /2N NA A  
where /2NA  represents a sequence of length / 2N . The Schmidl’s timing estimator finds the starting point of 
the symbol at the maximum point of the timing metric. The Schmidl’s timing metric is given by  
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The timing metric has a plateau which leads to some uncertainty as to the start of OFDM symbol. The mean- 
square error of the Schmidl’s estimator is quite large. 

3.2. Park’s Method 

To reduce the uncertainty due to timing metric plateau and improve the timing offset eatimation, Park [5] pro-
posed a time domain training symbol with the format * *

/4 /4 /4 /4   N N N NB C B C   , where /4NB  represents PN se-
quence of length / 4N , and *

/4NB  represents a conjugate of /4NB . To get impulse-shaped timing metric, 
/4NC is designed to be the mirror image of /4NB . To make use of the property that /4NC  is symmetric with 
/4NB , a new timing metric can be written as 

2

2

( )
( )

( ( ))
Park

Park
Park

P d
M d

R d
=                                     (3) 

where 
/2 1

0
/2 1 2

0

( ) ( ) ( )

( ) ( )

N

Park
k
N

Park
k

P d r d k r d k

R d r d k

−

=

−

=

= − +

= +

∑

∑
                                (4) 

3.3. The Modified Timing Synchronization Method 

Because ADO-OFDM modulates the intensity of the light source, the signals must be real and positive. So time 
domain training sequences is constituted by real signals. Based on the above reason, a new training symbol is 
proposed in this paper. The time domain training symbol is defined as below: 

/4 /4 /4 /4
mirror mirror

new N N N Nx D E E D =                                   (5) 

where /4ND  and /4NE  are a sequence of real values, /4
mirror
ND  is the mirror image of /4ND  and /4

mirror
NE  is the 

mirror image of /4NE .The timing metric function is given by 
2

2

( )
( )

( ( ))
P d

M d
R d

=                                 (6) 

where 
/2 1

0
/2 1 2

0

( ) ( ) ( 1)

( ) ( 1)

N

k
N

k

P d r d k r d k

R d r d k

−

=

−

=

= − + +

= + +

∑

∑
                                 (7) 



Y. Wang 
 

 
17 

4. Simulation Results and Analysis 
Schmidl and Park timing synchronization methods are all used in the RF-based OFDM system, and the training 
symbols is required to be bipolar and complex. Therefore, these methods cannot directly be applied to 
ADO-OFDM system. The data form of training symbols must be changed in order to apply the timing synchro-
nization methods to optical wireless communication system. Figure 3 and Figure 4 shows the average timing 
metric of the adapted methods applied to ADO-OFDM system. Simulation parameters: 128N =  subcarriers, a 
QPSK constellation on each of the available subcarriers, cyclic prefix length of / 8N , and 1000 random train-
ing symbols. 

The timing metric curve still remains the plateau when the adapted Schmidl timing synchronization method is 
used. The adapted Park timing synchronization method has two extra peaks at / 4N±  because the training 
symbols are symmetry about the points. Therefore, it can be seen clearly that the adapted Schmidl and Park tim-
ing synchronization methods are not ideal for ADO-OFDM system. Figure 5 shows the average timing metrics 
of the modified timing synchronization method applied to ADO-OFDM system. Comparing with the adapted 
Park method, new timing synchronization method can effectively eliminates the two extra peaks at / 4N± . 
From the results of simulations, it is obvious that the performance of the modified timing synchronization me-
thod is better than other methods. 

 

 
Figure 3. The Schmidl’s timing metric in ADO-OFDM system. 

 

 
Figure 4. The Park’s timing metric in ADO-OFDM system. 
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Figure 5. The modified timing synchronization metric in ADO-OFDM system. 

5. Conclusion 
The conventional timing synchronization methods for RF-based OFDM system are studied. The timing syn-
chronization methods are adapted and applied to ADO-OFDM system. The analysis shows that these methods 
do not perform well in ADO-OFDM system. Therefore, a modified training symbol is proposed in this paper. 
The simulation results show the modified timing synchronization method can obtain higher timing accuracy. 
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