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Abstract— Improvement in bit error rate performance of 

asymmetrically-clipped optical orthogonal frequency-division 

multiplexing (ACO-OFDM) is achieved through proposed 

modification by using unipolar encoding. This modification 

eliminates the 3 dB difference between ACO-OFDM 

performance and bipolar OFDM. 
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I.  INTRODUCTION 

In spite of the widespread use of Orthogonal Frequency 

Division Multiplexing (OFDM) in wireless communications, it 

has only recently been proposed for use in optical 

communications [1] principally gated by developments in 

digital signal processing which have enabled the effective 

management of optical fiber transmission impairments such as 

dispersion [1]. Since intensity modulation and direct detection 

implementations represent the predominant deployments and 

due to the fact that the OFDM signal is complex, several 

techniques have been used to convert an OFDM signal into a 

real, positive domain that then lends itself to direct modulation 

of the optical source. In order to make the signal truly positive, 

a number of techniques have been proposed. DC-biased 

optical OFDM (DCO-OFDM) [2]-[5], asymmetrically-clipped 

optical OFDM (ACO-OFDM) [2]-[5], and unipolar OFDM 

(U-OFDM) [5]. In all, Hermitian symmetry is employed such 

that the output of the IFFT block is real but here a 

modification to ACO-OFDM is adopted to yield unipolar time 

encoding instead of zero clipping. Each sample is expressed as 

a new pair of samples, decreasing the effect of noise on 

system performance. 

II. SYSTEM MODEL 

The input bits at the transmitter are first mapped to complex 

M-QAM symbols A(l). These symbols are then input to the 

IFFT block, the output being complex and bipolar. However 

as the implementation is founded on intensity modulation, the 

time domain signal has to be real and positive; the ACO-

OFDM technique is employed to achieve this [3]-[5]. For an 

IFFT/FFT of size N, the OFDM frame has N subcarriers, so 

the signal is defined by Aframe(m), m=0,1,2,3,…,N-1.  In the 

case of ACO-OFDM, data is only mapped on the odd sub-

carriers, the even subcarriers being set to zero. Thus only 

4/N symbols of A(l),l=0,1,2,3,…,N/4-1 are mapped onto half 

of the odd subcarriers, Aframe(m), m=1,3,5,…,N/2-1. Hermitian 

symmetry with Am=A
*
N-m and A0=AN/2=0 [2]-[5] is then 

imposed on the other half of the sub-carriers to ensure that the 

output of the IFFT is real. The ACO-OFDM signal is then 

passed through the IFFT block, the output time domain signal 

of the IFFT, x(n) being real but bipolar. This time domain 

signal is anti-symmetric around the element N/2 (Fig. 1) [4]. 

In conventional ACO-OFDM, the bipolar real time domain 

signal x(n) is clipped at the zero level to ensure that the signal 

is positive; in the proposed system, the unipolar encoding 

technique suggested by Dobroslav et. al. [5] is used. The 

unipolar encoding represents each sample of the bipolar time 

domain signal by a pair of new time samples. If the time 

sample is positive then the first sample of the new pair is set 

with its amplitude, and the second sample of the new pair is 

set to zero. If the original time domain sample is negative, 

then the first sample of the new pair is set to zero and the 

second sample of the new pair is set with its positive 

amplitude (Fig. 2). The optical source is intensity modulated 

by the modified ACO-OFDM signal xmodified_ACO(n) and 

transmitted through the optical channel subject to AWGN. 
 

 

 

 

 

 

 

    

III. SIMULATION RESULTS 

Fig. 3 compares the BER performance of the proposed 
modified ACO-OFDM and conventional ACO-OFDM.  

Fig.1. A real OFDM time domain. signal. 



Fig.2. Modified ACO-OFDM signal. 

The analysis shows that the performance has improved by 
nearly 4dB.  Fig. 4 compares the performance to that of bipolar 
OFDM and that the analysis indicates that the modification has 
bridged the 3dB gap between conventional ACO-OFDM and 
bipolar OFDM. Fig. 5 shows a comparison between the 
normalized bandwidth of conventional ACO-OFDM and 
modified ACO-OFDM for the case of 4, 16, 64, and 256 QAM 
with respect to the Eb(opt.)/No, where Eb(opt.)/No= Eb(elec.)/πNo, 
Eb(opt.) is the optical energy per bit, Eb(elec.) is the electrical 
energy per bit, and No/2 is the variance of the AWGN. 
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Fig.3 Bit-error rate comparison between the proposed modified  

              ACO-    OFDM and conventional ACO-OFDM. 
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Fig. 4 Bit-error rate comparison between the proposed modified 

                   ACO-OFDM and Bipolar OFDM. 
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Fig.5  Eb(opt) /No for BER 10-4 and normalized optical power versus      
normalized bandwidth for ACO-OFDM and modified ACO-OFDM. 

The normalized bandwidth in the case of ACO-OFDM is 

2(1+2/N) log2 M [4] but as unipolar encoding is used, the 

length of the OFDM frame is doubled which causes the 

spectral efficiency to be halved to that of conventional ACO-

OFDM [5]. Therefore, the normalized bandwidth in the case of 

modified ACO-OFDM is 4(1+2/N) log2 M. Both 4-QAM 

ACO-OFDM and 16-QAM modified ACO-OFDM have the 

same normalized bandwidth and approximately the same 

optical power. The 4-QAM modified ACO-OFDM requires the 

least optical power but exhibits the worst bandwidth efficiency.  

IV. CONCLUSION 

A modification to conventional ACO-OFDM using 

unipolar encoding has been proposed. BER performance 

analysis reveals that the performance of ACO-OFDM can be 

improved by more than 3 dB when adopting the proposed 

approach. These modifications eliminate the reduction in the 

BER performance between ACO-OFDM and bipolar OFDM. 
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