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Abstract 

In this paper, performance analysis of intensity modulation with direct detection (IM/DD) optical orthogonal frequency division 

multiplexing (OFDM) system is done with collective approach coding and clipping to maintain the threshold level of Peak to 

average ratio. For 9.875 Gb/s data rate OFDM signal within BER of 10-3 , sudden improvement in PAPR is observed with this 

approach. 

 

 

1. INTRODUCTION 

Space-time block coded orthogonal frequency-division multiplexing (STBC-OFDM) schemes have garnered much 

attention as a simple transmit diversity technique in combating frequency selective fading channels [1], [2]. 

Although STBC-OFDM using Alamouti code can improve the performance of OFDM, its second-order diversity 

gain is still insufficient for communication requiring high reliability over fading channels. Thus, recent works have 

considered STBCOFDM schemes aimed at achieving fourth-order diversity gain [3], [4].STBC-OFDM using G4 

code with 1/2 rate and H4 code with 3/4 rate are the conventional schemes being employed to provide fourth-order 

diversity gain [5]–[7]. However, problems arise when the conventional schemes described in [6] and [7] are used in 

spatially transmit correlated fading channels. These conventional schemes have been designed without taking spatial 

transmit correlation in consideration, although it occurs in many practical applications. The spatial transmit 

correlation causes a deficiency of randomness and independence in channel [8], [9]. Therefore, increasing the spatial 

transmit correlation results in bit-error-probability (BEP) performance degradation for STBC-OFDM schemes 

targeting a fourth-order diversity gain [10].Space-frequency coded OFDM (SFC-OFDM) schemes have been 

proposed to exploit both spatial and frequency diversity [11]–[13]. The authors of [12] proposed a type of SFC-
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OFDM without permutation from a simple mapping process using STBC. As with STBC-OFDM schemes, however, 

the SFC-OFDM design described in [12] fails to consider spatial transmit correlation, so that it suffers from spatially 

correlated channels. By precoding the incoming information symbol across OFDM subcarriers, the SFC-OFDM 

with permutation proposed in [13] attains both full transmission rate and frequency diversity over independent 

channels. However, exploiting the frequency diversity with this approach also limits the BEP performance in 

spatially correlated channels and requires high decoding complexity. This is because the SFC-OFDM described in 

[13] uses the precoding method instead of STBC for the full transmission rate. In the literature [11], the authors have 

shown that clipping can improve the overall communication system performance, under the peak power constraint. 

Inspired by the concept in [10] and [11], we proposed a combined STBC precoding and clipping scheme in the 

IM/DD optical OFDM systems. We studied the BER performance of the STBC-precoded and clipped optical 

IM/DD OFDM system using our experimental optical IM/DD OFDM transmission platform. The experimental 

results show that the BER performance of the system can be greatly improved with the PAPR reduction with a CR 

of 6 dB. Therefore, a new STBC-based scheme using frequency diversity that can improve the performance in 

spatially correlated channels is still needed. Later on STBC-based transmit diversity scheme using frequency 

diversity was introduced that is more robust against spatial correlation than the STBC-OFDM schemes and the SFC-

OFDM schemes, and which achieves fourth-order diversity gain. From the upper bound of BEP performance over 

spatially transmit-correlated channels, it was shown that performance can be improved by increasing the determinant 

of the channel correlation matrix. In order to exploit both frequency and spatial diversity and thereby increase the 

determinant, attempt was made to design an STBC-based transmit diversity scheme. The merged determinant 

condition for robustness is derived from detailed analysis of the determinant. 

2. SYSTEM PRINCIPLE 

 

Fig. 1 illustrates the block diagram of an optical IM/DD OFDM system using precoding and clipping. In this study, 

a discrete-time baseband optical IM/DD OFDM system with N subcarriers has been considered. The main difference 

between the proposed system and the conventional IM/DD optical OFDM systems is that there are the precoding 

and clipping block at the transmitter and inverse precoding block at the receiver in the proposed scheme. The OFDM 

system consists of transmitter, channel and receiver blocks, which are described below. 
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Fig1. Conceptual diagram of Clipped and STBC coded Optical-OFDM System 

In general, the clipping technique can cause impairment to a communication system. When the CR is maintained at 

a small value, the signal is effectively clipped. In our work, a slight clipping scheme is employed for the generation 

of a STBC-precoded OFDM signal. The results of the measured BER in the following experiment show that the soft 

clipping can improve the BER of the system when the value of the CR is set at 6 dB. In this work, STBC precoding 

is first employed before the IFFT operation; therefore, the PAPR of the OFDM signal at the output of the IFFT 

block has been reduced. For the STBC-precoded OFDM signal, soft clipping is used in order to reduce the PAPR 

furthermore . 

 

3. RESULTS AND DISCUSSION 

 

PAPR is defined as the ratio between the maximum peak power and the average power of the transmitted OFDM 

signals. The performance of an OFDM system can be evaluated using the complementary cumulative distribution 

function (CCDF) to measure the PAPR 
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Fig. 3. Comparison of the PAPR of the STBC-precoded and clipped OFDM signals, 

the STBC-precoded OFDM signals, and the original OFDM signals. 

 

We have evaluated the PAPR of the STBC-precoded with clipped OFDM signal that is produced by the MATLAB 

program. In the experimental setup, the value of CR is set at 6 dB [10]. Fig. 3 shows the CCDF comparisons of a 

QPSK signal of 50000 OFDM frames. We observe that at CCDF = 10-3, the STBC precoding with clipping (CR = 6 

dB) scheme can reduce the PAPR by approximately 3.5 dB, as compared with the original OFDM signal and by 1.2 

dB, as compared with the STBC-precoded scheme  

 

Fig. 4. Temporal waveform of the STBC-precoded and clipped QPSK OFDM signals. 
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Fig. 5. Temporal waveform of the STBC-precoded QPSK OFDM signals. 

 

Fig. 6. Temporal waveform of the original QPSK OFDM signals 
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Figs. 4, 5, and 6 show the temporal waveforms of the STBC-precoded with clipped OFDM signals, the STBC-

precoded OFDM signals, and original OFDM signals, respectively. We observe that the STBC-precoded with 

clipped OFDM signals fluctuate less than the STBC-precoded and the original OFDM signals Fig. 7 shows the 

measured BER performance of the proposed STBC-precoded and clipped optical OFDM transmission system. In the 

experimental setup, the value of CR is set at 6 dB. For the 2.5 Gs/s STBC-precoded and clipped QPSK OFDM 

signals, the received sensitivity at a BER of 10-4 after 100-km SMF transmission is improved by approximately 4 

dBm as compared with the original OFDM signals, and by 1 dBm, as compared with the STBC-precoded OFDM 

signals. 

 

Fig. 7. BER comparison  

4. CONCLUSION 

We proposed a coding with clipping scheme for the optical IM/DD OFDM system. The BER performance of the 

proposed scheme was studied using the optical IM/DD OFDM transmission experimental platform. For the 9.875 

Gb/s STBC-precoded and clipped QPSK OFDM signal, the received sensitivity of the systems is improved by 

approximately 4 dBm as compared with the original OFDM systems. The experimental results show that STBC 

precoding with clipping (CR = 6 dB) scheme can greatly reduce the PAPR by approximately 3.5 dB, as compared 

with the original OFDM systems. 
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