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In this paper, the peak-to-average power ratio (PAPR) of orthogonal frequency division multiplexing (OFDM) signal is 

reduced by combining the discrete cosine transform (DCT) with clipping in optical intensity-modulated direct-detection 

(IM/DD) OFDM systems. First, the data are transformed into new modified data by DCT. Second, the proposed 

scheme utilizes the clipping technique to further reduce the PAPR of OFDM signal. We experimentally demonstrate 

that the optical OFDM transmission system with this proposed scheme can achieve significant performance improve-

ment in terms of PAPR and bit error rate (BER) compared with the original optical OFDM systems. 
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Orthogonal frequency division multiplexing (OFDM) has 

been widely used in optical communication systems, 

such as wireless optical systems, coherent optical OFDM 

(CO-OFDM) systems and intensity-modulated direct-

detection (IM/DD) OFDM systems[1-3]. However, the 

IM/DD systems are simpler and can be easily imple-

mented. The wireless optical communication systems 

also employ IM/DD techniques. In this paper, we mainly 

consider the IM/DD scheme. 

The high peak-to-average power ratio (PAPR) of 

OFDM signal is the main problem in the IM/DD OFDM 

system. When OFDM signals propagate over an optical 

fiber channel, the high PAPR of the OFDM signal can 

result in distortions caused by nonlinear devices, such as 

analog to digital (A/D) converter, external modulator and 

transmission fiber. To reduce the PAPR of the optical 

OFDM signal, many methods have been proposed for 

optical OFDM systems[4-7].  

The precoded optical OFDM system can benefit from 

the frequency diversity of the optical channel. The PAPR 

and bit error rate (BER) are both decreased. So some pre-

coding techniques have been proposed for the application 

in optical IM/DD OFDM systems[8-10]. For an IM/DD op-

tical OFDM system, the OFDM signal is a real value. The 

PAPR performance of these precoding techniques for real 

OFDM signals is different from that of complex-valued 

OFDM signals in wireless communication systems. The 

discrete cosine transform (DCT)-precoding technique has 

been researched in wireless OFDM communications for 

PAPR reduction of OFDM signals[11,12]. Wang et al[13] 

researched a grouped DCT-precoding scheme to reduce 

the PAPR in IM/DD optical OFDM systems by computer 

simulation method. The signal clipping technique is also 

an effective PAPR reduction scheme for OFDM signals.  

In this paper, we propose an efficient technique based 

on joint DCT-precoding and clipping techniques for re-

ducing PAPR. The main idea of the proposed scheme is 

that firstly the transmitted data are transformed by the 

DCT precoding matrix before being processed with in-

verse fast Fourier transform (IFFT) operation, which can 

reduce the PAPR of OFDM signals. Then, the clipping is 

applied to further reduce the PAPR of the OFDM signal 

after the IFFT operation. We show the first experimental 

demonstration of the optical OFDM system based on the 

proposed PAPR reduction scheme, in which 256 OFDM 

subcarriers with sampling rate of 2.5×109 s-1 are success-

fully processed and recovered after 100 km transmission 

through standard single mode fiber (SSMF) link. The 

experimental results can verify the feasibility and effec-

tiveness of the proposed signal processing scheme.  
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Let us consider an IM/DD optical OFDM system 

with N subcarriers. The information bit stream is firstly 

encoded in quadratic-amplitude modulation or phase-

shift keying (PSK) symbols. According to the property 

of IFFT, the real-valued time signal x(n) corresponds 

to a Hermitian-symmetric frequency-domain signal 

X(k), which is expressed as  

( ) ( )kNXkX −= * , 0 1k N≤ ≤ − ,                             (1) 

where * denotes the complex conjugate. The data signal 

X(k) is modulated by the N-point IFFT. The modulated 

signal, which is the output of the IFFT, is written as 
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The PAPR is defined as the ratio of the maximum 

peak power to the average power of the transmitted 

OFDM signal. The PAPR of the OFDM signal x(n) is 

defined as  
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where E{·} denotes the expectation operation. The PAPR 

of OFDM signal is expressed in decibels as 

PAPRPAPR
10

log10= .                                        (4) 

A better method for characterizing the PAPR is to use 

the complementary cumulative distribution function 

(CCDF) of the PAPR (namely, Pc), which is expressed as  

{ }
c p

PrP PAPR ζ= > .                                      (5) 

Namely, Pc is the probability that the PAPR exceeds a 

particular value ζp. 

Amplitude clipping is considered as the simplest tech-

nique which can be used for PAPR reduction in an 

OFDM system. The amplitudes of the time-domain sig-

nal samples are limited by the threshold A. When the 

phase is unchanged, the clipped time sample is expressed 

as 
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Thus, the magnitude of the clipped signal does not ex-

ceed A, and the phase of the signal is preserved. The 

clipping ratio is defined as 

in
P

A
CR = ,                                               (7) 

where CR is the clipping ratio, and Pin is the average 

power of the transmitted signal. 

DCT is a real transform in which the data are multi-

plied by a cosine function. The M×M  DCT matrix C is 

given as 
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where i and j represent the row and column entries, re-

spectively. The application of this DCT matrix converts 

the time-domain signal into the new transform-domain 

signal. 

The main idea of the proposed scheme is to use the com-

bination of two appropriate methods. One is the DCT ma-

trix transform technique, and the other is the clipping tech-

nique. On the transmitter end, the baseband modulated data 

stream is firstly transformed by the DCT matrix. Then, the 

transformed data are processed by the IFFT unit. A clipping 

technique is adopted after the IFFT to further reduce the 

PAPR of the signal. The proposed scheme is applied to an 

IM/DD optical OFDM system. The block diagram of the 

optical IM/DD OFDM system is shown in Fig.1. 
 

 

Fig.1 IM/DD optical OFDM system with the proposed 

scheme 

 

The key signal processing steps of the proposed system 

are described below. (I) The transmitted data signal X with 

256 subcarriers is formed according to the IEEE802.16-

2004 standard[14], which is shown in Fig.2. (II) The trans-

mitted data sequence X is transformed by DCT precoding 

matrix C, i.e., Y=CX. (III) y=IFFT(Y), where y=[y(1) y(2) 

�  y(N)]T. (IV) A clipping technique is then applied to y, 

i.e., yc=clipping{y}. (V)  The OFDM signal yc is modu-

lated by Mach-Zehnder modulator (MZM). (VI) At the 

receiver end, a fast Fourier transform (FFT) is applied to 

the received discrete sample signal vector r̂ , i.e., 
ˆ ˆFFT( )=Y r , where [ ]Tˆ ˆ ˆ ˆ(1) (2) ( )r r r N= �r . (VII) 

Channel estimation and equalization are applied. Then, 

the pilot symbols are extracted, and the Hermitian-

symmetric data are removed. Therefore, a new estimated 

data sequence Û is obtained. (VIII)  Do inverse DCT 

transform to obtain the signal Û, i.e., ˆ ˆ
T

=X C U .  Then 

the demodulated signal ˆX is demaped to bit stream. 
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Fig.2 An OFDM symbol frame structure with 256 sub-

carrier channels 

 
Fig.3 shows the experimental setup of optical OFDM 

transmission. The test-bed was mainly based on a Tek-

tronix TDS684B oscilloscope, an AQ6317 optical spec-

trum analyzer, a Sony Tektronix AWG710, an E1748-

006 laser and a personal computer. The central wave-

length of the continuous wave (CW) generated by a dis-

tributed feedback (DFB) laser is 1 565.350 nm. 
 

 

AWG: arbitrary waveform generator; PD: photodiode; MZM: Mach-

Zehnder modulator; EDFA: erbium-doped fiber amplifier; ATT: at-

tenuator; OSC: oscilloscope  

Fig.3 Schematic diagram of experimental setup 

 
In the experiment, the OFDM frame based on quadra-

ture phase shift keying (QPSK) in-phase/quadrature (I/Q) 

modulation scheme has 256 subcarriers, where 192 sub-

carriers are used for the data symbols, 8 subcarriers are 

used for the pilot symbols, and 56 subcarriers are used 

for the guard intervals. The size of the cyclic prefix in 

every OFDM frame is 32 samples. The frame structure 

of the OFDM data signals is shown in Fig.2. The digital 

waveform of the DCT precoding and clipping, which is 

produced by Matlab program, is then uploaded into the 

Tektronix AWG operated with sampling rate of 2.5×109 

s-1 to generate a real-time precoded QPSK OFDM signal. 

An MZM biased at 1.9 V is used to transform the electri-

cal signal to optical signal. The optical OFDM signal is 

transmitted over an SSMF link with 100 km. The re-

trieved OFDM signals are sampled by a digital storage 

oscilloscope. Then the FFT demodulation and BER 

analysis of the system are realized by an off-line Matlab 

program.  

In the actual IM/DD optical OFDM system, the chan-

nel estimation is adopted in the receiver. Therefore, the 

pilot symbols are inserted into the OFDM symbols frame, 

and the Hermitian symmetry must be satisfied. Thus the 

output of the IFFT is real number. Here, the OFDM 

symbol frame structure shown in Fig.2 is employed.  In 

this case, we evaluate the PAPR of the real-valued QPSK 

OFDM signal. 

In order to reduce the PAPR of OFDM signals, a 

scheme combining DCT-precoding with clipping is pro-

posed. Fig.4 shows the CCDF performance of the pro-

posed scheme for PAPR reduction. The values of CR for 

the clipping procedure are fixed at 2, 5 and 10, and the 

PAPRs of OFDM signal at CCDF=10-3 are reduced by 

7.5 dB, 4.8 dB and 1.9 dB approximately using the pro-

posed scheme, respectively, compared with that using the 

DCT-precoding scheme. At CCDF=10-3, the DCT-

precoding scheme can reduce the PAPR of OFDM signal 

by 1.3 dB approximately compared with that of the 

original OFDM signal. 

 

 

Fig.4 CCDF performance comparison for different 

PAPR reduction schemes 

 

The BER of the optical OFDM signal with the proc-

essing of the DCT-precoding and clipping after 100 km 

SSMF transmission is measured in an optical OFDM 

transmission experiment platform. Fig.5 shows the meas-

ured BER performance comparison of the OFDM sys-

tems with different PAPR reduction techniques. We can 

see that the receiver sensitivity for the DCT-precoding 

and clipping scheme with CR=5 at BER=10-3 is about 4 

dBm better than that of the original OFDM signal and 

0.9 dBm better than of the DCT-precoding scheme. From 

Fig.5, we also clearly see that the DCT-precoding and 

clipping scheme with CR=2 suffers from a BER floor 

effect when the receiver optical power is greater than –30 

dBm. The BER performance of the DCT-precoding and 

clipping scheme with CR=2 is the best when the receiver 

optical power is lower than –32 dBm. The BER perform-

ance of the DCT-precoding with CR=5 is better than that 

of the DCT-precoding scheme with CR=10 when the 

receiver optical power is lower than –29 dBm.   

We observe that the precoding technique takes advan-

tage of the frequency selectivity of the optical channel 

and improves the BER performance of the proposed sys-

tem, which is consistent with the previously reported 

results[16,17].  

As clipping is a PAPR reduction technique which is 

simple in implementation, the introduction of clipping to 

the DCT-precoding scheme does not increase the com-
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plexity of the system. Thus we mainly consider the com-

plexity of the DCT-precoding. In Ref.[18], a fast M-point 

DCT algorithm was proposed, and the algorithm required 

2
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M
M multiplications and 
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log 1
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M
M M− +  addi-

tions for an M-length sequence. Therefore, the total op-

erations for the proposed DCT-precoding scheme are 

2
logM M  multiplications and 

2
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additions when an M-point DCT in the transmitter and an 

M-point IDCT in the receiver are used. Thus, the addi-

tional computational complexity is required in the pro-

posed DCT-precoding and clipping optical OFDM sys-

tem. 
 

 

Fig.5 BER performance comparison for different 

PAPR reduction schemes 
 
The technique combining DCT-precoding with clip-

ping is investigated for IM/DD optical OFDM system. 

The proposed DCT-precoding and clipping optical 

OFDM system has low PAPR than the DCT-precoding 

systems and the conventional systems. The BER of the 

proposed OFDM system for SSMF channels is evaluated 

by the experiment platform. The experimental results 

show that the BER performance of the joint DCT-

precoding and clipping optical OFDM system (at CR=5 

and 10) is greatly improved compared with the conven-

tional optical OFDM systems. 
 

References 

[1]  J. Armstrong, Journal of Lightwave Technology 27, 189 

(2009). 

[2] W. Shieh, H. Bao and Y. Tang, Optics Express 16, 841 

(2006). 

[3] J. Armstrong, OFDM: From Copper and Wireless to Opti-

cal, Optical Fiber Communication Conference, Optical 

Society of America Technical Digest, paper OMM1 

(2008). 

[4]  T. Truong, M. Arzel, H. Lin, B. Jahan, B. Charbonnier 

and M. Jezequel, PAPR Reduction Using Continuous-

Tone Reservation Technique in Optical OFDM IMDD 

Transmissions, Optical Fiber Communication Confer-

ence, JTh2A.67 (2013). 

[5]  Zhang Xuan, Tang Yi, Huang Gang, Huang He-qing 

and Ni Guo-qiang, Journal of Optoelectronics·Laser 24, 

698 (2013). (in Chinese) 

[6]  Yuan Jian-guo, Hu Yun-xia, He Qing-ping, Liang Tian-

yu and Wang Yong, Journal of Optoelectronics·Laser 

23, 1738 (2012). (in Chinese) 

[7]  Y. Gao, J. Yu, J. Xiao, Z. Cao, F. Li and L. Chen, Jour-

nal of Lightwave Technology 29, 2138 (2011). 

[8]  J. Xiao, J. Yu, X. Li, Q. Tang, H. Chen, F. Li, Z. Cao 

and L. Chen, IEEE/OSA Journal of Optical Communi-

cations and Networking 4, 709 (2012). 

[9]  B. Ranjha and M. Kavehrad, Precoding Techniques for 

PAPR Reduction in Asymmetrically Clipped OFDM Based 

Optical Wireless System, Proc. SPIE 8645, Broadband Ac-

cess Communication Technologies VII, 86450R (2013). 

[10]  Z. Wang, J. Xiao, F. Li and L. Chen, Optoelectronics 

Letters 7, 363 (2011). 

[11]  C. H. O Soobum and S. K. Park, Hybrid DCT/DST 

Precoding Scheme for the PAPR Reduction of OFDM 

Systems, IEICE Transactions on Fundamentals of Elec-

tronics, Communications and Computer Sciences 96, 

296 (2013). 

[12]  I. Baig and V. Jeoti, DCT Precoded SLM Technique for 

PAPR Reduction in OFDM Systems, International Con-

ference on Intelligent and Advanced Systems, 1 (2010). 

[13]  Z. Wang and S. Zhang, Optoelectronics Letters 9, 213 

(2013). 

[14]  IEEE Standard for Local and Metropolitan Area Net-

work, Part 16: Air Interface for Fixed Broadband Wire-

less Access Systems, IEEE Std. 802.16-2004.  

[15]  J. G. Proakis, Digital Communications, New York: 

McGraw-Hill, 1995. 

[16]  B. Slimane, IEEE Transactions on Vehicular Technol-

ogy 56, 686 (2007). 

[17]  S. Liu, X. Meng, X. Chen and X. Zhou, A Novel CD 

Compensation Scheme Using Differential Pre-coding in 

CO-OFDM System, International Conference on Infor-

mation Photonics and Optical Communications, 1 

(2011). 

[18]  W. Yuan, P. Hao and C. Xu, Matrix Factorization for 

Fast DCT Algorithms, IEEE International Conference 

on Acoustics, Speech and Signal Processing 3, 948 

(2006).

 


