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Abstract— The proposed paper analyses the performance of 

Vector Orthogonal Frequency Division Multiplexing 

(VOFDM) technique over Power Line Communication 

(PLC) system with two non-linear pre-processors known as 

nulling and clipping along with Zero-Forcing and MMSE 

equalizers. Naturally, VOFDM has good PAPR property with 

reduced cost, size, increases electromagnetic compatibility 

and it does not have any side information whereas the 

equalizer reduces the occurrence of Inter-Symbol 

Interference (ISI). When compared to the existing system, the 

proposed system reduces PAPR up to 1 dB and also 

eliminates the occurrence of noise in PLC channels thereby 

consuming the transmit power.     
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I. INTRODUCTION 

In today’s world of Information Technology focuses on 

creation and transmission of information. To disperse the 

information to the users various technologies have been used. 

The technology which is used currently includes telephone 

cables, Ethernet cables, fiber optic cables, wireless 

transmission etc. Comparing with these technologies, Power 

Line Communication systems (PLC) serves as the best 

method due its easy installation process, high throughput, 

safety, low cost, reliability and availability of power line 

plugs which is used in home networking [1-3], data 

communications etc. This technology has various demerits 

such as high cable attenuation, unpredictable noise, and 

transmission of limited power restrictions to satisfy 

Electromagnetic Compatibility [4-6]. To overcome these 

limitations many methods have been reported which includes 

multiple input-multiple output (MIMO), co-operative 

relaying etc. The power line communication (PLC) acts as 

dominant medium to transmit not only the electrical signals 

but also the high speed information and multimedia content 

which is being used now.  

PLC includes various technologies such as local 

operation networks, X-10, CE Bus and OFDM. OFDM is the 

recent technology which is used in PLC. OFDM is a spectrum 

efficient transmission technique which transmits high data 

rates in frequency selective channels. OFDM modulations is 

the simultaneous transmission of large number of data signals 

of narrow band carriers also called as sub-carriers which is 

modulated at low data rates but the total produces high data 

rate information. OFDM has immunity to selective fading, 

simpler channel equalization and spectrum efficiency. In 

spite of the merits, OFDM has the major problem i.e., it is 

sensitive to frequency offset and phase noise suffers from 

large Peak to Average Power Ratio (PAPR) [7] which 

decreases the efficiency of the power in RF amplifiers. To 

reduce PAPR various technologies such as Partial Transmit 

Sequence (PTS) [8], Wavelet Packet based PTS (WP-PTS) 

[9-10], Selective Mapping (SLM) [11] have been used. These 

methods suffer from energy inefficiency due to the 

requirement of side information transmission. 

To overcome all these issues, Vector OFDM 

(VOFDM) technique has been proposed. VOFDM is a type 

of OFDM which has linear signal strength and it has been 

used in MIMO method. It is the combination of OFDM 

subcarriers into vector blocks. VOFDM has the major benefit 

of low PAPR with high power consumption and it does not 

increase the complexity of the system [12]. In VOFDM two 

non-linear preprocessors such as nulling and clipping is used. 

In proposed scheme, along with these two non-linear pre-

processors zero forcing and Minimum Mean Square Error 

(MMSE) equalizers are included to reduce PAPR up to 1 dB 

The paper is organized as: Section II describes about 

VOFDM with Zero Forcing and MMSE equalizer. Section III 

describes about the proposed model. Section III analyses the 

simulation results. Section V concludes the work. 

II. VOFDM WITH ZERO FORCING AND MMSE EQUALIZER 

VOFDM technique performs the estimation of phase noise 

with reduced complexity. VOFDM is in need of complex 

multiplication which is lower than OFDM [13]. The equalizer 

is a linear filter that provides an approximate inverse of the 

channel response. In digital communications, purpose of 

equalizer is to eliminate Inter - Symbol Interference (ISI) to 

permit retrieval of the transmit symbols. It may be a simple 

linear filter or a complex algorithm. Zero Forcing Equalizer 

refers to a form of linear equalization algorithm which 

inverses the frequency response of the channel to the received 

signal, to bring back the signal after the channel. The name 

Zero Forcing brings down the ISI to zero in a noise free 

situation. This will be useful when ISI is significant compared 

to noise. The equalizer Coefficients can be optimized to 

reduce ISI and additive noise using the MMSE criterion. 

When the SNR has elevated values the MMSE equalizer 

works as Zero Forcing does, but when the SNR has lower 

values, the fact that MMSE equalizer takes into account the 

noise and signal variance, makes to not amplify the noise as 

Zero Forcing does. When the Signal to Noise Ratio (SNR) 

has high values, the MMSE equalizer works as the Zero 

Forcing does, but for the rest of values that SNR can take, the 

MMSE equalizer works better in terms of distortion. This is 

the immense difference about the two equalizers and it can be 

clearly appreciated in the deep nulls of the channel. While 

Zero Forcing equalizer rises the noise term in order to recover 

the original signal, MMSE does not do. VOFDM with MMSE 

has better performance than OFDM and the large values of M 

can reduce the inter carrier interference [14]. 

III. PROPOSED MODEL 

The block diagram of VOFDM is shown in Fig.3.1.  
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Fig. 3.1: Block diagram of VOFDM 

It consists of transmitter and receiver of VOFDM 

technique. The transmitter side consists of QAM modulator, 

Reshape, Inverse Fast Fourier Transform (IFFT) and cyclic 

prefix (CP). 

 At transmitter, the binary input information is 

mapped using Quadrature Amplitude Modulator (QAM) in 

which the input bits are converted into symbols denoted as R. 

Sequences of N modulated symbols are then blocked column 

wise by L of length M. This is called as vector blocks and 

when the size of the vector block increases, there will be no 

phase noise [15]. The lth block is represented in eqn. 1, 

Rl = [RlM, RlM+1, … . . RlM+M−1]
T,     l = 0, … . L − 1     (1) 

 The above equation can be written in matrix format 

of M rows and L columns as in eqn.2, 

R = 

{
  
 

  
 
𝑅0       𝑅𝑀       𝑅2𝑀….  𝑅(𝐿−1)𝑀
𝑅1   𝑅𝑀+1   𝑅2𝑀+1… . 𝑅(𝐿−1)𝑀+1
  .            .           .               .           
.            .           .               .         
.            .           .               .         

𝑅𝑀−1   𝑅2𝑀−1   𝑅3𝑀−1… . 𝑅𝐿𝑀−1
  }

  
 

  
 

       (2) 

 Here the symbols are in serial format. To convert the 

serial format to parallel format, reshape is used. Then IFFT is 

performed of M vector blocks and it is given in eqn.3, 

R̅q = 
1

√L
∑ Rlexp (

j2πql

L
) , q = 0,1, … . L − 1L−1

l=0       (3) 

 The above equation can be written in vector form as 

in eqn. 4, 

R̅q = [R̅qM, R̅qM+1, … R̅qM+M−1]
T
, q = 0,1, … . L − 1       (4) 

 In IFFT, the frequency domain symbols are 

converted into time domain symbols. Cyclic prefix of length  

Lp is added to extend the OFDM signal. By again using 

reshape, the parallel format symbols are converted into serial 

format symbols. The PAPR of this signal is calculated. The 

signals are then transmitted over PLC channel. Here the 

VOFDM signals suffer from more noisy signals of (i.e.) 

background noise (nw) and impulsive noise (ni). Therefore 

the VOFDM signal is represented as in eqn. 5, 

s̅k =  R̅k + nw,k + ni,k, k=0, 1,….N-1      (5) 

where s̅k denotes the received signal with noisy signal. 

 To reduce the noise in VOFDM signals, non-linear 

preprocessors are used at the receiver. The non-linear 

preprocessor consists nulling and clipping. When the 

received signal exceed the nulling threshold (Tn), then the 

output of nulling is equal to zero. The received signal is 

clipped off when it exceeds clipping threshold (Tc) [16-18]. 

Fig.3.2 shows the output Signal to Noise Ratio (SNR) 

performance versus threshold value with nulling and clipping 

nonlinear pre-processor and Fig.3.3 shows the output SNR 

performance versus threshold value with nulling and clipping 

nonlinear pre-processing over a frequency selective channel. 

 
Fig. 3.2: SNR performance versus threshold value 

 
Fig. 3.3: SNR performance versus threshold value over a 

frequency selective channel 

  At receiver, reshape is used to convert the serial 

symbols to parallel symbols. Then the cyclic prefix is 

removed in order to remove the effects of ISI. Two different 

equalizers such as zero forcing and MMSE are used to 

eliminate the ISI. 

 Then FFT is performed to convert the time domain 

signals to frequency domain signals. Then parallel to serial 

converter is used. By passing through QAM demodulator, the 

estimated OFDM symbols are converted into output bits  

IV. RESULTS AND DISCUSSION 

The proposed VOFDM model using zero forcing and MMSE 

is simulated using MATLAB tool. In this proposed model, 

PAPR is reduced up to 1 dB and produces better BER 

performance when compared to other methods. Here, 64 

vector blocks, 16-QAM symbols are used. The VOFDM 

spectrum is shown in Fig.4.1VOFDM spectrum. 
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Fig. 4.1: VOFDM spectrum 

 
Fig. 4.2: PAPR versus Number of vector blocks 

 Fig.4.2 shows the PAPR performances of the 

VOFDM system as a function of the number of vector blocks. 

It also shows the 1 dB PAPR reduction when compared to the 

existing VOFDM system. 

 
Fig. 4.3: BER performance versus SNR 

 Fig.4.3 shows the minimum achievable BER 

performance versus SNR for the VOFDM with Zero Forcing 

and MMSE equalizers. When SNR is increased, both Zero 

Forcing and MMSE equalizer has same BER value. 

V. CONCLUSION 

The proposed VOFDM method with Zero Forcing and 

MMSE equalizer eliminates the occurrence of ISI which 

causes the transmitted signal to be distorted and reduces the 

PAPR up to 1 dB when compared to the existing system. This 

proposed scheme detects the noise accurately. By reducing 

PAPR value, the transmitted power is saved with reduced cost 

and size of the proposed system. 
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