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Abstract— Modern wireless communication has its direction of growth towards providing the needed information with higher 

reliability in an error free format at any time anywhere in the world with low power consumption. The demand for the ever 

increasing data rates because of the increase in usage of the multimedia services need to be fulfilled with much lower bit error rate. 

Forward error correction methods (FEC) methods are commonly employed to reduce the bit error rate during the data transmission. 

Here, FEC is efficiently implemented in the image transmitter which employs low complexity hardware architecture. Because of the 

low complexity, the proposed hardware has very low power consumption. The simulation results for this transmitter were obtained 

using Xilinx 14.5. For forward error correction, low complexity quasi-cyclic low density parity check (QC-LDPC) encoder is used. 

This encoder facilitates the use of the codes with long block length along with low decoding complexity. Matrix interleaver is 

employed in the proposed image transmitter in order to reduce burst errors and to achieve more secured transmission. Also, it 

improves the Bit Error Rate (BER) performance over other interleaver designs. The improved Joint Source Channel Coding (JSCC) 

method with scalable image coding is employed here. A scalable image with four layers of information was considered and the bits 

from upper layers are allocated to spatial streams with higher SNR and those from lower layers are allocated to spatial streams with 

lower SNR. The bit error rate performance of the proposed image transmitter was analyzed using Quadrature Phase Shift Keying 

(QPSK) modulation. Although, the proposed QC-LDPC encoder followed by the matrix interleaver could perform M-ary Shift 

Keying (MSK) modulation, we need to design complex hardware architecture for the transmitter. Also, it has higher bandwidth than 

QPSK. Hence, with QC-LDPC and improved JSCC scheme and the matrix interleaver, the proposed system allows users to achieve 

more secured and reliable communication with low power consumption compared to existing image transmission systems. The total 

power consumed by the proposed image transmitter using QPSK modulator for the transmission of average gray level value of a 

square pixel data is 56 mW. 
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I. INTRODUCTION 

Wireless communication has gained popularity among numerous users in the field of consumer electronics. The 

general wireless communication system consists of transmitter, channel and receiver. For the better image transmission through 

the wireless channel, high data rate, lower power consumption, reduced bit error rate and efficient bandwidth are the recent 

requirements. The image transmitter generally consists of an encoder, an interleaver and a modulator. 

Generally, the storage space needed for the storing the image signals and also the memory needed for processing is 

large. Thus, it takes long time to transmit the images over a wireless channel. Coding and interleaving mechanisms play a 

significant role in the performance of communication system. Quasi cyclic Low-Density Parity-Check (QC-LDPC) codes are a 

class of linear block codes can achieve reliable transmission that is very close to the Shannon’s limit and can outperform other 

codes at long block length with relatively low decoding complexity [2].  

In JSCC both source and channel characteristics are considered. It minimizes the degradation in image quality in the 

presence of bit error. In improved JSCC method of coding, the scalable image coding is adopted with minimized image 

distortion. It also aids to reach the theoretical channel capacity limit.  Interleaving is a process used to make a image transmitter 

more efficient, fast and reliable by arranging data in a noncontiguous manner. The use of matrix interleaver in the transmitter 

and the corresponding deinterleaver at the receiver improves the bit error rate performance in image transmission.  Matrix 

interleaver reduces the burst errors [3] that occur during image transmission in the Rayleigh fading channel. There are two 

modes of operation in the interleaver, namely, read after write at the transmitter side and write after read at the receiver side. In 

order to increase the data rate of the proposed transmitter QPSK modulation is used. 
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The organization of the paper is as follows. Section II describes in detail about the blocks involved in the proposed low 

power image transmitter for secured transmission of images. Section III discusses the simulation results and power analysis. 

Conclusion is listed in Section IV. 

II. SYSTEM DESCRIPTION 

The architecture of the image transmitter has the encoder, matrix interleaver and the QPSK modulator as shown in 

figure 1. The FEC block mainly consists of encoder and interleaver. The incoming stream of bits is encoded by the QC-LDPC 

encoder and then interleaved by the matrix interleaver to minimize burst errors. The modulated symbols are transmitted over a 

wireless channel which is the ideal Rayleigh fading channel. 

 

 
 Fig. 1 Block Diagram of the Image Transmitter 

 

A. QC-LDPC ENCODER  

The proposed low power image transmitter uses an efficient low complexity low power quasi cyclic low density parity 

check encoder. Figure 2 depicts this encoder architecture. It consists of transformed generator matrix multiplication, Fourier 

transform, and inverse Fourier transform sections. This encoder does not need the message mapping and hence has lower 

encoding complexity. This results with the reduced storage requirement. Ultimately the overall complexity of the encoder is 

greatly reduced. Thus, the area requirement of transmitter hardware is reduced. This reduced area results with reduction in 

power consumption.  
 

 
Fig. 2 Block Diagram of the QC-LDPC Encoder 

 

 

LDPC code design usually starts with H matrix which is a sparse matrix (i.e., the number of 1’s is much lower than the 

number of 0’s). The sparseness of the H matrix leads to low computing complexity. To keep the decoder complexity low, 

elements of lower order finite field, namely the Galois Field GF(2p) are used as entries of H which is the parity check matrix. 

The elements of GF(22)  is used to construct the H matrix [1]. This is because, the proposed image transmitter was simulated to 

transmit the single data which is the average gray level value of a 2 x 2 square pixel data. 
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….(1) 

Then a systematic generator matrix G is formed from H. This G consists of circulant matrices. The G matrix is given 

by, 

…(2) 

 

where, I is an (e x e) identity matrix with e = 3 and each Gi,j (0 ≤ i,  < k,   0 ≤  j  < n-k) is an (e x e) = (3 x 3) equivalent. This 

second (3 x 3) section of the G matrix is a circulant matrix. If H is not full rank, G has additional irregular rows. These rows are 

eliminated from G through padding zeros to the message symbols. 

A Fourier transformed based QC-LDPC encoding procedure is as follows: Assume α is a primitive element of GF(2P). 

V= [α - ij] (0 < i, j < e) is an (e x e) matrix. Here, the message vector is chosen as a (3 x 3) binary vector. Fourier transform is 

applied to this message vector, which is given by the formula 

mi
F = miV.…..(3) 

After the Fourier transformation, the Fourier transformed message vector is multiplied with the Fourier transformed 

generator matrix [5]. In each clock cycle, leading symbols of message vector is multiplied with all non-zero entries in the 

corresponding rows of GF. Since the parity part of GF consists of (n-k), the inverse Fourier transform is calculated by taking the 

inverse of V, i.e., V-1 = [αij]. The inverse Fourier transform is activated for much fewer blocks of the symbols. Hence, the power 

consumption of the encoder is greatly reduced.  

Finally, the codeword formation for the message in this proposed block encoder is carried out by equation 4. 

 

   c = mFGFV−1(n). …..(4) 

 

If the ‘c’ value from the above equation satisfies (c . HT) = 0, then, it is a valid codeword. 

 

B.  IMPROVED JSCC SCHEME 

The JSCC technique for wireless image transmission does not rely on explicit codes for error correction.  Instead, it 

directly maps the image pixel values to the complex-valued channel input symbols. Thus, it addresses the information 

redundancy in a joint source channel coding process. The improved JSCC scheme is explained as follows. A scalable image 

consists of multiple layers. Here, the image has been scaled with four layers. In this, usually the upper layers have visually 

important information. The contribution of the lower layers to image quality is not significant. In our proposal, the bits from 

upper layers are efficiently allocated to spatial streams with higher SNR and those from lower layers are being allocated to 

spatial streams with lower SNR. Moreover, the bits from upper layers are assigned to subcarriers with higher SNR. This 

approach helps to prevent errors which are occurring on the upper layers.  
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The SNR of the ith spatial stream for the kth subcarrier, called subcarrier stream SNR, can be calculated as [4] 

…(5) 

where, Hk is the MIMO channel matrix with subcarrier ‘K’.  Vk i is the column ‘i’ of the beam forming matrix ‘V’ for subcarrier 

k.   σ2
n is the noise power. 

 

C. MATRIX INTERLEAVER  

 
Among the classical interleavers, the block interleaver is more optimal with respect to RAM resource utilization. 

 

 
Fig. 3 Block Diagram of the Block Interleaver 

 

The matrix interleaver performs block interleaving by filling a matrix with the input symbols row by row and then 

sending the matrix contents to the output port column by column. When burst errors are occurring in image transmission this 

interleaver spread out the errors in the entire bandwidth of transmission and this is observed as the reduced burst error during 

the deinterleaving process at the receiver. This can be realized through reduced bit error rate and hence the overall throughput of 

the image transmission system will be improved.  

The block interleaver structure designed to support various modulation techniques like BPSK, QPSK, MSK etc., is 

shown in the figure 3. It has two memory blocks, namely, RAM-1 and RAM-2 and an address generator. In block interleaving, 

when one memory block is being written, the other one is being read. Thus, the read and write can be performed simultaneously. 

The multiplexer based selection process ensures this simultaneous operation. When select = 1, write enable (WE) of RAM-1 is 

active. During this period, the input stream is written in RAM-1 as it receives the write address. Simultaneously, an interleaved 

data stream is read from RAM-2 as it is supplied with read address.  
After the memory blocks are written/read up to the desired location as specified by the interleave depth, the status of 

select signal is changed to swap the read/write operation. 
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D. QPSK MODULATION 

 

After assigning the subcarriers for the spatial streams, the SNR’s were analyzed for the implementation of the 

improved JSCC scheme. After the QC-LDPC encoding and the improved JSCC scheme, the matrix interleaving is performed. 

The interleaved bits are modulated by QPSK modulation. The block diagram of QPSK modulator is illustrated in figure 4. 

QPSK is basically two BPSK links with their carriers in phase quadrature and operating on the same channel, thus allotted with 

the single carrier frequency. 

 

 

 
Fig. 4 Block Diagram of QPSK Modulator 

 
The serial to parallel converter is used to separate odd and even bit from generated information bit and it first sends an 

odd bit to the In-Phase channel (I channel) of the QPSK modulator and then sends the even bit to the Quadrature channel (Q 

channel) of the QPSK modulator. Each mixer performs modulation by multiplying the sinusoidal carrier by the data signal in 

order to produce a BPSK signal. The effect of the mixer is to shift the frequency spectrum of the baseband signal up to the 

frequency of the carrier. The summer sums the I channel and the Q channel BPSK signals to produce the QPSK signal. The 

modulated information is transmitted using the local oscillator.   

III. SIMULATION RESULTS 

The simulation results of the proposed image transmitter are obtained using Xilinx 14.5 and shown in figure 5. The 

data which is the average gray level value of a 2 x 2 square pixel sent via the proposed image transmitter is observed for a clock 

period of 10 nanoseconds. After QPSK modulation, the image pixel information to be placed in the ideal Rayleigh fading 

channel is the mapped image pixel values to the complex-valued channel input. 
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Fig. 5 Simulation result of the proposed image transmitter 

 
For transmitting a single image pixel data input value, the average gray level of a square pixel was found to be 11 and 

it is assigned to the variable data_in. The QC-LDPC encoder output corresponding to this value is 1100101001001000 and 

termed as the variable ‘e’. The output of the matrix interleaver has the value as 1101101001000000 assigned with the variable 

‘z’. The complex-valued input to the transmission channel is a 16-bit data with its real (dout_real) and imaginary (dout_imag) 

values as 1101001010111111. The power analysis of the proposed image transmitter is calculated using Xilinx 14.5. Figure 6 

shows the power report of this image transmitter. The VLSI implementation was carried out with the Artix7xc7a1000t FPGA 

family device.  

 
 Fig. 6 Power report of the proposed image transmitter 

 

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 6, Issue 6, June 2019 602

ISSN NO: 0972-1347

http://ijics.com



 
Fig. 7  Delay Report of the proposed image Transmitter 

 
At 25˚C, the total power consumed by the proposed image transmitter using QPSK modulation for transmission of a 

single square pixel data is 56 mW. Figure 7 shows the propagation delay report of this image transmitter. The total propagation 

delay for the transmission of single pixel data using the proposed image transmitter is 799 picoseconds.  

 

IV. CONCLUSION 

 

The proposed image transmitter employing the QC-LDPC encoder with improved JSCC scheme is with low 

power consumption and more secured transmission. The main purpose for QC-LDPC selection amongst all error correcting 

codes like Turbo-code, LDPC-code, Reed-Solomon-code, Alamouti-code etc., is its efficient utilization of channel capacity 

which is near Shannon limit. Information bits are encoded using QC-LDPC encoder with FEC for reliable image transmission 

and the image bits were modulated using QPSK modulation. The bit error rate performance of the proposed image transmitter is 

also analyzed. A scalable image with four layers of information was considered and the bits from upper layers are allocated to 

spatial streams with higher SNR and those from lower layers are allocated to spatial streams with lower SNR. The total power 

consumed by the proposed image transmitter using QPSK modulator for the transmission of average gray level value of a 

square pixel data is 56 mW. The simulation results with the Artix7xc7a1000t FPGA family device using Xilinx 14.5 indicate 

that the proposed method is capable of stable real-time transmission of high-resolution images even in the channel environment 

where SNR = 20 dB with the ideal Rayleigh fading channel. 
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