
Salman & Rajab                         Iraqi Journal of Science , 2015, Vol 56, No.2A, pp:1185-1197 
 

__________________________ 
*Email:mahaabd44@yahoo.com 

 
1185 

 
Joint Source-Channel Coding for Wireless Image Transmission based 

OFDM-IDMA Systems 

Salah. A.  Salman*,Maha. A. Rajab 

Department of Computer Science, College of Computer,Al-anbar University, Anbar, Iraq. 
 
 

Abstract 

The source and channel coding for wireless data transmission can reduce 

distortion, complexity and delay in multimedia services. In this paper, a joint source-

channel coding is proposed for orthogonal frequency division multiplexing - 

interleave division multiple access (OFDM-IDMA) systems to transmit the 

compressed images over noisy channels. OFDM-IDMA combines advantages of 

both OFDM and IDMA, where OFDM removes inter symbol interference (ISI) 

problems and IDMA removes multiple access interference (MAI).  Convolutional 

coding is used as a channel coding, while the hybrid compression method is used as 

a source coding scheme. The hybrid compression scheme is based on wavelet 

transform, bit plane slicing, polynomial approximation model and absolute moment 

block truncation. The wavelet transform is exploited to decompose the image into 

approximation and detail sub bands, while the polynomial model is used to code the 

approximation image band. Simulation results show that the proposed system 

reduces distortion efficiently (i.e., preserving image quality) and achieves a simple 

method for image multiuser  transmission over wireless channels.  
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لاسلكیا باستخدام  الصورةالمصدر والقناة المشترك لنقل  ترمیز
  OFDM-IDMAمةنظأ

  و مها عبد رجب   *صلاح عواد سلمان

.قسم علوم الحاسبات ، كلیة الحاسوب، جامعة الانبار، انبار، العراق  

 

:الخلاصة  

في خدمات  التأخیرلك ذیقلل التشویش والتعقیدات وك أنترمیز المصدر والقناة لنقل القیم لاسلكیا یمكن 
لنقل ) OFDM-IDMA(في هذا البحث، تم أقتراح ربط ترمیز المصدر و القناة لأنظمة . الوسائط المتعددة

،  IDMAو  OFDMبین مزایا كل من   OFDM-IDMAیجمع. الصور المضغوطة عبر القنوات المشوشة
. MAIیزیل مشاكل الوصول المتعدد   IDMAبینما   ISIیزیل مشاكل التشویش المتداخل  OFDMحیث 

ج لترمیز ذتم أستخدامه كترمیز للقناة بینما طریقة الضغط الهجین تم أستخدامها كنمو التقلیدي ترمیز ال
متعدد الحدود  جذ،نمو بت تقطیع المستوي  ،یستند على تحویل المویجات ج الضغط الهجینذنمو .المصدر

لتفكیك الصورة الى التقریب ومناطق ) WT(ج یستفاد من ذنمو ال .التقریبي والتقطیع اللحظي المطلق للبلوك
نتائج المحاكاة . ج المتعدد الخطي تم أستخدامه لترمیز مناطق الصور المقربةذتفاصیل الفرعیة بینما نمو 

صور ال وینجز طریق بسیط لنقل) یحفظ جودة الصورة( أظهرت بان النظام المقترح یقلل التشویش بشكل كفوء 
  .القنوات اللاسلكیةعبر خدمین لعدة مست

 

1. Introduction 
The rapid growth of wireless communications has a request for robust multimedia transmission 

with high quality, coverage, more power and bandwidth efficiency. Due to restrictions on the wireless 
communication channels such as limited bandwidth increases the demand for efficient image 
communication system that does not consume more bandwidth in order to achieve better image quality 
[1,2]. Thus, compression may be required for image transmission over wireless channels, therefore, 
the compression is used to reduce the size of multimedia data transmitted over the communication 
channel via data compression techniques such as DWT, and may increase the performance of the 
communication systems [3]. When the redundant bits removed from the image it will fasting the data 
processing in the transmitter and receiver side. As well as, any data transmitted through a wireless 
channel may be corrupted because of the noise effect and another environment effects such as fading, 
multipath and thermal noise, and to minimize the error in received data there are many techniques are 
used to reconstruct the original transmitted data. One of these techniques can be used the channel 
coding and an efficient modulation technique for minimizing the bit error rate (BER) in the 
transmitted data [4,5]. Therefore, the design of an efficient communication system for progressive 
transmission of multimedia content such as images and video  over wireless channels has recently 
attracted a lot of interests because of the growing demands for wireless applications.  
The effects of compressed image transmission through additive-white Gaussian noise (AWGN) 
channels are studied in [6] and [7], using binary phase shift key (BPSK) modulation. The image is 
compressed using wavelet transform and it takes less time and space to pass through the channel as 
compared to the original image. The utilization of unequal error protection and median filter for the 
transmission of compressed images is investigated in [1] through noisy wireless channels typically 
encountered through cellular mobile networks. The hierarchical quadrature amplitude modulation 
(HQAM) is used in the transmitter side to provide unequal error protection (UEP) for  image data 
transmission, while the Median filter is used in the receiver side to eliminate the noise in the received 
image. However, future systems may need to provide support for each speech service and package 
data. Packet mode service probably includes high data rate transmission with each of the bandwidth 
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resources allocated to a single user, which is moderately simple for orthogonal frequency division 
multiple access (OFDMA) system, but not for code division multiple access (CDMA) system. Because 
of its spread spectrum characteristics, CDMA is not suitable for high data rate transmission via a 
single user [8]. Plain OFDM is vulnerable to vanishing in subcarriers. Individual solution to this 
problem is the utilization of forward error correction (FEC) coding over subcarriers. A different 
solution is OFDM-CDMA, in which all information bits are spread and transmitted through a number 
of subcarriers. OFDM-CDMA allows multiple users to divide common subcarriers. This avoids data 
rate loss, although at the cost of reintroducing multiple access interference (MAI), multi- user 
detection (MUD) is a convenient solution to the MAI difficulty. In the past, MUD is viewed as a 
expensively choice, but the situation has changed in recently growth in iterative processing techniques. 
Especially, the interleave division multiple access (IDMA) system allows a very small cost chip by 
chip (CBC) MUD method to be utilized. A disadvantages of IDMA is that its receiver difficulty still 
increases linearly with the number of paths, which can be a source of concern for very wideband 
systems [9,10]. Therefore, this work is dedicated to the investigation of the OFDM-IDMA system that 
combines most of the characteristics of the multiple access schemes such as (OFDMA, CDMA, 
OFDM-CDMA and IDMA).  

In this paper, the main contribution holds in the consideration of the OFDM-IDMA system with 
joint hybrid compression techniques [11]  and convolutional coding for image transmission. The 
system has been rarely studied and tested with such joint coding in wireless channels. In Section 2, the 
proposed OFDM-IDMA system with joint source-channel coding is described. Section 3 is devoted to 
the simulation results and discussion.  Conclusions are drawn in Section 4. 
 
2. Joint Hybrid Compression- Channel Coding Based OFDM-IDMASystem  

The transmitter-receiver of the proposed OFDM-IDMA system with K simultaneoususers are 
illustrated in figure-1 and figure-2, respectively. The system encoder can be divided into a source 
encoder (compression), a channel encoder (i.e. convolutional encoder) and modulator. The source 
encoder reduces or eliminates the redundancy in the original information. A simple hybrid lossy image 
compression scheme in [11] is used as a source encoder, it is based on combining effective techniques, 
wavelet transform, bit plane slicing, polynomial approximation modeland absolute moment block 
truncation. Wavelet transform is used to decompose the image signal followed by polynomial 
approximation model. The errors caused by applying polynomial approximation is coded using bit 
plane slice coding. The absolute moment block truncation coding is exploited to code the detail sub 
bands. Then, the compressed information is encoded using LZW, run length coding and Huffman 
coding techniques. However, the used compression scheme is simple to implementand it can produce a 
balance between the compression performance and preserving the image quality. 

The channel encoder introduces redundancy in a controlled manner in order to combat errors that 
may arise from channel defects and noise. It increases the reliability of transmission and reduces 
power transmission requirements. Simple channel coding schemes allow the receiver of the 
transmitted data signal to detect errors, while more sophisticated channel coding schemes provides the 
ability to recover a limited about of corrupted data. This result in more reliable communication, and in 
many cases, removes the need for retransmission. The channel decoder will detect and correct the 
errors. There are many algorithms used for channel coding such as convolutional coding, Reed 
Solomon codes and turbo codes. One way to compare algorithms is to compare their performance in 
terms of the speed with which they solve the problem [12]. 
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Figure 1-The Proposed transmitter structure of the OFDM-IDMA scheme with K active users. 
 

 A. Transmitter Structure  

At the transmitter side in figure-1, it is supposed there are ܭ users, let ݀௞ be the data stream of 
user-݇. This data stream is encoded by a  source encoder such as hybrid compression coding  and 
channel encoder (forward error correction (FEC) code) such as convolutional coding. The output ܾ௞ is 
spreaded using  repetition code to generate a chip sequence ܥ௞ ௞ܥ .  is then interleaved by user specific 
interleaver {Π௞} to produce a transmission code sequence ܺ௞ [13]. The chip sequence ܺ௞  is baseband 
modulated, various modulation schemes could be employed such as BPSK, QPSK and QAM. The 
modulation is performed on each parallel sub stream. The data symbols are parallelized in ܰ different 
sub streams. Each sub stream will modulate a separate carrier through the inverse fast Fourier 
transform (IFFT) modulation block, which is in fact the key element of an OFDM [14]. The main role 
of the IFFT is to modulate each sub channel onto orthogonal carriers. The cyclic prefix (CP) is 
inserted in order to eliminate the (ISI) and inter-carrier interference (ICI). Acyclic prefix is a repetition 
of the first section of a symbol that is added to the end of the transmitted signal [15]. The resulted 
signal is then transmitted through the multiple access channel. These steps can be listed as 
 
Step1: Load the input uncompressed gray scale image I of size N×N, and apply two-layered wavelet 

transform.Then, perform the polynomial prediction for the (LL2) subband  using the following: 
1- Partition the LL2 into non-overlapped blocks of fixed size n×n, and performs the polynomial 

representationusing equations (3,4,5) [16]. 
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where ),(2 jiLL is the second approximation subband of the original image block  and  
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2-Apply uniform scalar quantization to find the polynomial approximation coefficients,
0aQ ,

1aQ ,

2aQ  , using equations (7,8,9) [16]. 
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where  
0aSQ ,

1aSQ
2aSQ  are the quantization steps of the polynomial coefficients and

0aD  ,
1aD

,
2aD  are polynomial dequantized values. 

3- Construct the predicted image value I~ using equation (10)and find the residual error using 
equation (11) 
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4- Mapping the residual image to positive values using equation (12) and then apply the bit plane 
slicing techniques. 
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5-Quantize the slice residual image of high order layers (layer4 to layer7) using equations (13-16) and 
thencreate the residual image ),(~ jiR from the dequantized high layers. 
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Step 2: For the other detail sub-bands ),,,,( 111222 HHandHLLHHHHLLH  the absolute moment block 
truncation coding (AMBTC) is exploited using the following. 

1- Partition the subband into non-overlapped blocks of fixed size m×mwhere m<=n . 
2- Compute the mean of the partitioned block as  
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where ix represent the thi  pixel value of the image block with  total number of pixels m. 
3-Divide the pixels in the image block into two ranges of values,  upper range and lower range 

according to the equations (17,18) and then create the binary imageܤ using equation (19). 
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whereK is the number of pixels whose gray level is greater than x . 
 Step 3:  Use encoder, LZW and Run Length Coding to code the compress information (B , detail 

subbands layers, the coefficients and quantized residual image), and then apply Huffman 
coding. 

Step 4:The compressed information bits are protected by using convolutional channel encoder. In the 
channel coding, redundancy is introduced and the output is a codeword. The output of the 
encoder is further processed by a simple repetition code or spreader, which is utilized to give 
the system MAI protection.The coded bits are permuted by a user-specific interleaver, 
{Π௞}, to facilitate a chip detection strategy. 

Step 5: Use QPSK modulation to modulate the code sequence before the IFFT, which is used to 
modulate each subchannel onto orthogonal carriers. The resulting signal is then transmitted 
over the wireless channels. 

 
B. Wireless Transmission Channels 

The wireless channels can be used to send a signal from the transmitter to the receiver. It usually 
causes signal dilution and introduces noise, which may lead to severe loss or degradation of the quality 
of the reconstructed signal [4]. The transmitted signals often do not reach the receiving end directly 
because of the obstacles blocking the line-of-sight (LOS) path. Multipath propagation occurs due to 
reflection, diffraction and scattering caused by buildings, trees and other obstacles. Therefore, the 
received signal consists of a sum of all the reflected and scattered waves. Depending on the effect of 
multipath, there are two main types of fading Rician Fading and Rayleigh Fading. The Rician fading 
occurs when there is a LOS path available along with the number of indirect multipath signals, while 
in Rayleigh Fading, there is no line of sight [17].  
 
 
 

 
 
 
Figure 2- The proposed receiver structure of the OFDM-IDMA system.  
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C. Receiver Structure 
The received signal is passed through OFDM demodulation before iterative multiuser detection 

process as shown in figure-2. The demodulation process includes fast Fourier transform (FFT) and 
removal of CP. The received signal after OFDM demodulation can be written as  

)21()()()()( jZjXjHjr
K

KK    

where )( jZ is the FFT of the additive Gaussian white noise (AWGN)with varianceߪଶ  in each 
dimension, i.e. ));(()( jzFFTjZ  Hk(j) is the channel fading coefficientsin frequency domain of 
jth  carrier. Then, the signal passes through iterative turbo detection of IDMA. The iterative detection 

consists of elementary signal estimator (ESE) and channel decoders (DECS).The ESE unit generates 
posterior log-likelihood ratio (LLRS), eESE(xK(j)) of the given signal xk(j) as  
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The eESE(xk(j)) is sent to the decoders after user-specific deinterleaving and despreading operations. 
The decoders generate the bit-level extrinsic LLRs eDEC (xk(j)), which are also processed by the 
interleavers and the spreaders [13,18]. The ESE is used to reduce MAI and the interference generation 
process regenerates the interference due to user k by reconstructing the original transmitted signals of 
one or more users.As the operation progresses, the estimates of the MAI improves and, in later stages 
of the iterative scheme, the data estimates  after source decoding of all the users have been obtained. 
The detection process for receiver is carried out as follows: 
 
Step 1: Apply the FFT on the time-domain received symbols after removing the cyclic prefix, where  

the duration of CP is assumed to be longer than the maximum channel delay. 
Step 2:  After OFDM demodulation, the detection algorithm in [20 ]  for complex single-path channel 

can be applied. The iterative process includes two main operations   
1. Estimate the signal that is carried out by the elementary signal estimator (ESE) under the 

Gaussian approximation.  
2. Process the outputs of the ESE using the posteriori probability decoder error correction (DEC). 

The channel decoding is used to reconstruct the original information bitstream using the 
protection bits inserted by the channel encoder. The results are used to refine the estimatesof  
signal to be used in the next iteration. 

Step 3:  The compressed data after last iteration  is entered to the source decoder to reconstruct the 
image ܫመ , using hybrid compression system in [11]. The reconstruction unit of source decoder, 
starts by applying the inverse process that reconstruct the detail sub bands by replacing the 1 
with XHand 0 with XLas  
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             The coefficients with the residual are utilized to reconstruct the approximation subband of 
the second layer as  
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            Finally, applying the inverse wavelet transform to reconstruct the original  imageusing  
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3.  Simulation Results and Discussion 

In this section, simulation  results of  the gray image transmission using  OFDM-IDMA system  
with the source-channel coding are presented and compared with those of  OFDM-IDMA system 
without channel coding over wireless multipath channels.The bit error rate (BER) and signal to noise 
ratio (SNR) are used to evaluate the performance of the transmission system using the formula given 
in [7, 19]. 

)24(BitsdTransmitteofNumberTotalBitsErrorBER   
)25(ob NESNR   

whereEb is the bit energy and Nois the noise power spectral density in decibels (dB). BER is 
inversely related to SNR, as SNR increases the BER decreases and vice versa.For the transmitter  side,  
four standard imagesof 256 gray levels (8 bits/pixel) -  Lena, Pepper,  Camera-Man and Girl– shown 
in figure3 a-d for four active users are compressedusing hybrid compression approach, coded using 
convolutional, spread by repetitive code, interleaved and modulated before IFFT, finally mixed 
together to go into the wireless channels. The channels have been modeled by using Rayleigh mode 
for flat fading channel, which has three different paths one chip delay between first path,  second, and 
third path for each user. For the receiver on the wireless base-station side, we will try to restore the 
transmitted images. In the simulation, 4-QAM has been used as the modulation technique. CP is 
considered  to overcome or decrease the nulls that result from fading channels in addition to the usage 
of equalizer.The simulation parameters are summarized in Table 1. 
 
Table 1-OFDM-IDMA system Parameters 

 

 

 

 

 

 

 
 
 

 
 
 
 
 
 

Parameters 
 

Values 
 

Digital modulation 4-QAM 
Block size for the image 2×2 
Quantization step for the polynomial coefficients  64, 64, 64 
Quantization step for the residual 32, 32, 32, 32 
FEC codes Convolutional coder 
Code Rate, Constraint length of convolution 1/2, 5 
Generator polynomial, dfree [23 35]8 , 5 
Number of users ( K ) 4 
Block size 100 
Spread length 8 
Bandwidth 4 KH 
Number of paths 3 

 
 

Figure 3-( a, b, c & d )- Overview of the tested images of size 256×256, gray scale images, Lena, 
Pepper, Camera-Man and Girl respectively. 

a b c d 
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The block size  plays an essential role in the process, the block size of (2×2) gives high image 
quality, while increase the block size to (4×4) the image quality become less[11]. Therefore, the 
quantization step for the polynomial coefficients was selected to be 64 levels for block size (2×2). In 
other words, increase the block size gets better  compression ratio with high bit errors and vice versa. 
Figure-4  illustrates the received images of OFDM-IDMA system at different SNR values and for four 
active users without convolutional coding. The figure also shows the effect of noise in the channel for 
all reconstructed images, when SNR=0 dB the BER is 1.5×10-1 and BER is equal to 5×10-5 at SNR=10 
dB.  For low  SNR values,  the data of transmitted images is corrupted and the hybrid lossy image 
compression method was affected by such noisy channel that blurred the signal details (i.e., 
degradation in the quality of image), then it is difficult to reconstruct high quality images. For  high 
SNR values, the BER decreases and preserving the quality required. From these images, we could also 
see that there are interference which look like a black-points of each of the four images. Thus for 
certain blocks of the transmission the overall interference caused by the fading effect might be more 
severe than for other blocks. Due to the nature of image signals, we could not simply add a low-pass 
filter at the final receiving stage, since this would blur the edge detail of the image. However, the 
compressed stream is more vulnerable to channel errors, thus error control coding techniques are used 
along with images to reduce the effects of channel errors.  

The simulation results of the coded OFDM-IDMA with the same fading and MAI conditions is 
shown in Figure-5. The  receiver can recover the original signal almost perfectly. The images restored 
in figure-4  at less than 4 dB were severely damaged.  To handle this interference,  channel coding is 
used and we can see that these images in figure-5 have best performance than those in figure-4. It is 
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Figure 4-  The received images of OFDM-IDMA system at different SNR values and for four different 
users without convolutional coding. 
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also obvious from comparison BER performance in figure-6 for Lena image that, coded system works 
quite well, while uncodedsystem  performs the worst. The convolutional coding  is utilized efficiently 
to minimize BER, as example, the BER for the uncoded scenario is  6×10-3  at SNR=5 dB and 7×10-6  
for  coded scenario.  In case of uncoded system, the performance does not drop highly as the 
subcarriers have already overcome the fading problems. Further, by small increase of the power of 
signal or SNR, the picture would be received quite perfect and the distortion would be decreased in the 
reconstructed images.As the number of active users increases, the residual MAI impairs detection, 
which in turn effects the amount of ISI removed, and more iterations in the MUD are generally needed 
to achieve excellent performance. 

However, the images can be transmitted by using the proposed receiver, through the MAI 
environment and recover the data with high accuracy with using the channel protection. If combined 
with equalization techniques to trace the channel coefficients, this method also have good performance 
in high noisy environments. All the simulations were implemented on a PC with thefollowing 
specification;Pentium 4,CPU@ 2.20GHz and RAM 8.00GB. The hybrid compression transforms of 
images as well as OFDM-IDMA receiver were implemented by Matlab, other parts of the simulation 
program including  convolutional coding were implemented by C. 
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Figure 5-  The received images of OFDM-IDMA system at different SNR values and for four different 
users with convolutional coding. 
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4. Conclusions 

In this paper,  hybrid compression technique and convolutional coding based OFDM-IDMA system 
is proposed for image transmission over wireless multipath fading channels. The simple hybrid lossy 
image compression scheme is used to  reduce the redundancy in the original information. The scheme 
is based on wavelet transform, bit plane slicing, polynomial approximation model and absolute 
moment block truncation. However, the compressed streams are extremely sensitive to the bit errors, 
which can severely degrade the quality of the transmitted images. Therefore, the application of error 
control codes such as convolutional coding is very useful and can improve the performance under 
MAI and recover the images contaminated by MAI to their original shape. The simulation results have 
shown that the image quality and BER value are inversely related to the SNR value. The system with 
channel coding performs better than the system performance without coding under the same MAI and 
channel conditions. However, these results clearly show the efficiency of the proposed  multicarrier 
transmission system, which can be used as an attractive technique for high speed data transmission. 
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