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Abstract
With the rapid growth of wireless communication systems there 
is an increasing demand for efficient image transmission. In 
Electronic Toll Collection System (ETC) the violation enforcement 
team should get an image of traveller’s number plate from Toll 
Plaza point for tracking the traveller’s information to inform 
travellers about their toll fee. Combined source-channel 
coding approach is described for the encoding, transmission 
and remote reconstruction of image data. More specifically, 
a combined source-channel coding approach is necessary in 
optimally allocating rate between source and channel coding 
subject to a fixed Constraint on overall transmission bandwidth.  
In this paper the source-channel coding is implemented using 
Lab view. The results for specific source and channel coding 
schemes show marked improvement over suboptimum choices 
of channel error protection. In addition, the results approach 
information-theoretic performance bounds which are developed 
in this work.
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I. Introduction
Electronic Toll Collection (ETC) is a technology that allows for 
electronic payment of tolls. An ETC system is able to determine 
if a car is registered in a toll payment program, alerts enforcers 
of toll payment violations, and debits the participating account.  
With ETC, these transactions can be performed while vehicles 
travel at near highway cruising speed.  ETC is fast becoming 
a globally accepted method of toll collection, a trend greatly 
aided by the growth of interoperable ETC technologies. ETC 
system typically includes four components: Automatic Vehicle 
Identification (AVI), Automatic Vehicle Classification (AVC), 
Transaction Processing and Violation Enforcement.
The automatic vehicle identification (AVI) component of an 
electronic toll collection (ETC) system determines vehicle 
ownership for charging purposes. Generally, tolls are 
differentiated by vehicle class. A vehicle’s class can be 
determined by the physical attributes of the vehicle, the number 
of occupants in the vehicle, the vehicle’s emissions, and the 
purpose for which the vehicle is being used at the time of 
classification (or some combination of these determinants). 
Some toll agencies use as many as 15 or more vehicle classes 
to assess tolls, although for ETC applications, four or five classes 
are more typical. To classify a vehicle, a variety of vehicle 
sensors are used. Treadles count the number of axles as a 
vehicle passes over them. Light-curtains and laser profilers 
record the shape of the vehicle, which can help distinguish 
trucks and trailers. Advanced Inductive Loop sensors 
embedded in the road surface can determine length, speed, 
and number of axles of vehicles at highway speeds. Vehicle 
Telematics systems may be used for a number of purposes, 
including collecting road tolls and managing road usage.  ETC 

systems may use GNSS (Global Navigation Satellite Systems) 
technology to reduce infrastructure costs and to facilitate 
regional tolling variations such as pollution-tax for highly 
polluted areas. Automatic number plate recognition (ANPR) is 
sometimes known by various other terms: automatic license 
plate recognition (ALPR), automatic vehicle identification (AVI), 
car plate recognition (CPR), license plate recognition (LPR), or 
electronic number plate (ENP) recognition. ANPR is used for 
ETC enforcement as well as identification-for-tolling purposes. 
Automated number plate recognition (ANPR) technology is used 
for enforcement with cameras that capture pictures of license 
plates of vehicles that fail to relay a usable tag ID. Information 
regarding the owners of such vehicles is obtained from the 
State’s vehicle registry. The major problem with ANPR is some 
inaccuracies that require manual verification. Inaccuracies 
may be due to lack of plate standards, dirty and damaged 
plates, incorrect plate mounting, differences in vehicle design 
and plate position, and ambiguity/similarity in letters/numbers 
(e.g. London VES errors arose from the similarity of letter O and 
number 0). Closed-circuit television cameras such as these 
can be used to take the images scanned by automatic number 
plate recognition systems. Optical Character Recognition (OCR) 
software to provide for Automatic Number Plate Recognition 
(ANPR), either at the lane or as a back office function. 
Communications is an important part of everyone's life. We 
owe the speed and accuracy in communication systems to 
the contributions of many researchers and scientists. Most of 
the major developments in the history of communications has 
happened in the past century and the growth in communications 
systems over the last 50 years has been phenomenal. The basic 
communication system can be described as a system designed 
to send messages reliably from a source to a destination.
There are two major problems associated with the transmission 
of compressed images, like JPEG, over noisy channels. The first 
problem is recovering from channel errors introduced by noise, 
interference, or fading. The second one is recovering from loss 
of synchronization which arises due to the presence of variable 
length coding. Source-channel coding (SCC) addresses these 
problems electively by carefully choosing the channel code 
rate to match the properties of the source code as well as the 
conditions of the channel.
There has been a great interest in developing new wireless 
communication systems capable of not only sending voice 
signals but also images and video over mobile radio wireless 
links. This is to meet the ever increasing demand for multimedia 
services fueled by the surge in Internet utilization and the 
need for accessing different types of information while on the 
move. However, sending images and video signals require a 
communication system capable of sending at high data rates 
in the order of few Mbps, with low bit error probability. This 
is deemed to be very challenging due to the harsh nature 
of the wireless channels caused by multipath propagation 
and mobility of users. To meet these requirements, wireless 
communication systems that efficiently utilize the system 
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resources are sought. These resources include transmission 
bandwidth and transmitted power.
Several studies have addressed the topic of resource allocation 
in wireless communication systems to overcome the time 
varying nature of wireless channels. An effective approach 
that improves the quality of signal transmission over wireless 
channels is channel coding which is typically considered as a 
main component of any wireless digital communications system. 
However, there is an increase in the required bandwidth (or 
equivalently reduction in the data rate) due to channel coding. 
Thus, it is always desired to minimize the overhead incurred 
by the channel coding scheme while meeting the applications’ 
requirements in terms of the bit error rate (BER). A common 
problem with channel coding schemes is their degraded 
performance at low values of the received signal-to-noise ratio 
(SNR) and the unnecessary overhead when designed for worst 
case SNR values. To overcome this problem, adaptive channel 
coding schemes have been proposed to take advantage of 
knowledge of the channel status and/or the information being 
transmitted. In some systems, like second generation GSM 
mobile radio systems, channel coding is used selectively for 
message bits that carry more information while no coding is 
used for less important bits. A variation of the channel coding 
approach is joint source/channel coding.
In almost all such combined design techniques for digital 
images and videos, the goal is to minimize distortion with a 
constraint on a resource such as available data rate, bandwidth, 
transmission power, latency, etc. To be able to design combined 
coding schemes for real time image and video communication 
applications, it is necessary to have an estimate of distortion 
at different source coding rates and channel coding conditions 
that can be used for coding and transmission in real time. 
High speed and high quality are always demanded of 
communications systems. As one of the approaches for achieving 
these requirements, the development of error correcting codes 
that correct more errors is attracting attention. Low-density 
parity-check codes (LDPC codes) are known as powerful codes 
that are able to perform close to the Shannon limit. Therefore 
several standards have decided to adopt LDPC codes, and 
implementation is taking place gradually. At the same time, 
in the data storage field, the advent of high definition displays 
and high-definition television broadcasting has stimulated 
technological developments such as Blue-ray Disc discs and 
holographic memories that can record large volumes of data. 
High-density recording techniques are essential to achieving a 
large storage capacity. The data (strength of magnetic field or 
reflected light) which is read from the recording media is weaker, 
and so likely to be more susceptible to errors. Consequently, 
in order to achieve high-density recording that maintains the 
same data quality, still stronger error correcting codes are 
needed. This situation is similar to that in a communication 
system, in which increases in speed must maintain the same 
communication quality. LDPC codes are an area of active 
research in advanced communication systems, advanced data 
storage systems, and similar systems.
The prime examples of codes on graphs are low-density parity 
check (LDPC) codes. Extensive simulation results showed that, in 
many channels (such as additive white-noise Gaussian (AWGN) 
channel, binary symmetric channel, and Erasure channel), LDPC 
codes perform nearly as well as earlier developed turbo codes. 
The theory of codes on graphs has not only improved the error 
performance, but has also opened new research avenues for 

investigating alternative suboptimal decoding schemes, such 
as belief propagation. The belief propagation algorithms and 
graphical models have been developed in the expert systems 
literature by Pearl [9] and, in the case of LDPC codes, are at 
least an order of magnitude simpler than the turbo decoding 
algorithm.

II. System Description

Fig. 1: Basic Block Diagram

Fig. 1 depicts the block diagram that characterizes the proposed 
scheme. Initially, the image or video signal is converted from its 
analog format into a digital format, i.e., the signal is sampled, 
quantized, and coded into M bits per sample (pixel) where in 
this context one sample represents one pixel. The modulation 
scheme considered in this paper is a binary phase shift keying 
(BPSK) digital communication system. In this system, the bit 
stream is first processed by the coding block then by the power 
allocation algorithm. In more details, the bit stream will be 
divided into frames of size N bits. Typical frame duration is 20 ms 
as used in second and third generation mobile radio standards, 
however smaller values could be used to reduce the encoding 
delay. Frames are then de-multiplexed into parallel streams 
(recall that M bits are used per pixel). Demultiplexing is carried 
in a way such that each of those M parallel streams contains 
bits of similar importance. In other words, most significant bits 
of consecutive samples (pixels) are placed together, then the 
next most significant bits, and so on. Each stream of bits will be 
either fed to the channel encoder or passed without encoding 
according to the control vector set according to the operating 
energy per bit-to-noise power spectral density (Eb/N0) of the 
system. Although convolution coding is used in this paper, 
other encoding schemes may be used. The M outputs of the 
channel encoders are multiplexed together. The received signal 
is processed using a matched filter and convolutional decoding 
using the Viterbi algorithm to obtain the original information bits. 
Decoded bits are then regrouped so that bits belonging to one 
sample (pixel) are placed in their proper order. Finally, digital 
to analog conversion is used to reconstruct the original image.  
The transmitted BPSK signal during a frame is represented 
as:

                  (1)
where is the transmitted power for the symbols in the  stream,  
is either the  code symbol or the  data bit depending on whether 
coding is used or not, g(t) is a rectangular shape pulse of the 
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transmitted signal,  is the symbol duration,  is either one or 
the code rate depending on whether coding is used or not, and 
L = N/M is the number of bits per stream which is assumed 
to be integer valued. Sending messages through the channel 
with index ranging from 1 to M, the number of distinct possible 
messages. To encode the M messages to n bits, then the rate 
R can be given as:

                                                                 (2)

The channel capacity C for the AWGN channel is given by:

                                                  (3) 
                                    
Where P is constrained power. The AWGN channel is a good 
model for many satellite and deep space communication links. 
It is not a good model for most terrestrial links because of 
multipath, terrain blocking, interference, etc. However, for 
terrestrial path modeling, AWGN is commonly used to simulate 
background noise of the channel under study, in addition to 
multipath, terrain blocking, interference, ground clutter and 
self interference that modern radio systems encounter in 
terrestrial operation. The additive white Gaussian noise (AWGN) 
is represented by n(t) with zero-mean and two sided power 
spectral density of N0/2. 
 
In digital transmission, the number of bit errors is the number 
of received bits of a data over a communication channel that 
has been altered due to noise, interference, distortion or bit 
synchronization errors. The bit error rate or bit error ratio 
(BER) is the number of bit errors divided by the total number 
of transferred bits during a studied time interval. BER is a unit 
less performance measure, often expressed as a percentage. 
The bit error probability pe is the expectation value of the BER. 
The BER can be considered as an approximate estimate of the 
bit error probability. This estimate is accurate for a long time 
interval and a high number of bit errors.

BER = Number of erroneous Bits /Number of transmitted 
Bits.

The packet error rate (PER) (or symbol or block error rate) is the 
number of incorrectly transferred data packets (etc.) divided by 
the number of transferred packets. A packet is assumed to be 
incorrect if at least one bit is incorrect. The expectation value 
of the PER is denoted packet error probability pp, which for a 
data packet length of N bits can be expressed as
             pp = 1 − (1 − pe)

N                                        (4)
In a noisy channel, the BER is often expressed as a function of 
the normalized carrier – to- noise ratio measure denoted Eb/N0, 
(energy per bit to noise power spectral density ratio), or Es/No 
(energy per modulation symbol to noise spectral density).
For example, in the case of QPSK modulation and AWGN 
channel, the BER as function of the Eb/N0 is given by: 
        BER = 1 / 2erfc (Eb / N0 / sqrt(2))                (5)
The BER is the likelihood of a bit misinterpretation due to 
electrical noise w(t). Considering a bipolar NRZ transmission, 
we have x1(t) = A + w(t) for a "1" and x0(t) = − A + w(t) for a "0". 
Each of x1(t) and x0(t) has a period of T. Knowing that the noise 
has a bilateral spectral density,

x1(t) is                                (6)

and  x0(t) is .                   (7)

Returning to BER, we have the likelihood of a bit 
misinterpretation
            pe = p(0 | 1)p1 + p(1 | 0)p0.

         (8)

        (9)      
Where λ is the threshold of decision, set to 0 when
                 
               p1 = p0 = 0.5.                                       (10)

We can use the average energy of the signal E = A2T to find 
the final expression:

                          (11)

III. Implementation in Lab VIEW
Laboratory Virtual Instrumentation Engineering Workbench 
(LabVIEW) is a platform and development environment for 
a visual programming language from National Instruments. 
The purpose of such programming is automating the usage of 
processing and measuring equipment in any laboratory setup. 
LabVIEW is commonly used for data acquisition, instrument 
control, and industrial automation. 
In this first the image is given to IMAQ read file where the 
image is read from a file and then the image is converted 
into array using IMAQ image to array block then the rows and 
columns of image pixels are calculated and all are initialized 
with zeros and now by using the math script node the image 
is converted into binary bits. Now the binary image is applied 
to PSK modulator then AWGN noise is added and decimates 
the over samples and then the bits are passed through BER 
block for BER calculation. This process is repeated for “with 
coding” by first passing the binary data to convolution coding 
block followed by above process followed by decoding and BER 
block. The graph was plotted between theoretical, no coding 
and with coding of binary data that was obtained from the 
original image.
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Fig. 2: Flow Chart

IV. Results and Discussion

Fig. 3: Original Image

Fig. 4: Received Image

Fig. 5 shows  “Eb/No Vs BER” graph for convolution coding 
with  “Theoretical (white)”, “No coding (red)” and “With coding 
(green)”.These figures show that the theoretical and no coding 
have same bit error rate and when we use convolution coding 
we get less bit error rate compared to the other two plots. From 
Fig. 3 and Fig. 4 we can observe the original and received 
images.

Table 1: Eb/No and BER values for Convolution Code
Convolution 
code BER

Eb/No Theory No coding
With 
coding

5 0.008 0.008 0.005

5.5 0.006 0.006 0.003

6 0.004 0.004 0.0008

6.5 0.002 0.002 0.0005

7 0.00085 0.00085 0.0003

7.5 0.0005 0.0005 -

8 0.0003 0.0003 -

 Table 2: Eb/No and BER values for LDPC Code
LDPC code BER

Eb/No Theory No coding
With 
coding

5 0.007 0.05 0.02
5.5 0.005 0.04 0.01
6 0.003 0.03 0.005
6.5 0.0015 0.02 0.001
7 0.0009 0.015 0.0005
7.5 0.0005 0.01 0.0001
8 0.0002 0.008 0.00005
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Fig. 5: BER vs Eb/No graph for Convolution Coding

                          
Fig. 6: BER vs Eb/No graph for LDPC Coding
                                                            

Fig. 7: BER vs Eb/No graph for Reed-Solmon code,LDPC and 
Convolution Codes

Fig. 6 shows the Eb/No vs BER graph for LDPC code that are 

plotted for theoretical, no coding and coding with LDPC. From 
the graph it is clear that the bit error rate decreases when 
LDPC codes are used compared to theoretical and Practical 
no coding conditions.
Fig. 7 shows the Eb/No graph for all the codes i.e., Convolution 
codes, LDPC codes, in this paper.
Tables 1 and 2 shows the values of Eb/No Vs BER Values for 
convolution coding, LDPC codes and Reed-Solomon coding 
separately. From these values it is clear that use of LDPC codes 
and Reed-Solomon codes give better performance than the 
other conventional methods.   
The implementation in Lab View reduces the complex complexity 
of the codes and gives better performance than other methods. 
In this paper we can get the gain that is less than 2 db.

V. Conclusions and Future Scope
In this paper, we presented a model for transmitting the images 
over wireless channels in ETC. It can be used for designing 
efficient SCC techniques for transmission of a large set of images 
over noisy/fading channels, with no need of carrying out the 
associated optimization procedures again for each image and 
varying channel conditions; It eliminates the image dependence 
of the designed SCC schemes, hence, significantly reducing 
the computational complexity for real-time applications. The 
implementation in lab view gives a better and reliable results 
compared to matlab.This work can be extended for optimization 
and turbo codes in lab view.
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