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Abstract 
Using Moore’s Law, engineers and scientists have ability to place smart and powerful IC devices, 
with increasingly complex systems on a chip (SoC).  This thesis describes the technology of rapid 
prototyping in the field of communication systems. Reconfigurable technologies always help in the 
construction of flexible systems (where hardware and software can be changed at any time during its 
execution). With growing developments in the field of communication systems, DSP is now the 
heart of every communication system; engineers are consequently looking for a smart and reliable 
platform to enhance their production to meet future challenges. This thesis presents a DSP-based 
theoretical survey of rapid prototyping in communication systems. An attempt has been made to 
cover every prototype issue in this theoretical survey. The objective is to make an evaluation to 
judge whether it is feasible for practical educational and research purposes. The test design proposed 
in this thesis for the evaluation is a simple DSP-based Correlator. 
 
Scientists and engineers are looking for a smart system which can provide end results, in order to be 
implemented in practical, real time environments and for research and educational purposes in 
universities. 
 
Previously we needed to make a hardware PCB for algorithm testing, especially when we had 
complex algorithms which involved a great deal of  work, but with the help of this thesis and other 
research projects this area of rapid prototyping we are beginning to  make some progress in the right 
direction. 
 
The tool chain plays a key role for the development in terms of the evaluation of rapid prototyping in 
communication systems. Currently the available methods to design a system require a great deal of 
time and money along with the efforts of many skilled researchers. Rapid prototyping is a shortcut 
with regards to these usual methods with appropriate tools to achieve the goal.   
 
In this thesis our main focus is on MATLAB, SIMULINK, REAL TIME WORKSHOP and the 
appropriate Texas Instruments products (Code Composer Studio and Target DSP), to achieve  
maximum performance and reduction of development time. The tools which are discussed are 
actively involved in the design process of systems using the rapid prototyping development 
technique. The basic system design is conducted using the model based on the design of tools in 
Math Works software, consisting of MATLAB and SIMULINK using their tool and block sets.  
 
Using these tools many applications for educational purposes and on a commercial level have been 
implemented [2]. Here a DSP application, an FFT-based (Fast Fourier Transform) Correlator is 
proposed that measures the phase delay of the two transmitted base band signals that are sampled at 
different rates. Four major phases are involved for the purposes of rapid prototyping : 1) - the system 
algorithm is designed and implemented in MATLAB and SIMULINK, 2) – generation of the 
standard ANSI C code for this designed model has been done by using REAL TIME WORK SHOP, 
3)- implementation of this C code on DSP/Microprocessor-based hardware using an interface and 
4)- carrying out a performance evaluation of this tool chain, i.e. whether it is feasible for practical, 
commercial and educational research purposes, and how these developments are overcoming the 
barriers for the implementation of DSP algorithms in communication systems for commercial and 
educational use. The tool chain acts as a bridge in between the input resources and output results 
after implementation on hardware. Chapter 1 presents an overview of the thesis. Chapter 2 describes 
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the main tools involved in the rapid prototyping revolution. Chapter 3 describes the role of every 
tool in the flow of rapid prototyping processes. Chapter 4 provides an overview of the previously 
implemented systems using rapid tool chains, their results and our proposed model and 
recommendations. Chapter 5 concludes the results grasped from the previously implemented tool 
chains and theoretical survey made in this thesis.  
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1   Introduction 
Wireless products are one of the most popular due to their cheap cost and reliability; even then the 
communication is not a simple mechanism, because many users want to communicate with each 
other at the same time. It increases the complexity involved, the overall cost, and the power 
consumption of the product. 
The innovation of the digital signal processor (DSP) is one of the key factors behind the rapid 
progress in wireless communication systems and digital multimedia applications [9]. Where the DSP 
algorithms based on real time applications are very effective and less error-prone (eliminate noise) at 
the same time their implementation is very complex. The complexities of DSPs have been increased 
as a result of Moore’s Law [25] and with that, increased complexity of software development in 
these systems. With the complexity of software increases it becomes more error prone and more 
expensive in terms of man hours for development, testing and verification. The testing and 
verification alone of implementations can occupy whole teams of test engineers for months [26]. 
Software engineers dealing with signal processing applications traditionally spend more time 
converting mathematical models or abstract algorithms into executable programs. This manual 
design process is often time consuming and costly, leaving many flaws in the design process and in 
the final result, the system failure probability is very high. A manual design process often lacks any 
inherent incitements that guarantee the reliability of the system, especially when the system becomes 
more and more complex.  Rapid prototyping tools allow engineers to spend more time on the design 
of the algorithm. However the end results come with the level of quality that the code generation 
tool can provide [1]. An implementation has a large number of quality characteristics, examples of 
which are: reliability, cost-effectiveness, energy consumption, short time to market and ability to 
verify the system functionality before releasing it. For a company in this market segment to be 
competitive, it needs to be time-efficient and deliver high quality products [19]. 
MATLAB/SIMULINK and its tools provide supportive environments to highly efficient design 
specifications, verification, and ANSI C code generation for a large set of hardware platforms e.g. 
DSP/ Microprocessor or FPGA.  
 
The purpose of this thesis is to evaluate a rapid prototyping tool chain based on Mathworks tools e.g. 
MATLAB, SIMULINK, RTW and their tool sets. Mathworks tools can provide a complete set of 
tool chains for various types of target DSP hardware, involved in model-based design and Real-
Time software implementation on a large set of different DSP hardware. The main goal of this thesis 
is to investigate if these tools are valuable for commercial design in general and especially for 
educational purposes at Halmstad University. The tool-chain covers the entire system development 
process, including algorithm design, modelling, analysis, code generation, and practical 
implementation on the target hardware platforms. Here the emphasis is placed on the evaluation of 
how such the tool chains are integrated. By gathering all relevant information explicitly in models at 
the design level, and performing analysis that provides insight into functional aspects of the system, 
this process can be facilitated. 
 
If the system is designed using code generating tools, standard high level code is generated as an 
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output against our model base on model base design in SIMULINK. It provides the inherent iterative 
design process with the ability to check and verify the system at the different levels of abstraction. 
  

1.2-Motivation 
When we are talking about the high technology development environment which is defined by high 
rate of innovation from one product to another, we need to discuss today’s wireless communication 
systems where the traditional design process does not meet out our requirements. 
 
It is very time consuming to design DSP algorithms for advance real time applications like UMTS, 
WCDMA, and base band processing in wireless receivers. It does not matter how much skill one 
has, it is still a time consuming and tedious job to design for these kinds of applications.  
This thesis investigates how rapid prototyping is a useful technology as opposed to traditional design 
technology by giving a transparent overview of using these tools and their possible use in an 
educational context. The key factor of rapid prototyping is automatic code generation [1], to avoid 
manually carrying out coding, linking, assembling, and downloading the code onto the target 
hardware. Another reason for choosing rapid prototyping technique is that there is no need to make 
changes in the code; if changes are required, then the designed model in SIMULINK can be changed 
dynamically against the new objective and tested again within a short space of time for the required 
goal [1]. Based on these statements, such a tool chain promises efficient and intelligent 
environments that could be used for industrial and educational purposes. From the various 
applications implemented in many organizations on a commercial level [2][7] and in the education 
sector for research purposes [1][19], it is interesting to know how risks and consequences at the 
system design level are balanced using these tools. Another aspect of using these design tools is that 
they have the ability to provide estimates of system requirements at a very early stage of the design 
process [7], avoiding the problem of  losing  momentum later on during the actual implementation. 
 

1.3- Goal 
The goal of this thesis is the theoretical evaluation of the tool chain performance, against the DSP- 
based applications. The analysis involves algorithms (functionality of each block), model designing, 
generating the C code against designed models and its implementation on DSP hardware. The key 
objective of this thesis is the individual analysis of each tool, its limitations and performance and the 
evaluation of the possible integration with the other design tools involved in the tool chain. Along 
with this the objective is the need to survey and discuss the outcomes of earlier implemented tool 
chains, using Math Works software and Texas DSP hardware, for commercial and educational 
research purposes and to provide a pre-study of the feasibility of using such a tool chain for 
educational purposes while subsequently proposing a complete tool chain path for educational 
purposes. The bench mark implementation of a digital DFC (Digital FFT Based Correlator) has been 
considered for practical test implementation. The simulation will be performed in SIMULINK using 
the block diagrams of FFT based Correlator,  
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1.4- Method 
As it has been described in the above section, to achieve our required goal and to address the 
associated problems in the achievement of purpose in the most efficient way possible on the basis of  
the available resources, it is required to adopt an efficient method that could lead us to our end 
results. As most of the previous rapid prototyping products have shown successful results based on  
the Math Works and Texas instruments tool chains, the evaluation of the tool chain of Rapid 
prototyping has been done with MATLAB/SIMULINK and RTW for the software end. On the 
hardware side it has been implemented using the Texas Instruments hardware, because of its 
statistical nature to measure the performance of system, with respect to our requirements and system 
characteristics [2] instead of making hardware for our application and which is itself a project in its 
own right. On the other end the digital signal processors available in the market are in affordable 
range and their use extends the functionality and life time of any embedded system in real time 
implementation.       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



A Theoretical Evaluation of Commercially Available Tool Chain for Rapid Prototyping of Wireless 
Communication Systems 
 
 
 

4 
 
 
 

 

2 Over View of the State of the art Tools 
This chapter gives an introduction to the different tools involved in a possible rapid prototyping tool 
chain. These tools are a fundamental part of the tool chain and later on, it will be shown how these 
tools pay a key role in the development of rapid prototyping. Every tool is dedicated to a specific 
design stage in the tool chain and each individual tool’s capabilities and performance is important 
for the end result. 

2.1- MATLAB 
MATLAB is an interactive simulation and design environment for a large plethora of different 
application areas e.g. communication systems, control systems, mechanics, medical applications, 
and for research purposes. It is widely used for solving problems with numerical methods, together 
with simulation and visualizing within a short time span.  MATLAB is an application-specific tool 
box, which is specifically classified according to the application areas. MATLAB is widely used for 
rapid prototyping purposes to evaluate and develop systems in a short passage of time.  
  
MATLAB has all the necessary elements for the development of a model-based design of signal 
processing and communication systems [3]. Using MATLAB and its tool boxes not only reduces the 
necessary time cycle for development but also saves a considerable amount of money [2]. Different 
Tool boxes are strictly integrated with each other as figure 2.1 shows, including the relationship with 
the communication and signal processing tool boxes. The communication tool box provides specific 
functionality related to the communication system [20] e.g. channel coding, source coding, 
interleaving etc at the physical layer of the communication link. The underlying signal processing 
tool box provides functionality for more general signal processing e.g. modelling dynamic systems, 
analysis, and visualization of resultants in GUI for FIR and IIR filters, FFT, impulse response and 
linear system [21] 
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Figure 2.1 showing how the MATLAB and its tool boxes are integrated with each other to 
communicate the information. It is clear from the figure that the signal process tool box must lies in 
communication tool box which is necessary for DSP algorithm implementation 

2.2- SIMULINK 
SIMULINK is a tool that is related to MATLAB and is used for modelling, simulating and analyzing 
dynamic systems. The core part of SIMULINK is its BLOCK SETS which are predefined in 
SIMULINK libraries divided into dedicated libraries for specific application areas. It supports the 
linear, non-linear systems in all time domains (continuous, discrete and hybrid). A single 
SIMULINK block often has a rather limited functionality. The ability to cascade endless numbers of 
blocks into complex systems enables the designer to build extremely complex models in a very short 
time and every block can vary with different block rates.  
 
With this feature, SIMULINK has the capability to handle problems regarding time-varying systems 
in communications, controls, signal processing in communication systems, video processing, and 
image processing [16]. An S-function is a computer language description of a SIMULINK block 
written in MATLAB®, C, C++, Ada, or FORTRAN. C, C++, Ada, and FORTRAN. S-functions are 
compiled as MEX-files using the MEX utility. One key feature of this utility is its APIs (Application 
Programming Interfaces) that helps us to connect the SIMULINK program with hand written code in 
MATLAB [16] and to implement generic algorithms in the SIMULINK environment with 
flexibility. Figure 2.2 shows the inter block set communication in SIMULINK, showing how block 
sets are cascaded in SIMULINK. Using this tool, algorithms are related to signal process areas 
which can design, implement and visualize their results without actually writing any code. Models in 
SIMULINK are designed in hierarchical way therefore the models can be designed by using both 
bottom-up and top- down approaches [A].  
 
Models in SIMULINK are designed in a hierarchical way therefore the models can be designed by 

 MATLAB 

  Tool Boxes

                        Communication Tool Box 

                       Signal Processing Tool Box 
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using both bottom-up and top- down approaches [A]. One of the key features for SIMULINK is that  
it is built on the top of MATLAB, for this reason the SIMULINK users have a wide access to the 
MATLAB based tools for generating, analyzing, and optimization systems implemented in 
SIMULINK. 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 2.2 showing how the SIMULINK and its Block Sets are integrated with each other to 
communicate the information. Here communication block set contain the signal processing block set 
for the implementation of DSP algorithms in SIMULINK. 
 
 

2.3- Real Time Work Shop  
To implement the model base design, produced from SIMULINK, on DSP hardware, the design 
must be converted to Standard ANSI C code. For this purpose the Real Time Work Shop (RTW) is 
required, and is used to generate the standalone C code for target hardware according to the 
algorithm designed in SIMULINK [22]. This is an automatic process of generating C code from the 
SIMULINK model [1]. The target language compiler (TLC) is an integral part and advance feature 
of RTW that is required when there is a requirement to obtain the customized C code generated by 
RTW in the sense of creating a platform-specific code. The TLC contains all the files that 
correspond to each block set in SIMULINK; these files contain the specific information about 
header and parameters of every specified block in SIMULINK to incorporate our algorithm that 
converts the intermediate form of a SIMULINK block diagram referred to as model.rtw into C/C++ 
code [5]. Using the S function technique it is also possible to interface the generated code in RTW 
with MATLAB.  
 

2.4- Targeted Hardware 
The core part of raid prototyping is to map the algorithm of the designed model onto the hardware 
e.g. a DSP. Standard ANSI C code should be generated from RTW and converted into an efficient 
executable, program for targeting the hardware. For this purpose, Texas Instruments has various sets 
of fixed point and floating point processor series that can be used, along with code composer studios 

SIMULINK 

  Block Sets 

                        Communication Block Set 

                       Signal Processing Block Set 
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(contains target language compiler) to implement C code for the performance evaluation of various 
types of algorithms. The key features of Texas DSPs are described in [1] [23]. Various models of 
Texas Instruments have been used for educational and research purposes like e.g. TMS320C30-
EVM and TMS320C64x series specifically for FFT based applications, because of the availability of 
rich libraries for digital signals with extra features [15]. 
 

2.5- Evaluation 
Evaluation is the method of comparison, in terms of performance of one tool with another one, when 
these tool chains use different ways to achieve the same goal under the same conditions. Evaluation 
is actually sorting out all those circumstances, which are playing the key role for the better 
performance of one system form in comparison to the other e.g. in terms of the criteria of 
development time, product over total cost, reliability and performance. As a rapid prototyping tool 
chain is an iterative process to achieve the goal, the iteration is performed until required results are 
achieved. Therefore the whole design process forms a close loop where every tool feeds its output to 
the next tool, assuming it is correct otherwise it is sent back to the previous tool for iteration again. 
In figure 2.3 the evaluation process is briefly described in terms of the SIMULINK simulation 
results which are compared with the simulation results obtained after targeting the code generated 
from RTW on DSP hardware. Therefore all results in terms of evaluation are related to the 
performance of every tool in chain 
 
 

 
Figure 2.3 shows that to evaluate the performance of our system, the primary simulation results must 
be equal to results after implementing in the target hardware. 
 

     
       Simulation Results 
           (SIMULINK) 

Design Specifications 
        SIMULINK 

                                 Target DSP Hardware 
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3 Rapid Prototyping and its Related Work 
This chapter takes an overview of various previously implemented rapid prototyping systems based 
on the Mathworks and Texas DSP processor and starter kits. Mathworks, SIMULINK, Real time 
workshop are actively involved in rapid prototyping process. 
Each tool involved in the process of rapid prototyping has its own constraints that must be clear 
before going ahead. This is in order to evaluate the tool chain for the development of products using 
RP on commercial scale.   
Discussion relating to rapid prototyping processes in detail, how this process is performed and how 
they are differentiated from the traditional design process is conducted in this chapter. As a 
conceptual benchmark, a Digital FFT based Correlator (DFC) is proposed in the later chapters. The 
DFC is quite straightforward in design. It realizes the phase noise delay between the two transmitted 
baseband signals which are sampled at different rates. After passing the signal through the FFT 
block and then performing filtering to eliminate the unwanted signals, the correlation function 
between the two signals is calculated to measure the phase noise delay 
 

3.1 - Traditional design Methodology 
Traditional design method is mainly divided into the three main divisions as shown in the fig 3.2. 
1- Research Team 
2- Architecture design team 
3- Implementation and product launch team 

3.1.1 – Research Team 
The group of researchers working with new ideas and making it possible for practical 
implementation is also called the forward block. These researchers always rely on simulation results 
which they perform using various existing software packages like SIMULINK, MATLAB, CAD, 
Signal Processing Work Shop (CADANCE) [37]. It is often seen that the simulation results do not 
provide the full details regarding the system, but only the particular features are shown during the 
simulation that might be important during the transmission of data. Moreover these kinds of 
simulation are considered as base band signals because they mention only the limited performance 
characteristics of PCs and work stations it might be the case that these components run in simulation 
and actually operate at high frequency which is why they are neglected. If it is required that they be 
mentioned, they are shown in the base band signal domain. Once the research team completes its 
work, all documentation and simulation results are fed to the very next team. 
 

3.1.2 – Architecture design team 
The group of researchers working for the architecture design on the bases of the research team result 
have to face major challenges like designing a system with the minimum cost and to re-use the 
existing components. Their primary task is how to map the algorithm efficiently on hardware and 
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software, such as which components should map onto the processor and which should be allocated 
to the hardware in such a way that they must satisfy the research team results in terms of the new 
outstanding products in the market. During the architecture design phase some new questions 
regarding the product arise, as the research team is responsible for answering all these questions. 
They therefore seek to improve simulation results with the answers for all possible questions. During 
the whole architecture design phase the research and architecture design teams remain in close 
relationship with each other. 
 

3.1.3 – Implementation phase 
In this phase the implementation team begins its work. They need to make the hardware that 
company not interested to buy from the other vendors having similarities with the existing hardware. 
The implementation team knows about the different tools that might be required to program DSP, 
FPGA and ASIC. To come up with this level of implementation this team needs the co-simulation of 
original code simulation with the high level code simulation. If there is a difference between the two 
simulation results then again the research team has to involve and run both codes for the same 
parameter and observe the results until the implementation comes with the enough confidence that 
the results are identical with the old code generated by the research team. During the implementation 
phase if there is need to redesign the architecture model, the loss of money and time might be delay 
the launch of end product in the market. 
 

3.1.4 – Traditional design flaws 
Traditional design methods were undoubtedly useful methods from research to practical 
implementation. However it has been observed during the survey that there are many hidden 
problems with these methods, one of which has already been discussed above, in case if we need to 
redesign the system at the time of implementation. Secondly we see many market available tools for 
implementation engineers to program DSP, FPGA and ASIC.   Hundreds of tools are available and 
using these available tools, researchers can easily program the DSP. Previously the DSP was 
programmed using assembler language translators and the programmers had to write up to a 
thousand lines of code, but later DSPs were used to program using a C-based language compiler; no 
doubt it resulted in the speeding up of the DSP efficiency and the boosting of the performance of 
DSP, but mostly it is seen that the C compiler has not mapped the program onto the DSP. Even now 
the highly time limiting complex tasks need assembler translator for mapping into DSP [36]. 
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Fig 3.1 shows the detail about the traditional design phase. 

 

3.2 - Rapid Prototyping State of the Art Technology 
   
This section describes the state-of-the-art of rapid prototyping process, which always provides high 
ended results with the available commercial tools. It enables the use of positive aspects of new 
emerging approaches with new classes of system-level prototyping as an efficient validation method 
for future fast and smart systems using microelectronics. Implementation on the target hardware and 
end performance evaluation is made in terms of code generation quality and target CPU utilization 
to meet the goal in terms of end product launch, in the field of communication/Telecom sector 
especially after the utilization of DSP processor. Real time DSP applications have made a major 
advancement in the field of communication systems, and rapid prototyping process using DSP 
processor kits makes it very simple giving high ended results close to the real time implementation 
within no time using smart tools like MATLAB, SIMULINK, Real Time work shop, Code composer 
studio and target hardware.  
 
Figure 3.8 shows, as described in the section 3.8 where a whole tool chain is described, starts from 
designing the system model blocks using rich DSP libraries in SIMULINK and their implementation 
on target hardware. All tools are cascaded to minimize the commercial bottleneck by providing fast 
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hardware design cycles using available tools with the guaranteed validation capabilities involved in 
this process listed in the figure 3.9.  Prototyping is an iterative method and there is a state-of-the-art 
mechanism for checking and balancing at the end of every stage which is demonstrated in figure 3.9.  
After the designing of the algorithm in the form of a graphical model in SIMULINK, it simulates the 
model and gives output results in the form of some curves (simulation) which must be verified 
against the algorithm using mathematical equations and knowledge of the course Digital Signal 
Processing. Once the results are achieved, its C code is generated using RTW, for the target DSP 
hardware implementation. Mathworks real time workshop builds the code against the diagrams 
made in SIMULINK (using blocks) for the prototype.  

 

3.2.1 – Rapid prototyping Process 
Because of the competition in today's global economy, businesses are increasingly compelled to 
manufacture their products with new innovative ideas as quickly as possible, to minimize the 
launching time of products in the markets. An important requirement is to reduce the product 
development time with the availability of tools that test parts in each development phase. Because of 
this aim rapid prototyping was introduced, which allows real models and tools to be produced 
directly from the CAD file data using a nearly fully-automated process [27]. From the figure 3.2 the 
basic concept relating to the complete design cycle of rapid prototyping can be grasped, where 
analysis, design, development, implementation and evaluation blocks are mentioned; the 
functionality of each block is described below. 
Rapid prototyping process includes the following steps: 
 

• analyzing the system 
• collecting all the related information 
• making sure the object is clear 
• selecting the tools 
• performing iterations 
• identifying the results after each iterations 
• implementing on Target 
• verification of end results 

 

 
Figure 3.2 describes the rapid prototyping process from the analysis of problem, algorithm design 

Analysis Design Development Implementation Evaluation 
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and development in using suitable tool chains e.g. SIMULINK and RTW using TLC and then 
implementation on Target DSP hardware.  

 

Therefore we can say that rapid prototype method can be summarized in terms of the following three 
steps: 
1- Code generation process. 
2- Building the code as it is executable. 
3- Downloading this code on the TI target hardware. 
 

3.2.1 - Rapid Prototyping versus Traditional Approach 
The analysis of rapid prototyping is made over the traditional design approach in this section. The 
traditional approach involves a great deal of man hours in each design step of the process, from 
design to implementation and in verification. Rapid prototyping plays an important role in the 
launching of successful products in the market irrespective to the intense competition in software 
design. 
However there are a number of critical questions about the usage of rapid prototyping over the 
traditional methods for software designing and implementation on target hardware such as the nature 
of the flaws which provided the initial stimulus to turn to rapid prototyping.  
To answer such possible potential questions the following section is very helpful to elaborate the 
rapid prototype technology over traditional design methods that were discussed earlier in the survey 
report section 3.1. 
 
We found discontinuation among the different phases, especially when switching from one phase to 
another where all available tools had been changed from the previous once. If there occured a 
problem in one phase then it is very difficult to go back to the researchers involved in the previous 
section for helping out in with problems which can be solved using special expertise. This is because 
the current code is not backwards-compatible, as it is quite straightforward in one direction and due 
to bad feed back loops, making it very slow and time-consuming. And unfortunately if there is a 
need to modify the system design at the time of just completion then it results in a loss of money and 
time. The only solution to break the feed back loop is to share one environment for discussion and 
everyone involved in the project having a good level of knowledge about the environment. This is 
because all people in all three phases in traditional design do not have the same level of competence 
and knowledge about the tools.  
The second most important factor is to provide the right information to the right people at right time 
with the research team concentrating on simulations while the other teams are looking at 
documentation (specification), but are unable to provide anything regarding documentation because 
of their schedule. Therefore to answer it, much graphical modelling software is available on a 
commercial level like SIMULINK, where the whole model is listed in the form of block diagram 
and its all input, output, and other necessary information like functional description is made at very 
early stage of designing, and similarly the error detection is made at this stage. 
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The third aspect of rapid prototyping over the traditional method is code generated by the research 
team for simulation which is not usable for the architecture design team which means that they have 
to rewrite the whole code. This results in a slowing down in the product finalization. It is because of 
poor documentation, bad communication and different teams working in different environments. To 
make it suitable for the target hardware other languages like assembler for DSP and VHDL for 
FPGA are often used for the refinement of code with  
One of the important features that the graphical model provides is code refinement by the simulation 
comparison for two different codes with the same input in one environment. 
The total number of people involved in the traditional design method is much than rapid prototyping 
and it causes the poor communication among the different people working in different phases and 
end result leading to the product failure. However in contrast to the traditional method only a few 
numbers of people are involved in the whole process which results in better communication and 
better end product. 
 
Differences between the traditional method design method and rapid prototyping are shown in figure 
3.3. The traditional method as figure 3.3 explains starts with the algorithm development. Once the 
algorithm is designed, the next step starts with the designing of hardware and the implementation of 
the algorithm using suitable tools to generate efficient language (this might be C for example) as per 
requirements. After implementation with these steps [26], the system is sent for verification to 
ensure that it meets all requirements. As it is more time consuming while at the same time being 
beneficial for the marketing people, they have more time to introduce the new product into the 
market and generate new customers. Although rapid prototyping starts in the same way as traditional 
methods with the algorithm design, in this case immediately after algorithm designing, the hardware 
prototype is made to test and to implement the algorithm. The very next step is to put all these items 
into reliable tools which automatically generate C code (subject to the goal) [1]. The whole 
procedure is automatic until it hits the target [19]. The need of rapid prototyping is the severe time 
constrains, to launch the product early than the others, therefore they do not need the design team 
and they like to rely only on simulation results which are because of their previously implemented 
product experience. 
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Figure 3.3 Comparison between the traditional and Rapid Prototyping. 

 

 
Rapid prototyping and traditional development methods are supported by the designers. Every  
method has some positive advantages over the other one. This thesis emphasises the selection  
of rapid prototyping tools, with some advantages and disadvantages which are listed below: [26] 

3.2.1.1 Advantages 
    
Familiar functionality for user  
Easy to learn and evaluate the performance of every tool, during the execution using common 
engineering tools.  

• Takes less time for result orientation, because of its self-intelligent nature from model 
building in SIMULINK to execution to implementation on hardware. 

• Reliability is another important feature for the end user perspective. 
• Promotes user consistency in the earlier phase. 
• Reasonable cost is another important factor of its popularity other than reliability. 

 
 

3.2.1.2 Disadvantages 
Where rapid prototyping comes with many advantages, some disadvantages are also associated with 
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Implementation of 
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it but these are not so severe that the whole approach would be invalidated. Here are some of its 
principal drawbacks: 
  
The tool must be selected very carefully according to requirements; to make the right selection about 
the tools, the goal must be very clear before involving oneself in the process of rapid prototyping.  
The code generation process is fully automatic and it is always generated against the designed model 
in SIMULINK. Therefore if one later makes some changes with the model, one needs to regenerate 
the code by involving oneself again in the same process from the initial step. 
Once the design step is started it has to be completed; it can only be stopped at the end of every 
stage but once within each stage it can never be stopped. 
Test and verification can only be made after each completed phase, to verify the results in terms of 
meeting all the requirements. 
 

3.3 – Related work 
Working under the today’s commercial pressure, to be first in the market as the inventor of new 
product, manufacturers often decide to rely on simulation results and their research team expertise, 
which can easily result in the failure of the product in market soon after release. It was nothing just 
the wastage of time and resources. HiperLAN is the good example in this case [30]. The main issue 
which many companies need to solve is how to eliminate the inter-symbol interference for wireless 
communication channels. They believe that standard equalizer must solve the ISI problem in 
wireless communication channels, but they came with unexpected simulation results although they 
have the documentation about the simulation behaviour of predefined algorithm of equalizer. In [31, 
32 and 33] some solutions are presented to measure the production delay and the realization cost to 
meet out the requirements. Up until 2003 only one of all those companies participating in research to 
eliminate the ISI launched a product embodying a perfect double precision numerical environment. 
Therefore being late in the market of communication is not only a cost effective but also have an 
adverse effect on the company goodwill. 

3.3.1 - Virtual Prototyping 
Virtual prototyping is the technique in which the whole hardware is implemented in software at each 
stage of designing [34, 35]. Therefore it is considered as the important reference model for the later 
implementation at an early stage. Taking the example of base stations it might be too complex to 
construct the prototype model with all the necessary parameters, because it requires the same efforts 
to build a prototype as it needs to make the original model. Therefore engineers come with the rapid 
prototype where partial features of future product have been introduced. 
 
Rapid prototyping techniques have been implemented previously for the practical implementation of 
DSP algorithms using Mathworks and Texas Instruments to make a tool chain for educational 
research purposes and for the industrial Real time applications. 
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3.3.2 - DSP Algorithms Implementation using MATLAB and Texas instruments’ on 
TMS320C30  
This project concerns the evaluation of the Texas general purpose DSP TMS320C30 for research 
and educational purposes using Mathworks tools for the implementation of various DSP algorithms 
e.g. FIR filter (Finite Impulse Response), IIR filter (Infinite Impulse Response). 
 
Adaptive LMS FIR filter, FFT. This paper describes the automatic code generation process using 
SIMULINK and RTW. The most important design consideration is that the whole real time program 
must execute within the sampling rate (interrupt interval), so this causes the hardware overhead. In 
order to obtain exact execution of the system, the model execution timings and hardware overheads 
must be within the sampling rate of system, experimental results are shown in [22]. 
 
MIPS (Million Instructions per Second) and MFLOPS (Million Floating Point Operations per 
Second) are used fully for DSP algorithms implementation because of the instructions’ execution 
rate which is very high, but they are not significant for the DSP processor because of the variable 
instructions execution rate. The core part of the DSP algorithm is the benchmarking of DSP kernels 
against the instructions’ cycles. It is really very helpful for designing any DSP algorithm for the 
implementation on processor (Target Hardware). In this implementation three methods are being 
used for the bench marking of DSP algorithms 
 
Assembly code (without real-time programming framework) 
MATLAB RTW target independent C-code  
MATLAB RTW S-function mixed-C code  
 
 
For evaluation purposes, the paper describes to what extent the code efficient is compared with the 
other one in terms of performance [22]. 
For the evaluation purposes the S function and C code are used, because according to this the C code 
generated by RTW is not very efficient to meet all the target hardware requirements; therefore C 
code is being used along with the hand-written S function assembly code (S function is another 
feature of SIMULINK; using this, one can generate any block that is not available in the current 
library of SIMULINK, according to requirements with its own parameters). 
 
3.3.2.1 - Conclusions: 
The rapid prototyping using Mathworks tools reduce the overall product development and 
verification time. With the user friendly environment it became very easy to configure for 
implementation of new DSP algorithms within the short time span. 
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3.3.3 – RP for Educational Purposes of DSP algorithms [1] 
A low cost rapid prototyping system for the implementation of FIR and power spectral estimation 
using FFT algorithms on target DSP Texas hardware using Mathworks tool e.g. SIMULINK and 
RTW is implemented for the evaluation purposes in the educational sector. This paper states, after 
obtaining the simulation results from the fifth order FIR filter by using the block set library in 
SIMULINK against its graphical model, once the required results are achieved output from 
simulation tool is given to the RTW for the generation of C code using RTW. This is done by 
executing the whole model successfully until the generation of standard ANSI C code automatically, 
and then downloading the C code on the target floating point DSP board TMS320C30-EVM. The 
code generated through RTW contains the feature of high level and low level languages at the same 
time high level as standard ANSI C code containing structures and functions and low level language 
like assemblies containing macros and direct hardware I/Os. 
Texas DSP TMS320C30-EVM uses the run time interface to make a connection with the RTW to 
obtain C code, containing a group of files like main () and ISR (Interrupt service routine and step 
function) and step function. The main function primary task is to control timing of the program task 
creation, interrupt handlers and perform error checking [1]. ISR comes along with the DSP processor 
serial port, with the multiple operations on data, such as fetching data, initiating data process 
function and data output and the step comes with the following utilities such as  calculating the 
output vales and updating the block’s state. 
 

3.3.3.1 – Advantage 
This contributes to the promotion of RAPID PROTPTYPING SYSTEMS at university level for 
learning and research purposes because the whole process is automatic and there is no need to write 
a single line of code. 
 

3.3.3.2 – Disadvantage 
RTW produces the code for the group of blocks that are not required in the program and it puts extra 
pressures on the software, so there might be some solution to over come this problem 
 
 

3.3.3.3 – Conclusions 
The main message of this paper is to show how rapid prototyping reduces the time spam even in the 
implementation of DSP algorithms and how automatic code generation process runs to implement 
the C code on the target hardware. There has arisen a revolution in the field of research and 
education with this technique, so it has become very easy to check the performance of various sizes 
of algorithms changing their parameter instantaneously. 
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3.3.4 - RECINE-S Project (TMS 320C6711) 
In 2004 a team from FSSG-CNR (IST 2001-37117) started a project to reconstruct the highly 
effective portions of Voice and Video in movie film using the TI processor and MATLAB family. 
Universities and industrial partners were actively involved in the project. “The main idea behind this 
project is to provide the voice of the professional dubbing speaker with the features of the target 
voice. This voice conversion process can be performed in real time during the dubbing process or 
off-line at an audio post-production level”. This paper only deals with the restoration of voice using 
rapid prototyping with MATLAB, SIMULINK, Real Time Work shop and 32 bit floating point TI 
TMS320C6711 DSP platform  instead of using LPC/VC (Linear prediction coding/ Voice 
conversation). 
DA/AD in the starter kit was not sufficiently capable (16 bit, 8 KHz sampling rate) for this voice 
restoration project; therefore it was replaced with high quality DA/AD having a sampling rate of 48 
KHz. 
Following the rapid prototype technique the algorithm for the project was developed using 
SIMULINK in the form of block diagrams and simulated, but after obtaining the simulation results 
the control for generating C code in the Real Time Workshop was given to MATLAB. C code which 
is generated from RTW with the interaction of MATLAB (using s-function) is quite efficient and 
finally downloaded to the DSK board. 
 
 

3.3.4.1 – Algorithm 
The main idea of the algorithm is grasped from the residual excited LPC synthesis or on STFT based 
synthesis [B]. 
The process requires some steps such as creating the data base contains the set of different voices 
then the one of above  the algorithm is the result of both algorithms based on the map F(x) that 
transforms the vector x on the vector y. The LPC (Linear Predictive coding) was used to convert the 
audio signals to the compressed digital signals. This project uses the Gaussian Mixture Model 
(GMM) [?], which takes two LPC coefficients in time domain and also contains the source and 
target voices for the conversion function to place the source into the target LPC coefficient sets. 
Using this approach the graphical model of the algorithm is developed in SIMULINK to start the 
process of rapid prototyping. 
To make it easy in SIMULINK voice signals were divided among the number of small equivalent 
frames having short overlapping factors to reduce the artefacts that might be occur during the 
transition of data from one frame to an other and the Blackman window for smooth transition. Each 
frame is later LPC encoded that performs the auto-correlation of input followed by Levinson-Durbin 
LPC extraction algorithm. 

 

Fig R11 shows the complete the Audio part implementation in RECINE-S project using the LPC and 
GMM methods for the fast real time implementation using Rapid prototyping technique. 
SIMULINK, MATLAB, RTW and TI DSP processor are the core parts. 
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3.3.4.2 - Conclusions: 
It is stated again in this project for the efficient code generation the S-function is recommended to 
create the code for some parts of the project in the MATLAB and interface this code to the code 
RTW. This is because the generation of directly from the RTW may cause to include some 
unwanted code against some block and it might not be required.  
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4    Understanding the Tool Flow 
The Tool Chain as proposed in this thesis is based on the earlier DSP based projects done in this 
state-of-the-art tool chain technology. Our conceptual design that will be described later depends on 
this tool chain for Real Time implementation points of view. In this section of the thesis general 
behaviour of all tools involved in this rapid prototyping process are described in detail, taking the 
initial form the designing of block diagram in SIMULINK, generating the C code in RTW through 
TLC and then using CCS (Code composer studio) to download it onto the target DSP hardware.  

4.1 –Critical Issue 
One critical issue with the use of rapid prototyping is the careful selection of tools with the suitable 
library tools that carries the automatic process. Tool chain plays the key role in this whole process. 
Therefore it is always selected to obtain the maximum utilization of sources and better performance. 
Various tools are available in market, but this thesis only relates to Math works products and Texas 
Instruments base tool chain development 
 

4.2 – Model Base Design 
Traditional design processes come with errors late in the design cycle leading to expensive delays in 
meeting the goal that could miss the time line for completion [14]. Therefore model base design 
addresses inherent difficulties and problems in the communication system. Model base design comes 
with the implementation of whole systems in the form of block diagrams against the optimized 
algorithm, describing all the characteristics in the form of blocks like input, output current state etc. 
Using this method, the design cycle and whole system performance is evaluated through simulation 
in tool chain [24] which enables the faster, more cost-effective development of dynamic 
reconfigurable system including, Digital processing systems, communications systems, embedded 
systems and control systems.  
 
SIMULINK is the first tool that is chosen for this purpose to make the basic design structure of the 
algorithm in the form of graphical block diagram which holds the whole algorithm of system. 
SIMULINK accelerates the solution of DSP design problems by introducing the libraries containing 
all the necessary elements for designing a communication system [16] with rapid reliable simulation 
and energy efficient results [2]. 
 
SIMULINK simulates the algorithms in communication systems for modulation, demodulation, 
filtering and FFT, IFT etc, analysis of a digital communications system [14] in the “model.mdl” file 
that contains the model description for the defined model in SIMULINK. SIMULINK generates a 
model.rtw file that contains a high level representation of the execution semantics of the block 
diagram. The model.rtw file is an ASCII file that contains a data structure in the form of a nested 
set of TLC records. The records are composed of property name property value pairs. 
The structure of the model.rtw file mirrors the block diagram's structure: 
For each non-virtual system in the model, there is a corresponding system record in the model.rtw 
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file.  
For each non-virtual block within a non-virtual system, there is a block record in the model.rtw file 
in the corresponding system 

4.3- Generating C Code with RTW 
Real Time Work Shop generates the executable standard ANSI C code against the SIMULINK 
graphical model. The process starts with .mdl file that contains the designed SIMULINK model 
[14].  
 
Code generation follows the following steps: 
It gives support for 8,16, 32 bit integers, floating points, single and double data types for 
SIMULINK 
It implies some limitations for generating the code words and data types in [14]. 
RTW generates the code against the designed model and it is independent of processors 
Our primary objective is to generate the code form RTW without proceeding further. 
 
The code generation process is purely an iterative process. Figure 4.1 elaborates this process in 
detail with the generation of files at every stage of execution.  
 
System.tmf- It is created specially for the target environment; here one can give the information 
about the appropriate compiler and other additional information that is thought necessary at the time 
of generating exe file. It is required for the generation of standard ANSIC code because it provides 
all the information required about the SIMULINK model and guides the RTW to make C code 
according to model description. 
 
Make_rtw.m- This .m file is created from .my template file during the RTW process to have a 
control on the internal portion of RTW. The file produced is then passed to the make utility that 
makes the .out file from the model.c, *.h files to create .out file. Here the file produced verifies the 
order of files in between the *.obj and .c files, and rebuilds the program if it is required. 
  
Model.mk- Creates the final customized version of the code for target implementation. 
 
Model.c- It is source code file, which is generated by RTW, representing the same model behaviour 
as in model.mdl; it also contains some other files like model.h and model_Private.h sees [14].  
 
 
Three different applications are referred to RTW. 
 
1- Application components 
2- System dependent components 
3- System independent components 
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The process to carry the model design in SIMULINK generates the file model.mdl; in order to 
generate the C codes against the model.mdl, all the parameters of model.mdl should firstly be fine-
tuned [14][16]. RTW will automatically generate the model.c file for .mdl. Right after this another 
process from the TLC runs for customization of the code to execute and generates the Model.mk 
from the system templates file System.tmf. The code Model.* is generated from the block diagrams 
which are derived from TLC making up the application component of architecture. Simstruct 
(SIMULINK data structure) which initializes the initial time, model size and sample time, computes 
the system and blocks output, updates the discrete vector table and terminate the whole program, is 
created from the generated code  TLC.  The model execution scheduler and Instruct combine to 
make the system- independent components of system architecture. The system dependant 
components are those which initiate the target DSP hardware components including 16 bit audio 
code, multi-channel buffering and DMA (Direct Memory Access) and serial port communication 
[5]. Model.mk is created by copying the contents of file Model.mk and expanding the lexical token 
that describes the system behaviour, and an executable file is obtained describing all about the target 
characteristics 
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Figure 4.1 shows the complete internal process of RTW code generation 

 

4.3.1-Features of RTW 
 
The main components of RTW are discussed in the figure 4.1, in a sequence. RTW is the essential 
part for rapid prototyping with the following parameters: 
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1)  Generating automatic code 
2)  It is very user-friendly and allows us to customize compiling and linking for the desire target. 
3) -RTW work shop communicates with the block diagrams outside the RTW in SIMULINK, and  
      efficiently helps to tune, new data input and to modify at any stage without any problem. It is all  
     due to its external mode operation. 
4) - Well supportive for target hardware 
 

4.3.2- Target Language Compiler 
The target language compiler (TLC) is used for the customization of generic C code program 
according to the goal. It is the integral part of the Real Time Work Shop. Once the C code is 
generated through RTW, it generates the optimal inlined [5] code in our SIMULINK block diagram 
to acquire our results in terms of enhanced ability to improve performance and reliability. By using 
TLC one can produce a platform for specified output against the designed algorithm as described 
above in section 2.3. In [14] Target language compiler hits the RTW- generated C code in the 
following fashion: 
 
It diverts the way of code generated against our SIMULINK model.  
Inline S-functions in our model (inline is an S-function that provides a TLC file for an S-function 
block, that replaces the C (or Fortran or M) code of the block that was used in simulation and if it is 
not provided , mostly the Real Time Workshop targets continue to support the block by recompiling 
C-MEX S function of that block, which results in the memory overhead and affects the over speed of 
the processor there for efficient generation of  C code through RTW using S function by writing a 
TLC file for them). 
It modifies the generated code by declaring the global variables   
TLC also helps us to obtain the customized code other than C language. 
 
Figure 4.2 shows the main functions performed by the TLC which are to create the system target 
files, block target files and TLC function library. All these files are passed on to the TLC which 
operates under RTW, generating in turn the run time interface support files. The function of the TLC 
is to transform the model.rtw file into model .exe for the target implementation. 
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Figure 4.2 presents the complete flow for the generation of custom C code for SIMULINK blocks to 
TLC. 

 

 
Figure 4.2 elaborates TLC reads the model.rtw and generates the code, based on target files, where 
the code for each specific block described (as the blocks are mentioned in SIMULINK diagram) and 
model-wide files which cover the whole system process. The TLC works like a text processor which 
uses the target files and model.rtw files for the generation of ANSI C or C++ code. 
To specify the specific TLC, the Real Time Work Shop code generator needs to have the template 
make file, which points out the suitable C or C++ compiler and other options related to code 
generation process. 
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The purpose of the compiler is to convert the intermediate form of code generated from SIMULINK 
to the specific target code. Its name is its target because it has to generate the code according to the 
hardware specification on which we have to run our application to obtain the results. Consequently 
TLC is designed in such a generic way that it fulfils all the target architectural requirements. In the 
figure 4.3 the TLC functions are elaborated in a more convenient way to understand how the whole 
process is carried out within the tool chain. TLC is playing as the bridge in between the code 
generating tool and target hardware; therefore code is generated after TLC is not also a high 
language code but also it meets the requirements of target hardware. TLC generates the code 
according to the processor architecture capability. 
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Figure 4.3 shows how the compiler takes files from the library, managing and generating the code in 
accordance with the SIMULINK model 
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4.4- Code Composer Studio 
The Code Composer Studio Platinum simplifies the process by offering a fully merged Integrated 
Development Environment (IDE) that supports all TI platforms including the TMS320C64X DSP. 
Code composer studio 3.3 acts as the bridge in between Math works tools and the target 
development application process. The Code Composer Studio helps to facilitate rapid compilation, 
linking and assembling the C code and making the ideal configuration for the target hardware board. 
Key properties of CCS are [17]. In fact CCS enhances the code generator with the analyzing and 
debugging capabilities: 
 
Helping to quickly choose and configure the target hardware with the standard libraries. 
Embodies simple learning curves,  
Standard UI operation functionality 
Target platform can be easily changed without any problem  
 
 
Code composer studio provides an integrated development environment that takes developer through 
every step of the application development flow. It really helps the developer to start quickly. The TI 
compiler performs high level optimization at the program level and also helps to evaluate the 
performance of C code generated by RTW at the application level. As TI has detailed information 
about the whole program, it can therefore generate small, efficient and compact assembly code for 
the target. It synchronizes the host PC, where math works tools are installed, and the target board 
e.g. the TMS320C64X DSP.  
 
Code Composer Studio™ Integrated Development Environment (IDE) includes an editor for 
C/C++/Assembly Code Generation, a Debugger and additional development tools, Scalable, Real-
Time Foundation Software (DSP/BIOS™), provides the basic run-time target software needed to 
support any DSP application [15] such as FFT, filters, audio, video and other telecom applications. 

4.5- Target DSP Hardware 
For Real Time Implementation of SIMULINK designed Blocks and to evaluate the performance of  
the tool chain, Texas Instruments manufactures various types of DSPs e.g. TMS320C3x and C64x 
and C6747. These target hardware items are suitable for various type of applications, depending 
upon the requirements - either floating point or fixed point data types is required. The TMS320C64x 
(C6416™) gives high performance for all high end applications. These DSPs are simply the best 
because they provide support for multifunction applications. The selection of this DSP is made 
because of its built-in libraries and support for the FFT algorithm. By using the SIMULINK and 
RTW tool high level C code can be generated and then directly downloaded and executed on the 
TMS320C64x DSP architecture. 
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It provides the full support for rapid prototyping because of following points [15]: 
 
 
Register base Architecture 
Power full Addressing Modes 
Flexible Instruction Set 
Large Addressing Space 

4.5.1- Architectural Model  
TMS320C64x DSP is a 532 pin ball grid array of fixed point processor; their detailed allocation and 
description is given in [15]. TMS320C6416 contains 64 general-purpose registers of 32-bit word 
length each and eight highly independent functional units, two multipliers for a 32-bit result and six 
arithmetic logic units (ALUs) withVelociTI.2™. The VelociTI.2™ extensions contain eight 
functional units including new instructions to accelerate the performance in key applications and 
extend the parallelism of the VelociTI™ architecture.  
 
 
Key features of TMS320C64x DSP are listed in [15] 
 
High performance DSP. 
It takes an average of 1.68ns to perform a single cycle instruction at 720MHz peak Clock rate to 
execute one instruction. It also contains eight 32-Bit Instructions/Cycle, twenty-Eight 
Operations/Cycle 4000, 4800, 5760 MIPS  
VelociTI.2™ Extensions to VelociTI™. 
 
 
Advanced Very-Long-Instruction-Word (VLIW) TMS320C64x™ DSP Core, Six ALUs (32-/40-
Bit), each supporting a single 32-Bit, dual 16-Bit, or quad, 8-Bit Arithmetic per Clock Cycle, 
containing Four 16 x 16-Bit Multiplies, (32-Bit Results) per Clock Cycle or eight 8 x 8-Bit 
Multiplies. The C64x has non-Aligned Load-Store Architecture with 32-Bit General-Purpose 
Registers and instruction packing which reduces code size, all instructions being conditional. 
16 general purpose I/O pins 
Two external memory interfaces with one 64-Bit (EMIFA), One 16-Bit (EMIFB), 

• Memories are SRAM and EPROM and synchronous memories SDRAM, SBSRAM, ZBT     
• SRAM and FIFO 1280 M-Byte Total Addressable external memory space. 
• Host port interface (HPI) user defined bus 32/16 bit. 
• Three multi-channel buffered serial ports. 
• Three 32 bit general purpose timers. 
• IEEE 1149.1(JTAG) standard. 
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Putting everything together from CCS and TMS320C64x it is observed that TMS320C64x along 
with the CCS 3.3 is required for the conceptual design case. The DSP library corresponds to 
functions in the Texas Instruments TMS320C64x DSP according to model requirements. The DSP 
Library (DSP LIB) is a collection of high-level optimized DSP function modules for the C6000 DSP 
platform. This source-code library includes all standard ANSI C functions e.g. general signal 
processing math and vector functions that have been ported across C6000 fixed- and floating-point 
DSPs. 
TMS320C6416 is a perfect solution for the wide range of industrial applications requiring fast, 
multi-channel data acquisition coupled with the on board processing modules. DS6416K is the 
starting kit to evaluate the processor, and it also includes the code builder and debugging tool. 
Belonging to the 2nd generation TMS320C6416, it is high performance unit with the fixed point 
processing 

 

                                                          
 
Fig 4.4 TI DSP DSK boards, target hardware for executing the SIMULINK designed algorithm 
 
 

4.6 - Dynamic structure of Tool chain 
Listing all the family members of tool chain (that fulfil all of our requirements) can lead to the 
evaluation of each module after every step of processing. The tool chain is dynamic mixture of 
Mathworks and TI elements because it responds according to the algorithm designed in the 
SIMULINK in the form of a graphical structure; it is dynamic because it changes its behaviour; once 
the algorithm parameters are changed the whole process runs automatic with the new parameters, 
until the new code is generated and downloaded to the target hardware. Figure 4.5 lists the complete 
tool chain with all key elements necessary to evaluate the performance of the tool chain. The 
selection of tool chain elements is the most complicated part for the development of rapid 
prototyping, because to analyze results of these tools, each tool must be flexible enough to work 
with the other once. 
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Figure 4.5 describes the complete evaluation process involved in the rapid prototyping process. This flow 
diagram elaborates the process from the initialization to targeting the hardware for application 
implementation.  
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5 Proposed Conceptual Model and Discussion 
As a conceptual benchmark a Digital FFT based Correlator (DFC) is proposed in this chapter for the 
practical implementation on the receiver side of digital communication. In [37] 1x1 simple UMTS 
model was designed using the rapid prototyping technique. The design of DFC is quite straight 
forward and the model proposed based on the results derived from the previous research. It can 
measure the phase delay between the two transmitted baseband signals which are sampled at the 
different rates. After passing the signal through the FFT block and then performing filtering to 
eliminate the unwanted signals, the correlation function at the end between the two signals is used to 
calculate the phase delay. 
 

5.1- Short Description of Conceptual design case 
As it has been mentioned previously the main goal of this thesis is to carry out a survey for the 
evaluation of tool chain performance in communication systems through rapid prototyping, 
implemented previously and to describe the proposal of simple communication system using this 
rapid prototyping technique. DFC (Digital FFT based Correlator) is a conceptual Digital FFT-based 
Correlator which is proposed here. DFC (Digital FFT based Correlator) is quite straight forward that 
measures the phase delay between the two transmitted baseband signals, which are sampled at the 
different rates, after passing these signals through the blocks of FFT (SIMULINK) and then 
performing filtering to eliminate the unwanted signals, the correlation function between the two 
signals calculating the phase delay. It comes to know that there are three major phases through 
which the signal has to travel. 
1)-Generation of base band signal at some 2.4 GHz 2)-Applying this base band signal to the FFT 
computational block 3)-After filtering the output signals from  the FFT are given to the correlator, 
which measures the resultant phase delay between the two sampled signals.  

5.2- Proposed Conceptual Model using TMS320C64x 
This thesis proposes the theoretical survey for the rapid prototyping tool chain evaluation when 
targeting the TI DSP TMS320C6416 processor using the Mathworks tool Simulink and RTW for the 
real time implementation of Digital FFT base Signal Correlator on the receiver end of wireless 
communication system. As a result of increasing the number of users the complexity at the receiver 
has become a problem and the systems in communication systems are becoming difficult to 
construct with the traditional methods. This problem results in an increased signal to noise ratio, 
more power consumption, greater time latency and long time cycle for manufacturing. Therefore to 
eliminate all the factors with the greater success rapid prototype technique was selected, to study 
their behaviour. 

5.2.1- Base Band Signal 
If we come with the definition of base band signals from our previous knowledge, then “The signal 
having frequencies are almost ‘zero’ or approaching ‘0’, which is called the base band signal. The 
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figure 5.1 clearly describes the base band signal generation. The message signal is a sinusoidal 
cosine wave form and after modulation with the base band signal using the bandwidth +1 is obtained 
(ignoring the negative, that is not the part of base band signal) which shows that the bandwidth for 
base band signal is always positive 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In figure 5.1, shows how the base band signal is generated with band width fm= +1, because the negative 
bandwidth 
 
 
DSP is the core part of all digital communication today [1], because it facilitates users by reducing 
the bit error rate, enhancing the throughput, and providing robustness of system over the sudden 
variation of certain parameters described in [10].  

 

5.2.2- Algorithm for FFT 
There are number of available algorithms described in [11] for the computation of input data    
streams such as. 
 
1- Butterfly Operation 
2- Double Single Algorithm 
3- Half length Algorithm 
4- Radix 2 in Time (DIT) 
5- Radix 2 in Frequency (DIF) 
 
These algorithms are used according to input data type (real or complex) [11]. Filtering is the 
compulsory part of FFT and mostly it is required only when the sampling rate does not match with 
the Nyquist rate; it is used to remove the aliasing that corrupts the information signal in terms of 

fm=+1 

Massage Signal Signal Spectrum 

     -1 

1

0 

fm=-1 
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successful transformation. 

5.2.2.1- FFT Algorithm bench mark 
In this thesis the FFT of two base band signals is calculated, that is derived from the DFT (Discrete 
Fourier Transform). The FFT Algorithm reduces the computational time O ( 2N ) for DFT to 
O( NN 2log ). The weighting term ))/2(exp( NjW Kn

N π−= is usually called the ‘twiddle’ factor and 

shows the symmetry and periodicity in the nature of algorithm; it is stored in LUT (look Up Tables) 
for fast and efficient calculations and implementations. In order to measure the performance of the 
DSP, there is a need to extend the FFT computational life cycle. For the efficient calculation in time 
the domain DIT radix-2 algorithm is used to evaluate the performance of DSP in real time, which is 
based on the two way buffering technique, (where buffers are placed at the input and output to 
minimize the computational over head). In this process the next data block is acknowledged in 
buffer A, with the previous data block retaining processing in buffer B. The maximum processing 
time to complete the computations of N point FFT must satisfy the equation 1: 
 
                                           sFFT fNT ×≤ ……….equation 1 

 

5.2.3- Correlation Function 
Correlation is the mechanism to compare the parameters of two signals with each other. The 
SIMULINK library contains the structure for calculating the correlation of signals. Figure 5.3 
mentions XCORR which is a cross correlator that takes 2 input parameters against one output. 
Correlations are of two types:   

  
1- Auto correlation (making the comparison with itself) 
2- Cross Correlation (making the comparison with other signal) 
 
It can be implemented to fix various problems like in [13], where the correlation match filter is 
better than a high processing array technique, because of its better results due to efficient 
mathematical operations and the analysis of their results by implementing them on DSP processor. 
 

 

5.2.4- Model Description 
Implementation of DFC (Digital FFT Correlator) using Mathworks and Texas Instruments tools for 
the communication system is not a straightforward task; the rapid prototyping tool chain is 
constructed and implemented in a real time environment for the evaluation of tool chain 
performance for educational purposes [1,11]. The main components of the system have been 
discussed in detail in the last chapters. The most important part of model development is the 
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designing of algorithms that have to execute on target application. Precise calculations about the 
computation time cycles, memory allocation, and byte-by-byte instruction execution on the target 
hardware registers are included [1, 11, and 36]. The Rapid prototyping is the necessary part of every 
new invention in every technological area especially (Telecommunication, Defence, Medical, 
Finance, agriculture, Aero space, etc).  
It is clear from the figure 5.2 that two base band signals are taken with the some frequency of MHz 
(2.4GHz), converting the analog signals into digital using A/D converter, sampling them according 
to the Nyq rate and feeding into the FFT block for Fast Fourier Transform calculation, using the F 
(Filters) blocks to eliminate the unnecessary signals and make their correlation to calculate their 
correlation for the determination of phase delay.        
 

 
 
 
Figure 5.2 shows the key elements of DFC implementation in SIMULINK using DSP block sets for the 
visualization of results through scope. In the first step the data is acquired using the pulse generator and input 
base band signal, after obtaining the input form source, feeded converted into digital data form using A/D and 
sampled at the Nyquish rate and calculating the FFT using predefined blocks in DSP block set. After 
performing filtering, correlation is determined and the results are viewed using scopes in SIMULINK. 
 
 

5.3- Support for Commercial Products 
In the development of a new generation technology products, Mathworks provides major support in 
the development of algorithms, designing of the model base design, and in the analysis of data flow 
activity. In [2] major commercial level activities under the Mathworks tools for the development and 
analysis of rapid prototyping technique base models is the hottest topic for new generation 
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communication systems. This is because the most challenging factors for the organizations are how 
to manage the sources, while living within the organization and its partner’s limitations, and 
considering the tangible and intangible issues that might affect the achievement of desirable results.   
   
 
 
 5.4- Over view of Evaluation 
The main issues discussed in this thesis range from the evaluation of whole selected tool chain form 
model design to the targeting of the Texas hardware. During process of designing and 
implementation many questions arise, such as whether it is feasible for educational and commercial 
level implementation. From the many applications as mentioned earlier it is clear that rapid  
Prototyping is the most suitable for designing the large complex systems in a real time environment. 
The main idea behind this technique is to compare the results of every stage of the chain with the 
input parameters and previous stage results. In this way a method of check and balance on each other 
can be made. Once the required results are achieved through SIMULINK simulation they were then 
considered as a standard and can be used for making further progress. Next comes the RTW stage 
that generates the customized C code using TLC for target implementation, checking again and 
performing verification against this generated C code using tools like (MATLAB), if one finds the 
results perfect like the previous then one should go ahead and perform the next step for making the 
interface between the host PC and target DSP hardware. Using the TI compiler, customized C code 
was downloaded onto the target, before doing this all necessary ports were configured using CCS 
(Code Compose Studio). Now the entire compact efficient program has been downloaded onto the 
DSP and results were seen through the oscilloscope to make a comparison between the SIMULINK 
simulation and end results.      
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Figure 5.3 showing that the process starting with the model design specification with the model base design 
made in SIMULINK, initially a verification of results- the output is fed to the RTW for C code generation 
process, after this again verification is done to check out the results; if results are true, the next stage is 
followed otherwise it is fed back towards the previous one. 
 
 

5.6- Model design issues  
Once the model is designed using SIMULINK, it must be verified and tested against any missing 
state. There might be possibility to miss one state and enter in another one, so it causes severe lose 
of time and effort, which is not recommended for the rapid prototyping process. To be sure that the 
model Mathworks the SIMULINK design verifier should be introduced [16]. It can be proven by 
calculating the mathematical equations to explore the execution paths. 

5.7- RTW constraints 
Real Time Work Shop has its own limitations and constraints on the designed model, because it 
takes the models further by generating the C code for real time implementation. In [2] the Industrial 
rapid prototype designer claims that their experience with the quality of code generated by RTW is 
not very efficient. Therefore TLC is used along RTW to make the code effective. It is may be 
because of the .mdl file from SIMULINK. Sometimes to make the code very efficient we use the 
MATLAB defined S- function to write the code according to our own way and interface it with 
RTW. 
 

5.8- TI Compiler (CCS) and Target Hardware 
The key feature that makes it different from the other software implementation methods on target is 
its ability to analyze and fine-tune the target processor according to the goal. The main idea behind 
its use in the rapid prototyping technology is to avoid the rapidly growing bottleneck because of the 
execution of multiple applications on one processor or maybe due to rare availability of memory. TI 
totally depends on the target and host PC, so it must have the complete information about behaviour 
of these two domains through real time link establishment among them. Using TI interface real time 
data visualization, tuning dashboard, cache memory and much more can be achieved using rich built 
in libraries. 
 
C64x DSP library corresponds to functions in the Texas Instruments TMS320C64x DSP library 
assembly-code library, which target the TI C64x family of digital signal processors, using these 
function blocks to run simulations by building models in SIMULINK software, before generating 
code. Once the model is developed, Real-Time Workshop software was invoked to generate 
customized C code that is optimized to run on the C6416 DSK development platform or other C64x 
hardware. During code generation, each C64x DSP Library block in the model is mapped to its 
corresponding TMS320C64x DSP Library assembly-code routine to create target-optimized code.  
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In [18] it is claimed by TI that their compiler is more efficient in performance than the other 
available compilers. TI compilers are based on the technology of so-called “natural algorithms” that 
can enormously enhance code size without damaging functionality. “TI’s complier enhances code 
size the safe, natural way,” said Dr. Ruth. 
 

 

6 Future works 
 
Using rapid prototyping technique we can develop the product with short time, there is still need for 
its improvement, because the code generated from the RTW is not very efficient and contains some 
redundancy, therefore to eliminate this we have to use the s-function in MATLAB to inlined the C-
code generated from RTW. 
As the Tool Chain is based on the SW tools with enrich libraries which are it self created using the 
classical approach, there fore no doubt code generated through traditional approach is less error 
porn, but it needs more work and costly but  better in quality and reliability. Where as using rapid 
prototyping code is generated which is in good quality, and also take no time because the whole 
process is automatic. 
 So to improve the reliable results we need to improve the libraries which are the core part of rapid 
prototyping, during the whole process. 
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7 Conclusions 
The main purpose of this thesis was to write a theoretical survey report to evaluate the performance 
of tool chain involved in rapid prototyping technique and then propose the conceptual model of DFC 
using Mathworks and Texas DSP target hardware. The design of the rapid prototyping tool chain is 
based on the available soft test bed. Every part of this tool chain is an integral part of this rapid 
prototype with the custom hardware development for evaluation purpose. It is concluded that the 
whole process takes few steps if all elements to make a system are present. Configuration of 
SIMULINK, Real Time Work Shop and target hardware with CCS takes no time. The whole tool 
chain is state of the art technology form modelling in SIMULINK to target a real time application on 
TMS320C6416 DSP using TI compiler.  
The only requirement that makes a perfect rapid prototype is the skills of quickly using the available 
tools with some cleverness. The effect of using rapid prototyping technique is the reduction in the 
manufacturing time. Using this there is no need for hand coding and debugging, which is why the 
overall time span reduces effectively. 
The above discussion shows that rapid prototyping is a versatile technology in the sense of reducing 
the overall time of manufacturing, but there is still another parameter that we need to verify, the 
usability of a commercially available tool chain. The whole tool chain works in one flexible 
environment, due to its open architecture structure and it is easily possible to configure new 
hardware architecture using these tools in terms of the variety of new DSP applications. 
Using the rapid prototyping technique it is easy to investigate the performance of individual tools in 
terms of it its execution time for reliable results generation against sampling rate of systems. To 
obtain the maximum performance, all tools, data codes and evaluation modules attached to the 
system should be properly configured according to the algorithm. Results can be analyzed after each 
step by giving the feed back from output to input. 
There we conclude on the basis of our survey that rapid tool chain technique is quite efficient for 
practical implementation on commercial level especially with the base band signals implementation 
in communication systems. Using state of the art technology delay in the signals can easily be 
measured without putting large efforts in terms of designing, coding, and hardware manufacturing, 
which results not only the increase of overall cost but also take longer time cycles to build such 
systems. 
Therefore it is recommended not only as being suitable for research purposes at Halmstad University 
but also for commercial applications.  
Therefore based on the above discussion Dr Alec Robinson working at Texas Instruments states that 
“The DSP work shop is a promising tool suite for rapid DSP prototyping” 
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