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Abstract 

Digital Signal Processing (DSP) applications are requires many complex mathematical calculations. Mostly 

they are exclusively specified by SFG i.e. Signal Flow Graph. However, mostly their implementations are 

limited only on visualization tools. This paper will present the highlights of the reconfigurable platform i.e. 

FPGA for implementation of Real Time DSP Applications. The implementation of DSP applications using 

FPGAs is not an easy task, it is a complex design system. Hence this paper is also focus on encouragement 

for learning the concept and uses of such complex design system.  This paper will show merits of Xilinx 

System Generator tool along with its limitation before making it as an optimal choice for DSP applications 

implementation.   
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I. INTRODUCTION 

FPGA in modern technology era is been so articulated and advanced that it becomes an optimal 

choice for DSP engineer for real time implementations of DSP applications. FPGA are basically 

consists of a logic blocks that are connected to each other by programmable wires. Logic block is 

responsible to implement any logic functions as it contains the LUT (Look-Up table) and some 

memory blocks. Thus, FPGA are acceptable for implementing a simple logic gate to complex system 

design by simply mapping the internal resources of it. 

Also the small design time, reconfigurability and ease of access makes FPGA a perfect choice for 

design implementation for image processing, DSP application and complex system design. Although, 

lots of DSP engineer preferring the signal flow graph type of tools such as MATLAB as it supports   

more than 2,000 built in function for development and analysis for DSP algorithm. Extension of 

toolboxes in graphical format i.e. SIMULINK allow the user to design the architecture graphically 

and do the further simulation analysis in terms of timing and behavioral for the complete systems.But 

all of MATLAB and Simulink analysis are more on theoretically side rather than real time 

simulations. Thus there is a need of real time analysis of timing and behavioral analysis. Xilinx 

introduced firstly a tool named as Xilinx System Generator (XSG) for DSP. This tool provides the 

block libraries that can directly integrated into the Simulink tool. The Xilinx System Generatortool 

provides an easyimplementation of DSP algorithm for developers. It automatically creates the HDL 

(Hardware Description Language) design form MATLAB. This design now can be exported into the 

FPGA for real time implementation of DSP applications. There are various applications of FPGAs 

related to DSP. This paper focuses on the same.  

The upcoming sections of paper show the differences between FPGA and DSP Processors for DSP 

implementation. After that an insight of application areas of FPGAs and their design options 

availability. Section 3 covers the Design platform options for FPGA based designing and introduction 

to Xilinx System Generator. Section 4 summarizes the advantages and limitations of XSG. At last 

section 5 concluded the whole introductory research or survey.  
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II. COMPARISON : FPGAS VS DSP PROCESSORS 

DSPs and FPGAs are the two primary platforms for DSP function implementation. Where DSPs are 

the microprocessors with high speed computation facility, on the other hand FPGA is a reconfigurable 

hardware with programmable interconnects and LUTs for any logic implementation.  
FPGAs are the primarily platform for DSP application because of ease of use while on the other hand 
DSP processors does required a sound knowledge about the internal hardware command through 
MIPS. Also FPGAs supports only single chip applications on the other hand DSPs does required 
hardware for doing the processing and storing of the applications separately that increases the cost and 
also affect the throughput of the DSPs (Figure 1).  FPGA also supports multiple parallel processing 
whereas DSPs are 10 times lesser. Also for Multichannel applications designer requires more DSPs 
while with help of FPGAs it restricted to one only, thus FPGAs saves the cost and energy e.g. 200 
Tap FIR Filter would need 1 clock cycle per sample in FPGA where the same requires at least 25+ 
clock cycles. FPGAs provides the flexibility in terms of standards and adaptability in to increase the 
time to market. Also, now the FPGAs in market are well equipped with high Seed dedicated DSPs in 
built with better reconfigurable and infinite times of design implementation facility. Thus FPGAs 
offers a range of superiority when comparisons to other counter parts.  

 

 
 

 
 

Fig1. DSP vs FPGAs 

 

The FPGAs are also gain advantage when there is a need of reliability and maintainability when 

compared to DSP due to the improvement in design process. It also a fact about FPGAs are that the 

cost investment is also a gives the benefit for many years when compared with ASICs. The integration 

of verification tools, recent FPGA partitioning methods, test cases software simulation tools have 

increases the speed and simplification for development process with feature additions which 

simplifies the product maintenance.  

Although DSPs are still found their space when there is a need of Floating Point Arithmetic 

applications. The main reason for this is their processors are highly adaptable for effectively 

implementation of FPA. Also, major DSP engineers had grown their methodology.  Now, DSP 

engineers are ready to provide base designs for tools as per the need. These efforts provides the 

easiness of using DSP cores to code, optimize and debugging.  Also, most of the time standard C 

language is the base for implementation of DSP Algorithms. Thus, it can be easily modify or improve 

as per the standard and need. Since the signal processing algorithms are complex in Nature the DSP 
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Processors are most suited for them. Also, if there is any need for change or upgrade the algorithm, 

the user can update dynamically by simple routine calling.  However, recent FPGAs are so developed 

that they can be reconfigured very easily on-the-fly. 

III. OPTIONS FOR FPGA DESIGN 

For any type of designs there are some crucial important issues that always bother. These issues can 

be seen as Costing, Market time and power options. These are the also the base issues for FPGA 

based design. For FPGA based design there is a need of generation of hardware net list by using any 

HDLs (Hardware Description Language) i.e. VHDL or Verilog. These HDL can be written by the 

Behavioral, Data flow or Structural Specification.Now, as the technology advances the traditional 

HDLs are migrating to higher level languages. This migration is because of flexibility of FPGAs EDA 

tool. Now there are various High-Level tools and languages that supports FPGA such as System C 

produce EDIFs for various FPGA devices. Handle-C is a C based tool for other then VLSI engineers. 

AccelFPGA from Acela’s is a MATLAB based tool that generates RTL codes. Although, there are so 

many other software or tools available, but they are still in development phase and having their own 

limitations. Xilinx System Generator is going to be discussed in next section.  

A. Xilinx System Generator 

For real time implementation of DSP application, Xilinx provides System Generator environment. 

This tool provides the flexibility for use of FPGA in DSP application by using the model based design 

environment of MATLAB i.e. SIMULINK.In other words it can also be seen as System-Level 

modeling Tool. In this modeling Xilinx used to provide own design specific DSP blocks that are well 

accepted in Simulink environment. .Also it is well suited for rest of the FPGA design process i.e. 

ranging from Synthesis to final binary streams that make them real implementation on FPGAs. Xilinx 

provides more than 150 DSP building blocks that are fully supported by all versions of Simulink.By 

using these blocks the designer don’t have to bother about the optimization for the specific FPGA 

device. Hence, System Generator gives full guarantee of using the FPGA resource utilization, which 

can easily be seen by resource estimation. Further there is one more advantage of using this tool is 

that it provides the environment for Hardware-Software co-simulation in order to real time analysis of 

the DSP algorithms.  

 

 
Fig2. System Generator Design Flow 

Figure 2 shows the Design flow for System Generator. System generator also provides a hassle and 

error free environment because of no need for writing the HDL codes rather than it simply generates 

it. Hence, It is very useful for those DSP engineers who prefer MATLAB rather than any EDA Tool.  
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IV. ADVANTAGES AND DISADVANTAGES OF SYSTEM GENERATOR  

This section deals with the pros and cons of System Generator. The following sub-section points out 

the Advantage of System Generator and later on their limitations.  

A. Advantages of System Generator 

 The design validation before hardware implementation is the main advantageous feature of 

System Generators. This is possible due to the Bit-true and Cycle-accurate analysis properties 

provided by System generator.  

 In order to update or modify the design for several other architectures, it provides a full flexibility. 

This facility can be avail by simply modifying the some parameters rather than whole design.  

 By using dedicated Xilinx block set on system generator, the designed circuit can easily be 

analyzed on any version of MATLAB. There is no need for Hardware until and unless it is hardly 

required.  

 System generator makes the life easy by generating the RTL and Test bench code that helps in 

easily and broad verifying of the design.  

 In order to achieve optimized design implementation, system generators provides helping hands 

for architects by integrating a dedicated DSP core block set with Simulink based blocks.  

 It also reduces the design time by many orders because of its GUI based design entry and 

reusability of the code along with automatic block configuration.  

 HW-SW co-Simulation feature increased the acceptability and reliability among the DSP 

engineers.  

B. The System Generator Limitations 

As everybody knows that all tools or software using now a days are not 100% perfect i.e. every 

system has its limitations. The System generator also falls in the same category. In order to use this 

one should lnow its limitations too in order to use it effectively.  

 Xilinx system generator does not support all blocks available on Simulink. Thus, one cannot 

easily generate hardware by using these basic blocks. Thus there is a great gap between modeling 

and implementation on hardware.  

 There is a memory constraint with system generator especially for large designs. As, it takes too 

much time built the hardware model for these designs.  

 The lack of flexibility lies while using dedicated Xilinx DSP blocks. On the other hand Matlab 

provides full flexibility of their counter blocks. Also for different types of application the designer 

has to done lots of parametric calculations. 

 There are limitations in number of blocks and their function.  

 Systems Generator is not an easy tool to learn also especially for under-graduate students.  

 The Simulation time of Simulink model is much higher than System Generator. This is because of 

the different simulation methodology.  In one simulation time, System generator only able to 

process one piece of data while on the other hand Simulink process hundred pieces of data.   

 

These limitations considers System Generator as an under development and thus not fully acceptable.  

However, it is updating regularly in order to provide better performance and more block sets.  
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V. CONCLUSIONS 

Technology advancement in VLSI design process along with effective tools for modeling makes 

FPGA a good platform.  Now-a-days it is only highly acceptable medium for hardware development 

and implementation.It is more suitable for high-speed, high-demand applications that require complex 

computations. There are so many research had been carried out that shows FPGAs has the potential of 

performing signal processing applications as they are well equipped with embedded and DSP 

processors.  

The system level design tool i.e. System Generator provides the facility of hardware design using 

FPGA while integrating the Simulink/Matlab features in various ways. Thus, this facilitates a more 

meaning and powerful system level modeling scenario. The salient features of XSG have been 

discussed in this paper. It also been demonstrated that makes XSG an excellent platform for high level 

design tool for DSP applications based on FPGA. It also shows that the XSG also benefited with less 

time to design, verification and analysis. Also the design environment and speed of simulation has 

been improved  in multiples of 2 to 4 times when compared to traditional HDL methods. As the 

research work is going on certainly XSG would become a single table platform for applications 

widely.  
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