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ABSTRACT - In this paper we propose to implement a method for Reconfigurable 

Finite Impulse Response (FIR) filters using embedded FPGA. For many applications, the 

growth of algorithmic complexity is already faster than the growth of computational 

power provided by discrete general purpose processors. A typical approach to address 

this problem is the combination of a processor core with dedicated accelerators. Since 

changes in standards or algorithms can change the demands on the accelerators, an 

attractive alternative to highly customized VLSI macros is the use of Reconfigurable 

Embedded FPGAs.             

           Embedding a processor inside an FPGA has many advantages. Specific peripherals 

can be chosen based on the application, with unique user-designed peripherals being 

easily attached. A variety of memory controllers enhance the FPGA embedded processor 

system’s interface capabilities. FPGA embedded processors use general-purpose FPGA 

logic to construct internal memory, processor busses, internal peripherals, and external 

peripheral controllers (including external memory controllers). Soft processors are built 

from general-purpose FPGA logic as well. As more pieces are added to the embedded 

processor system, the system becomes increasingly more powerful and useful. However, 

these additions reduce performance and increase the embedded system cost, consuming 

FPGA resources. 

 

Key Words - Field Programmable Gate Array (FPGA), Finite Impulse Response (FIR), 

Digital Signal Processing (DSP), Embedded FPGA (EFPGA). 

 
I. INTRODUCTION 

 
         The Finite Impulse Response (FIR) filter is used in many Digital Signal Processing (DSP) systems to 

perform signal preconditioning, anti-aliasing, band selection, decimation/interpolation and low-pass filtering 

functions. In high-performance applications, digital filters need to operate in real-time, i.e. data have to be 

processed immediately after they have been acquired.  

The throughput of real-time FIR filters is often limited by the processing capability of the system. Providing 

a system with a high processing speed and flexibility is therefore a crucial factor.  

The FIR-filter computes an output from a set of input-samples. These input samples are multiplied 

by a set of coefficients and then added together to produce the output, hence the filter behavior is determined 
by the set of coefficients.    

 

 
Fig 1: FIR Filter Design 
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             High throughput is often a crucial requirement in real-time systems. Also, there is a need to have 

flexible systems that can be changed according to new specifications. FIR-filters can be implemented in 

either hardware or software. Systems based on software are flexible, but due to the sequential nature of 

program execution, they often suffer from insufficient processing capability. Dedicated hardware can 

provide the highest processing performance, but is less flexible for changes. 

 
Fig 2: Parallel Implementation of FIR Filter 

 

In Figure 1 FIR Filter Implementation requires 256 operations in one clock cycle. In Figure 2 

Parallel Implementation will require at least 256 clock cycles to calculate on one point of the output. 

However, the improvement in performance obtained with the parallel implementation usually requires 
expensive dedicated hardware.  

Reconfigurable hardware devices offer both the flexibility of computer software, and the ability to 

construct custom high performance computing circuits. Thus, in many cases they achieve a good 

compromise between software and hardware solutions. The flexible nature of these devices opens up a new 

range of circuits that exploits their reconfigurability. A large variety of real-world applications exist for such 

hardware.  Another advantage of FPGAs is the fact that they can accept last minute design modifications as 

well as future design iterations without making extensive software or hardware changes, saving both time 

and money. Also, designing the FPGA using a hardware description language such as VHDL makes the 

design portable and easy to change and test. Apart from being design-flexible, FPGAs provide optimal 

device utilization through conservation of board space and system power which are important advantages 

not available with many stand-alone DSP chips MAX-232 is primary used for building electronics with an 
RS-232 interface. Serial RS-232 communication works with voltages (-15V ... -3V for high) and +3V ... 

+15V for low) which are not compatible with normal computer logic voltagesMAX-232 is primary used for 

people building electronics with an RS-232 interface. Serial RS-232 communication works with voltages (-

15V ... -3V for high) and +3V ... +15V for low) which are not compatible with normal computer logic 

voltages 

 

 FPGA-based FIR filter 

The objective of the work presented in this paper is to implement a reconfigurable FIR filter in an 

FPGA. First, a basic cell to implement one tap of the FIR filter is designed and then the basic cell is 

replicated to form the required FIR filter. The coefficients and some routing resources will be downloaded 

on-line, so that the characteristic equation of the filter can be altered on-the-fly. 

 

   
II. OBJECTIVE 

 
The objective of the project is to design the RECONFIGURABLE FIR FILTER which can reduce the noise 

in communication, medicine & signal processing. 

Module-Based Partial Reconfiguration  
                     The modular design flow allows the designer to split the whole system into modules. For each 

module, the designer generates a configuration bit stream starting from an HDL description and going 

through the synthesis, mapping, placement, and routing procedures, independently of other modules. The 

modular design flow consists of Modular Design Entry / Synthesis and Modular Design Implementation. 

Modular Design Entry and Synthesis step must be done for top-level design and the modules. Top-level 

design is designed by team leader and consists of black box for each sub-modules and wiring for 

interconnection of each sub-modules. 
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Fig 3: Module Based Partial Reconfiguration Flow. 

                          

          It is further broken down depending on if communication is needed between modules. For designs 

where the modules are completely independent (e.g. no common I/O except clocks) and there is no 

communication between modules, bus macros are not needed. However, for modules that do communicate 

with each other, a special bus macro (allows signals to cross over a partial reconfiguration boundary. 

Without this special consideration, inter module communication would not be feasible as it is impossible to 

guarantee routing between modules. The bus macro provides a fixed "bus" of inter-design communication. 

Each time partial reconfiguration is performed, the bus macro is used to establish unchanging routing 

channels between modules, guaranteeing correct connections. 

 

Reconfigurable FIR Filter Design 

 
Fig 4: FIR-Filter on EFPGA: Design Space 
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            The FIR filter computes an output from a set of input samples, which is multiplied by a set of 

coefficients. And then the FIR filter adds together to produce the output. Implementation of FIR filters can 

be undertaken in either hardware or software. A software implementation will require sequential execution 

of the filter functions. The partial reconfigurable n-order FIR filter, which can implement from n=8 to 20. 

This FIR filter consists of three PR multiply accumulate (MAC) module and one right-side NIAC module, 

which is connected by bus macros. And each PR MAC module has three kinds of M\AC structure: 1, 2 and 3 
rMAC units, which include the serial-to-parallel register to get coefficient inputs in serial.  

         There is a fixed logic and also PR (partial reconfiguration) logic where a static and reconfigurable 

design can be implemented. The block diagram of our proposed design, where different order filters can be 

implemented in less reconfiguration time. 

 
Fig 5: Block Diagram of Partial Configurable N-order FIR Filter. 

 
III. IMPLEMENTATION 

 
A. Hardware Description Language (HDL) design and synthesis 

 

                Partial reconfiguration requires a hierarchical design approach that must be strictly followed 

during the HDL coding process. The first step of the PR design flow is to define 3 kinds of HDL design 

description and then synthesize those HDL descriptions separately. These HDL design descriptions are 
composed to following three design modules. 

 

1) Top-Level design  

 

The top-level module that does not contain any logic only contains I/O instantiations, clock 

primitives, static module instantiations, partial reconfiguration module instantiations, and signal 

declarations. In addition, the top-level module must define bus macros. The based design and each PRM 

must be connected through the bus macro. 

 

2) Base design  

 

            The static modules contain logic that will remain constant during reconfiguration. This step is same 
with traditional HDL design method, but the static modules cannot contain any clock or reset-related 

primitives. In the proposed design, the control manager is implemented by the based design. 

 

B. Embedded FPGA 

 

               Embedded processing with field programmable gate arrays (FPGAs) combines the ultimate in 

customization and scalable performance. Their ability to adapt and quickly respond to changing system 

requirements provides significant advantages across a broad range of applications. Simply put, FPGAs are 

general-purpose platforms upon which developers can develop customized single or multiprocessor systems. 

                          Discrete off-the-shelf processor ASSPs or ASIC-based devices have a fixed selection of 

processor(s), peripherals and performance. With the embedded processing capability in FPGAs, whether 
using integrated hard processor blocks or configuring FPGA fabric as soft processing blocks, developers can 

tune systems to meet their specific application requirements. FPGAs are not constrained by predefined 

system architectures and are inherently programmable and configurable. In effect, they can achieve the 

perfect balance between a processor performing command and control functions and FPGA logic capable of 

high-performance data processing. 
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Fig 6: Comparison of Embedded COREs 

 
C. FPGA Embedded Processors 

The Field Programmable Gate Array (FPGA) is a general-purpose device filled with digital logic 

building blocks. The two market leaders in the FPGA industry, Altera and Xilinx, are the focus of this study. 

Many other programmable logic companies exist, although their products are not discussed in this paper. 

The most primitive FPGA building block is called either a Logic Cell (LC) by Xilinx or a Logic Element 

(LE) by Altera. In either case, this building block consists of a look-up table (LUT) for logical functions and 

a flip-flop for storage. In addition to the LC/LE block, FPGAs also contain memory, clock management, 

input/output (I/O), and multiplication blocks. For the purposes of this study, LC/LE consumption is used in 

determining system cost.  

 
IV. ADVANTAGES AND DISADVANTAGES 

 
A. Advantages 

             The FPGA Embedded Processors architectures feature flexible internal memory resources that can 

be configured in a variety of different sizes. Most flexible combination of memory resources are available in 

Embedded FPGA. 

             Giving all users the ability to fit their desired memory array size into the device while achieving the 

desired performance—without wasting vast quantities of resources and power.  

 Hard core 

 Faster 

 Fixed position 

 Few devices 

 
B. Disadvantages 

                     One of the major disadvantages is the so called reconfigurable overhead, which is the time 

spent for reconfiguration. This depends on the reconfigurable device and the method of reconfiguration. 

 
V. CONCLUSION 

 
In this Project, we present a reconfigurable FIR filter design using embedded FPGA, which has area 

efficiency, flexibility and configuration time advantage allowing dynamically inserting and/or removing the 

partial modules.  

The proposed method produces a reduction in hardware cost and allows performing 

reconfiguration, where a reduced bit-stream reconfigures the reconfiguration module. This proposed design 
can also be designed by embedded FPGA reconfiguration flow by identifying only the difference between 

the different FIR order filters and generating particular partial bit files and can be reconfigured. 

The design methodology presented in this paper is an important step for the evaluation of embedded FPGAs 

that are optimized for a certain application domain. By using a common, highly flexible architecture 

template, the eFPGA-architecture can be tailored to a given application domain systematically.  
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The self-contained design methodology presented here enables the VLSI-design as well as basic 

tools for verification and simulation. Hence, the complexity of mapping exemplary data paths to the eFPGA 

is reduced significantly compared to previous work.  

Using the simulation results based on actual VLSI layouts of the eFPGA, a high-level model of the 

architecture is currently evolving that allows for a systematic analysis of the dependencies between eFPGA 

architecture, mapped data paths and the according efficiency. 
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