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Abstract— In this paper, we examine the optimal throughput 

of the Elliptical IIR filter using pipelined MAC optimization 

techniques, which are relevant for real time application. By 

formulating filter design as a multi-objective optimization 

problem and approaching. Different approaches are utilized 

for implementing of these methods in hardware. In this work 

FPGA implementation of Elliptical IIR filters is examined 

and the comparison of these methods is done by analyzing 

the hardware cost and performance. 
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I. INTRODUCTION 

Signal processing is the study, interpretation, and 

manipulation of signals. Signals are electrical 

representations of time-varying of one dimension or more 

than one dimension  it can be either analog or digital. 

Signals of interest include speech, sound, images, radar 

signals, and many others.Processing of these  signals 

includes filtering, storage and reconstruction, separation of 

information from noise , image compression and feature 

extraction. Digital filter are used extensively in all areas of 

the electronics industry. This is because the digital filter has 

the potential to attain much better  signal to noise ratio than 

analog filters and at each intermediate stage the analog 

filters add more noise to signal, the digital filters performs 

noiseless mathematical operations at each intermediate step 

in the transformation. As the digital filter has emerged as a 

strong option for removing noise, shaping spectrum, and 

minimizing inter symbol interference in communication 

architecture. These filters have become popular because 

they're precise reproducibility allows design engineers to 

achieve performance level that are difficult to obtain to 

analog filter 

II. IIELLIPTICAL IIR FILTER 

IIR filters are digital filters with infinite impulse response. 

Unlike FIR filters, they have the feedback (a recursive part 

of a filter) and are known as recursive digital filters 

therefore for this reason IIR filters have a much better 

frequency response than FIR filters of the same order. 

Unlike FIR filters, their phase characteristic is not linear 

which can cause a problem with the systems which need 

phase linearity. For this reason, it is not preferable to use IIR 

filters in digital signal processing when the phase is of the 

essence. Otherwise, when the linear phase characteristic is 

not important, the use of IIR filters is an excellent solution. 

An elliptic filter is a signal processing filter with 

equalized ripple behavior in both the passband and the stop 

band. The amount of ripple in each band is independently 

adjustable, and no other filter of equal order can have a 

faster transition in gain between the passband and the stop 

band, for the given values of ripple (whether the ripple is 

equalized or not). Alternatively, one may give up the ability 

to independently adjust the passband and stopband ripple, 

and instead design a filter which is maximally insensitive to 

component variationsThe algorithm for generation of 

optimal architecture is evolved in section VI. 

Implementation platform and architectural considerations 

are specified in section V, followed by presentation of 

experimental results and performance comparisons in 

section VI. Finally, the conclusions of this study are drawn 

in section VII. 

III. DESIGN SPECIFICATION 

The filter design algorithm starts with the specifications and 

requirements of the desirable IIR filter. The design 

specification used in the paper is same as specified in the 

already proposed  design algorithm [6]. 

The design parameters or specification are as follows 

(1) Sampling Freq (Hz) = 44100  

(2) Pass band Freq (Hz) = 20000 

(3) Stop band Freq (Hz) = 20050 

(4) Stop Gain (dB) =96 

(5) Passband ripple (dB) = 1 

IV. MATLAB BASED ELLIPTICAL IIR FILTER 

A type of Elliptic IIR filter is designed using m code 

according to the specifications. The designed Elliptic filters 

are acquirable in both the passband and stopband. This filter 

meets requirements with the lowest order of any supported 

filter type. For the Given specification the filter order is 16 

and the match exactly ripple in both passband and stopband 

.The implementation cost of the filter in term of adder and 

multiplier is 32, 32 these are the magnitude response (db) 

and Phase Response (radian) of Elliptic Filter  

 

Fig. 1:  Magnitude response (db) and Phase Response 

(radian) of Elliptic Filter 

IIR filters allow flexibility in the location of both poles and 

zeros in the system functions given below. Each IIR filter of 

order 16 will contain zeros, and poles not located at z = 0. 

The location of poles and zeros of the transfer function is 

very important for discrete-time system analyses and 
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synthesis. According to their location it is to test the stability 

of a discrete-time system, detect round-off errors made due 

to a software implementation of a filter as well as coefficient 

errors encountered during hardware implementation of a 

filter.All the poles and zeroes is lie in left half of  the s plane 

thus the designed filter is stable. 

 
Fig. 2: Pole/Zero Plot of Elliptic Filter 

 

V. PROPOSED DESIGN IMPLEMENTATION 

A new modified circuit for implementing high performance 

IIR filters based on a pipelined multiply-accumulate (MAC) 

is proposed. Clever deployment of latches in the circuit 

allows the results to be generated once every cycle, thereby 

providing increased performance with reduced size and 

enhance speed over previously designed 

 

Fig. 3: Block diagram of the Low Pass (LPF) Elliptical IIR 

using Proposed Algorithm 

the ISIM is use for simulating  design algorithm  first we 

have create a library and compile the source code into that 

library Now the generated circuit is simulated using Xilinx 

simulator (ISIM)  and the corresponding input and output 

waveform are shown in below 

 

Figure 5.5 Simulation of proposed Algorithm of Elliptical 

IIR Filter 

VI. EXPERIMENTAL RESULTS 

This design is based on Lowpass Elliptical IIR filter, using 

the fully serial and MAC algorithm method. convert the 

designed IIR filter of the M language into hardware 

description language; then verify and synthesize the IIR 

design using ISE 13.2 of Xilinx. The design is verified by 

timing simulation and can be implemented on FPGA 

directly. The key of this design is to analyze the IIR digital 

filter algorithm, then describe it through the synthesizable m 

language and finally convert the m program to RTL. The 

aim of this paper is to simplify the IIR digital filter design 

The Table below shows the Area & the Timing Results for 

the lowpass Elliptic IIR Filter using pipelining MAC 

algorithm The implemented results are shown for the FPGA 

Xilinx®vertax5 (xc5vlx220-2ff1760. The table below shows 

the number of resources used out of the available resources. 

 

Fig. 4:Design Summary of Proposed Algorithm 

 

Fig. 5: Design parameter chart  of Proposed algorithm 

PARAMETER DESIGN 

ALGORITHM

[1] 

PROPOSE

D 

ALGORIT

HM 

Number of  Slice 2520 1102 

Maximum 

Frequency 

175.23 137.43 

Table 1: comparison of Proposed Algorithm &design 

algorithm     [1] 
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Fig. 6: chart of Comparison of Area and Frequency 

Constraints 

VII. CONCLUSION 

The proposed design of low pass, elliptical IIR filter is 

implemented using pipelined MAC algorithms on vertex 5 

fpga. The maximum frequency of 137.43 MHz is obtained 

by consuming 1102 pieces and 1134 LUTs to give a static 

filter. The area and speed has decreased to 21.57% (in term 

of frequency), 56.27% (in term of slices) of the existing iir 

filter. Results of implementation of filters through MAC 

have indicated superior performance as compared to the 

existing IIR filter. 
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