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AbstrAct

The reduced complexity design of the IIR filter is discussed in this paper. The use of 
the IIR filter has been variably increasing during the present times and they are real-
time applications. The filter complexity reduction is done to increase the usage of 
filters in FPGA. In this method, the coefficients are expressed in the form of 1’s and 
0’s. The multiplied delays have been used which is used to scale down the complexity. 
Signal Flow Graph plays a critical role in identifying the difficult path. IIR Filter is 
programmed on basis of the Synchronous Data Flow and Pipelining. The Half Band 
IIR filters are used for high-performance applications. This design is processed to 
implement in FPGA which will result in higher speed and the cost will be variably 
decreased as well as the consumption of power. The entire process is implemented by 
using the Verilog language which reduces the complication and speeds up the whole 
process.
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IntroductIon

The system which has an impulse response for a limitless 
amount of time is observed as Infinite Impulse Response 
(IIR)filter. It is one of the filter which is digital which 
consists of adders, Delay, MCU, SoC and processors.[1] 
Presently these filters are widely being used for diverse 
applications including communications which includes 
messaging, signal processing of the video and audio 
and etc. The digital signal processing systems which are 
modern have a wide number of usages for these filters.[1]  
When compared to the FIR filters these filters has fast 
computation speed and the complexity of these filters are 
also less. These filters work in real time and are faster 
compared to the others. In IIR filter, the output depends 
on past inputs, present inputs and previous outputs.[1-14]

The transfer function can be written as

             
(1)
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It is unstable and consists of both poles and zeroes. It depends 
on previous filter, it is called Recursive Filter. It does not have 
a linear Phase Character. IIR filters are designed using Analog 
filters such as Butterworth filter, Chebyshev Filter and also the 
Elliptical Filter.[2]

In order to design IIR filter, we use methods such 
as Impulse Invariant Method, Matched Z-Transform and 
Bilinear Transformation. These methods are used to design 
Low pass IIR filters. In order to design high order IIR filter, 
filter stages of all pass filter, the delays and the masking 
filter methods.[15-32]

The frequency components of the input signals is 
allowed by the all pass filter which does not have any 
attenuation and the all pass filter will also provide different 
frequency of predictive phase shifts of the input signal. All 
Pass Filters are also named as Delay Equalizers or Phase 
Correctors.[3] The Amplitude of an all pass filter is unity. 
Phase changes from 0 degrees to 360 degrees. Applications 
such as Communications, when the transmission lines 
send the signals from one point to another point they 
undergo phase change. The all pass filters will be utilized 
to compensate the phase change.
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All Pass Filters are generally used for altering the 
phase response of IIR filter without effecting Magnitude 
response. The IIR filters which are of All pass contain the 
properties which are beneficial which includes the number 
of multiplications which will be reduced, the characteristic 
of the phase in pass band which is highly linear and the 
group delay which will be cut down.[33-39]

For example we can get the IIR Filter which is of high 
pass from the Low Pass IIR Filter.[18], [40]
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It is unstable and consists of both poles and zeroes. It depends on previous filter, it is
called Recursive Filter. It does not have a linear Phase Character. IIR filters are
designed using Analog filters such as Butterworth filter, Chebyshev Filter and also the
Elliptical Filter [2].

In order to design IIR filter, we use methods such as Impulse Invariant Method,
Matched Z-Transform and Bilinear Transformation. These methods are used to design
Low pass IIR filters. In ord er to design high order IIR filter, filter stages of all pass

filter, the delays and the masking filter methods [15]-[32].
The frequency components of the input signals is allowed by the all pass filter

which does not have any attenuation and the all pass filter will also provide different
frequency of predictive phase shifts of the input signal. All Pass Filters are also
named as Delay Equalizers or Phase Correctors [3]. The Amplitude of an all pass
filter is unity. Phase changes from 0 degrees to 360 degrees. Applications such as

Communications, when the transmission lines send the signals from one point to
another point they undergo phase change. The all pass filters will be utilized to
compensate the phase change.

All Pass Filters are generally used for altering the phase response of IIR filter
without effecting Magnitude response. The IIR filters which are of All pass contain
the properties which are beneficial which includes the number of multiplications
which will be reduced, the characteristic of the phase in pass band which is highly
linear and the group delay which will be cut down [33]-[39].

For example we can get the IIR Filter which is of high pass from the Low Pass IIR
Filter [18], [40].

  = 1∗ 0  +1
2

(2)

ℎ  = 1∗ 0  −1
2

(3)

Fig. 1. All-pass Implementations of Low Pass IIR Filters

To implement the IIR filter based on All pass filter, is designed 
in MATLAB.[2]

In this paper, the implementation of is done by 
using a very high speed hardware description language 
simply known as VHDL. For FPGA the description for the 
application specific digital structure can be done by using 
VHDL.[1] It has very vast library packages. This will be used 
in every step of the process. The processing of the data 
for the mathematical equations is very effective using 
the VHDL language and also for calculating the frequency 
response and for the processing of numbers. The searching 
for the coefficeints and filtering the characteristics of 
the filter becomes faster and easier using this. When 
comparing to the other tools which are used for design, 
the VHDL provides a lot of features and the implementation 
will be featured in the FPGA and the optimization will 
be more enhancing.[2] There are many advantages to the 
VHDL language. Some of them are the portability which 
allows the which allows the description of the device to 
be used on other tools, the flexibility which allows the 
description of the code of complex logic, it is independent 

of any device which means that the code can be run on 
any device irrespective of the operating system and also 
it is very time efficient.[41-44]

IntroductIon to FPGA
The IIR filters have been used widely and have many 
applications for their flexibility, the cost of the filter 
and speed is variably suppressed when it comes to high 
order filters.[2] So FPGA are implemented to achieve the 
results that we want to get. The Field programmable gate 
array which can also be referred to as FPGA. This is one 
of the several styles of design of the VLSI technology. 
These contain a huge number of the logic gates and 
the interconnects which are programmable. The major 
applications of these are in wireless communication, 
medicine, electronic devices etc. For the applications 
which are of the type of low volume they provide 
prototyping which is considerably very fast and also a 
very effective designing of the chip. These provide the 
sampling rate which is variably higher than those of 
the older versions of the DSP chips. In this the device’s 
configuration can also be altered according to our use. In 
this the duration of the design is shorter which gives an 
advantage.[1]

The FPGA will result in many advantages to the 
filter and also makes the implementation easier and 
is mostly used to lessen the overall cost of the filter. 
In this the resources for the internal logic are various 
the configurations for applications which give high 
performance are magnificent. They type of the filter 
which is IIR filter taken in the FPGA will be concatenated. 
The IIR filter which is implemented using FPGA will give 
high throughput with efficient utilization. In this FPGA 
a set of coefficients will be searched for limitations of 
the frequency response which will be used as base.[5] The 
filter will be concatenated VHDL or Verilog are used to 
describe the model of the coefficients which are built-in 
which is supported by the FPGA. In several applications 
which include communications which require high speed 
FPGA is the only resolve for the IIR filter.[5]

Proposed Work
IIR filter is also developed by Frequency Response 
Techniques. It is used to design arbitrary-band filter and 
Narrow band Filter with different Specifications. Each of 
the delay will be changed by ‘m’ delays as it is the basic 
principle of the frequency masking.[3]

It is retrieved by connecting the periodic model filter 
and masking filter. FRM approach is mostly applicable 
for modeling the narrow band and arbitrary-band filters 
featuring with sharp filters with tiny word length effects.[1]  

Series connection of periodic model filter G(n^m) and 
masking filter (S(n)).[5]

Fig. 2. All-pass Implementations of Low Pass IIR Filters

Fig. 2: All-Pass implementations of High Pass IIR filters



Kh. Ariunaa, et al. : FPGA based Digital Filter Design for faster operations

Journal of VLSI circuits and systems, , ISSN 2582-1458 58

 K (n) = G (n^m).S (n) (4)

The images produced by the G (n^m) is eliminated by 
masking filter. G (n^m) is obtained by G (n). This G (n) is 
obtained from all pass functions where

 G (n) =Go (n) +G1 (n)/2 (5)

 Gc (n) = Go (n)-G1 (n)/2 (6)

As the above equations state the low pass filter model 
for the G(n) and the other equation states the High pass 
complementary model filter for the Gc(n).

From the above equations G(n) is the function of the all 
pass filter and Gc(n) is complementary all pass function and 
diagrams will be same as fig 1 and fig 2.The overall filter 
of the transition band will be N number of times smaller 
when compared to the model filter. S (n) will be half band 
Fir filter which is a masked filter which helps in masking.[6]

It is the Magnitude Response of the Arbitrary Bandwidth 
IIR filter. 

The Complementary Pair should satisfy the property is 

 |G (n) + Gc (n)|=1 (7)

The steps to design are
a. Obtain the Half Band Filter Design using Matlab 

Default Code (Buffer).Half Band IIR Filter is used to 
achieve fastness in computation, consuming of less 
power and miniaturization.

b. Find and Display the Coefficients of all Pass 
branches.

c. Define all Pass Branches and Display the Frequency 
response using freqz

d. Form and Compute frequency response of the 
equations G (n) and Gc (n).

e. Replace the delays with m and form masked FIR 
Filters (Fo(n) and F1(n)) which are used to remove 
the unwanted Spectra.

Fig. 3: Block Diagram for masking approach

f. Compute frequency response of 

 H(n)=G(n^m)*Fo(n)+Gc(n^m)*F1(n) (8)

When in contrast with the FIR filters the IIR filters 
have minimum complexity and the effectiveness of the 
filtering will be greater. The usage of the FPGA system 
is limited and is less as its throughput is reduced and has 
more sensitivity due to rounding of the coefficient. Due 
to the path length which is critical the speed of the filter 
is limited to a certain amount.

The algorithm of the IIR filter is visualized by the 
Synchronous Data Flow which consists of coefficient 
multipliers, delays of the registers and the circles which 
are of the multipliers and adders. It consists of 4 multiplier 
units but only the adder and the multiplier has the crucial 
path.[6] The clock frequency which is maximum is very 
much larger in the other signal flow graphs compared to 
the stages of all pass and the pipelining is maximum for 
the signal flow graph.

In order to reduce the critical path, the multiplication to 
coefficient Ci in the above diagram should have minimized 
delay. We need to find out the Ci values. Signal Flow 
Graphs optimization techniques like retiming, pipelining 
and folding are not able to minimize the delay [4]. The 
integration of the filter which used the multiplied delay 
method and the masked filter is a complex optimization 
method which can’t reduce the delay [1]. By replacing the 
multipliers which are of hardware to a different address 
we can improve the functionalities of the IIR filter in FPGA 
and also make it run a lot faster.

In order to limit the problem, a Verilog code is 
programmed based on Signal Flow Graph of 5th order low 
pass filter. Through this, we can easily implement the 
IIR filter in FPGA for a better pace. In order to limit the 
problem, a Verilog code is programmed based on Signal 
Flow Graph of 5th order low pass filter. Through this, we 
can easily implement the IIR filter in FPGA for a better 
pace. Pipelining is one of the technique which helps in 
reducing the crucial path between the input and output. 
In this process, it computes the time carried by the crucial 
path, time carried by the adders and the multipliers.  

Fig. 4 IIR Filter Magnitude Response Fig. 5: SDF for Low Pass Filter of Order N=5
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Conclusion 
In this paper, it is displayed that the critical path is 
recovered. An IIR filter is programmed for efficient 
implementation in FPGA. The high-quality IIR filters can 
be derived from all pass sections and Masking Methods. 
We can gain the characteristics such as less sensitivity 
of the coefficients, minimal consumption of power and 
faster speed of computation when masking approach is 
performed. The problem of mapping data flow graphs(DFG)
of infinite impulse response(IIR) filtering algorithms into 
application specific structure is considered. Methods of 
optimization of DFG’s are considered for the purpose of 
finding IIR filter structures with the high throughput and 
hardware utilization. Optimization method is proposed 
which takes into account of the structural properties of 
FPGA, minimize it’s hardware volume, and provide the 
designing pipelined structures with high clock frequency.
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