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Abstract— 

A relatively recent innovation in the domain of digital 

filtering has been the introduction of signal processing 

applications with effective power utilization. No scope towards 

the effective and efficient architecture realization with existing 

part of literature, and hence investigation is made and is 

confined with cascade form of filter design. In this project, 

architectures are realized based on common set of specifications 

to arrive at the high-performance recursive filter for low power 

applications using Xilinx System Generator. Infinite Impulse 

Response (IIR) filters can be realized in many forms those are 

Direct form-I, Direct form-II, Cascade, parallel form. All these 

structures provide a space for selection of an appropriate 

architecture for reduction of power consumption and 

improvement in speed of digital filters. In this particular work, a 

5th order low pass IIR filter is realized in Direct form-I, Direct 

form-II, Cascade form (Direct form-I/ Direct form-II) as an 

example of the methodology in a Xilinx FPGA device. Also 

corresponding power analysis was performed. As per power and 

timing analysis reports at high frequency range example at 

100MHz Direct-II form consumes 0.565W and Direct-I form 

consumes 0.532W, at high loads Direct-I form consumes 0.317W, 

Direct-II form consumes 0.323W. Cascade form is mostly used to 

implement high order filters. When a filter is implemented by 

cascade form direct-I form consumes 0.648W, direct-II form 

consumes 0.728W.from these results i finally concluded that 

cascade (Direct form-I) realization is the best technique to 

implement higher order IIR filters when power is a main 

constraint, cascade (Direct form-II) technique is best with area 

and speed as constraints. 

Index Terms— IIR filter, Direct form, Cascade form, Xilinx 
System generator. 

 
I. INTRODUCTION 

NEED FOR LOW POWER: All high-

performance systems need to reduction of power dissipation 

and power consumption [11] [12] since it is desirable to 

maximize the runtime with minimum requirements in size, 

weight of batteries and battery life. That’s why the 

technology with low power consumption has become a 

major subject in today’s electronic world.  

Now a day’s most of the applications, like medicine, 

military, speech processing, telecommunication, image 

processing etc. All are implemented by using DSP 

processors because of its great accuracy, reliability, and 

flexibility in configuration. To build a sophisticated DSPs 

for that we are concentrating on the internal elements of 

processor, In DSP processors architecture is one of the 

important elements is digital filters. An important design 

constraint for implementation of high-performance DSP 

processors is power consumption of the device and must be 

addressed. In fact, the prodigious performance of the filter is 

one of the key reasons that DSP has become very popular. 

Filter eliminates the unwanted frequency response in signal. 

The unwanted factor generates the noise in signal so the 

system could not work properly and does not give accurate 

information. So, the main function of the filter is to filtering 

this noise signal and could provide accurate information of 

the system. Based on the types of processing signal, filters 

are classified into two types. Those are digital filters and 

analog filters. 

In recent years digital filers [4] have received a 

great deal of attention. Here digital filters design is an 

important discussion because digital filters offers better 

features which are not present in any other filter 

technologies. It is observed that a huge amount of efficiency 

improvement within less time for computation at the same 

level of signal of intrest.   

 

II. DIGITAL FILTER 

 

 A digital filter is an important component of a digital 

signal processing system, which is widely used in signal 

filtration, detection and prediction. In recent years Digital 

filters have received a great deal of attention. Here digital 

filters design is an important discussion because digital filters 

offer better features that have not present in any other filter 

technologies. We can do things by utilizing digital filters 

(unlimited flexibility) that may not be possible by the analog 

world.  

Types of Digital Filters: 

Finite impulse response or FIR filter 

Infinite impulse response or IIR filter 

FIR filters: 
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The impulse response is finite because there is no feedback in 

the FIR. A lack of feedback guarantees that the impulse 

response will be finite.  Therefore, the term "finite impulse 

response" is also called as "non recursive filter". In which the 

impulse response h(t) does become exactly zero at 

times t > T for some finite T, thus being of finite duration. 

 

 

For a causal discrete-time FIR filter of order N, each 

value of the output sequence is a weighted sum of the most 

recent input values: 

Y[n] = b0 x[n]+b1 x[n-1]+.......+bNx[n-N] 

=∑ bi. x[n − i]
𝑁

𝑖=0
 

Where: 

 x[n] is the input signal, 

 y[n]is the output signal, 

 N is the filter order; an Nth-order filter 

has (N+1) terms on the right-hand side 

 bi is the value of the impulse response at the i instant 

for 0<i<N of an Nth-order FIR filter. If the filter is a 

direct form FIR filter, then bi is also a coefficient of 

the filter. 

This computation is also known as discrete convolution. 

These terms are commonly referred to as taps, based on the 

structure of a tapped delay line that in many implementations 

or block diagrams provides the delayed inputs to the 

multiplication operations. One may speak of a 5th order/6-tap 

filter, for instance. 

The impulse response of the filter as defined is 

nonzero over a finite duration. Including zeros, the impulse 

response is the infinite sequence: 
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If an FIR filter is non-causal, the range of nonzero 

values in its impulse response can start before n = 0, with the 

defining formula appropriately generalized. 

IIR filters: 
The impulse response is infinite because there is 

feedback in the IIR that’s why it is called as Infinite Impulse 

Response" (IIR), so when you input an impulse, the output 

theoretically rings indefinitely. Therefore, the term "finite 

impulse response" is also called as "recursive filter". 

 

 

 

 

 

 

Fig: IIR filter 

 

 

𝑦(𝑛) =∑𝑎𝑘

𝑁

𝑘=1

𝑦(𝑛 − 𝑘) +∑𝑏𝑘

𝑀

𝑘=0

𝑥(𝑛 − 𝑘) 

 

In this current equation output y(n) is a function of past output 

and past and present input FIR filters are given more stable 

response compared to IIR filters 

Truth tables: 2-4 DECODER  

 

TYPES OF IIR FILTERS 
The modern design methodology for linear 

continuous-time filters is called network synthesis. Some 

important filter families designed in this way are: 

 Chebyshev filter 

 Butterworth filter 

 Bessel filter 

 Elliptic filter 

 Chebyshev filter: 
Chebyshev Filters are analogue or digital filters 

having a steeper roll-off and more pass band ripple (type I) or 

stop band ripple (type II) than Butterworth filters. Chebyshev 

filters have the property that they minimize the error between 

the idealized and the actual filter characteristic over the range 

of the filter, but with ripples in the pass band. This type of 

filter is named after Pafnuty Chebyshev because its 

mathematical characteristics are derived from Chebyshev 

polynomials. 

Because of the pass band ripple inherent in Chebyshev filters, 

the ones that have a smoother response in the pass band but a 

more irregular response in the stopband are preferred for 

some applications. 

 Type I Chebyshev filter: Type I Chebyshev Filters 

are the most common types of Chebyshev filters. 

The gain (or amplitude) response, as a function of 

angular frequency  of the nth-order low pass filter is 

equal to the absolute value of the transfer 

function  evaluated at: 
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where ɛ  is the ripple factor, ω0  is the cut-off frequency and 

Tn  is a Chebyshev polynomial of the nth order. 

 
Fig 1: Frequency Response of Chebyshev type-1 Filter 

 Type II Chebyshev filters: 

Also known as inverse Chebyshev filters, the Type 

II Chebyshev filter type is less common because it does not 

roll off as fast as Type I, and requires more components. It 

has no ripple in the passband, but does have equal ripple in 

the stopband. The gain is: 
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Fig 2: Frequency Response of Chebyshev Type II Filter 

 

 Comparison with other linear filters: 
The following illustration shows the Chebyshev 

filters next to other common filter types obtained with the 

same number of coefficients: 

 

Fig 3: Various Illustrations 

Chebyshev filters are sharper than the Butterworth Filter; they 

are not as sharp as the elliptic one, but they show fewer 

ripples over the bandwidth. 

 Butterworth filter: 

The Butterworth Filter is a type of signal processing 

filter designed to have as flat a frequency response as possible 

in the pass band. It is also referred to as a maximally flat 

magnitude filter. 

 

Fig 4: Frequency Response of Butterworth Filter 

Butterworth had a reputation for solving 

"impossible" mathematical problems. At the time, filter 

design required a considerable amount of designer experience 

due to limitations of the theory then in use. The filter was not 

in common use for over 30 years after its publication. 

Butterworth stated that: 

"An ideal electrical filter should not only completely 

reject the unwanted frequencies but should also have uniform 

sensitivity for the wanted frequencies". 

Such an ideal filter cannot be achieved but 

Butterworth showed that successively closer approximations 

were obtained with increasing numbers of filter elements of 

the right values. At the time, filters generated substantial 

ripple in the passband, and the choice of component values 

was highly interactive. Butterworth showed that a low pass 

filter could be designed whose cut-off frequency was 

normalized to 1 radian per second and whose frequency 

response (gain) was 

n
G

21

1
)(





  

where ω is the angular frequency in radians per second 

and n is the number of poles in the filter—equal to the number 

of reactive elements in a passive filter. If ω = 1, the amplitude 

response of this type of filter in the passband is 21  ≈ 

0.707, which is half power or −3 dB.  

The frequency response of the Butterworth filter is 

maximally flat (i.e. has no ripples) in the passband and rolls 

off towards zero in the stop band. Compared with 

a Chebyshev Type I/Type II filter or an elliptic filter, the 

Butterworth filter has a slower roll-off, and thus will require a 

higher order to implement a particular stopband specification, 

but Butterworth filters have a more linear phase response in 

the pass-band than Chebyshev Type I/Type II and elliptic 

filters can achieve. 

There are four techniques used to design IIR filters: 

 The Bilinear transformation method. 

 The Impulse Invariant method 

 Matched z-transform 

 Approximate Derivative method 

Bilinear transformation: 

Bilinear transformation method for analogue-to-digital 

filters conversion. The bilinear transformation is a 

mathematical mapping of variables. In digital filtering, it is a 

standard method of mapping the s or analogue plane into 

the z or digital plane. It transforms analogue filters, designed 

using classical filter design techniques, into their discrete 

equivalents. The bilinear transformation maps the s-plane into 

the z-plane by 
1

1
2

)()(






z

z
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This transformation maps the jΩ axis (from Ω = –∞ to +∞) 

repeatedly around the unit circle (ejw, from ω = –π to π) b
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III.IIR Filter Architecture Realization: 

DIRECTFORM-I: 

Direct form-I realization of IIR filters starts with this 

expression: 






N

k

N

k

knykaknxkbny

10

][][][][][  

 The first part of the expression refers to 

non-recursive part and later refers to recursive part of IIR 

filter. In IIR filter direct-I realization, these two parts are 

separately considered and realized. Directform-I realization of 

IIR filters starts with this expression: 

As non-recursive and recursive part of IIR filter are 

separately realized, it doesn’t matter which of them will be 

used first in filtering process. 

Fig 5: IIR filter direct form-I realization 

 

Direct form-I realization requires in total of 2N delay lines, 

(2N+1) multiplications and 2N additions. 

As seen from above figures direct-I form realization 

requires a total of 2N delay lines, (2N+1) multiplications and 

2N additions, Where N is the order of the filter. 

 

For example: 

Consider a 3-order equation 

We can implement a H(Z) as a cascade of two filter functions 

 

 

 

 

Where 

  

 

  

 

 

 

 

A cascade of the two structures realizing a H1(Z) and H2(Z) 

leads to the realization of H(Z) is shown below: 

 

 

 

 

 

 

 

 

 

 

 

Fig 6: H(z) function realization 

DIRECTFORM-II 

Direct form-II realization structure reduced the 

number of delay lines to the minimum, in this realization 

structure the number of delay elements are equal to order of 

the filter i.e. N, Direct canonic structure uses (2N+1) 

multiplications and 2N additions 
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Here Recursive and non-recursive parts of the IIR filter are 

not realized separately 

 
Fig 6 : IIR filter direct form-II realization 

 

For example: 

Consider a 3-order equation 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7: H(z) realization in direct form-I 

CASCADE FORM REALIZATION: 
The cascade form structure is nothing but a cascade 

or series interconnection of the sub transfer functions or sub 

system functions which are realized by using the direct form 

structures (either direct form-I or direct form-II or 

combination of both), In cascade form realization, the given 

transfer function H (z) is expressed as a product of a number 

of second order or first order sections as shown below 
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Fig 8: Block diagram representation of H(z) 
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Cascade realization (Direct form-I/Direct form-II):

 
Fig 9: Cascade Architecture in Direct Form-II 

 
 

Fig 10: Cascade Architecture in Direct form-I 

 
Cascade form realization is used to implement high order 

filters which are realized by using either direct from-I / direct 

form-II depending on user constraints. 
 

 

IV.IIR FILTER DESIGN AND IMPLEMENTATION 
 

STEP1: Generate filter coefficients by using MATLAB FDA 

tool. 

 

Filter Specifications:  

Sampling frequency Fs=6 Khz 

Pass Band frequency Fp=2 Khz 

Stop band frequency Fstop=2.5 Khz 

Pass band attenuation Ap=1 

Stop band attenuation Astop=22 

Order=5 

 

STEP2: Generated Transfer function for above filter 

specifications using MATLAB syntax “fit” 

 

54321

54321

0609.04631.0485.1531.2312.21

2454.0227.1454.2454.2227.12454.0
)(










ZZZZZ

ZZZZz
ZH  

 

 

3

3

2

2

1

1

3

3

2

2

1

10

1)(

)(
)(










zdzdzd

zpzpzpp

zD

zP
zH

 

Hk(Z) 

 
H1 (Z)
 

 

 
 

 

  
 

H2 (Z) 
 

Y(Z) 

 
X(Z) … 

X[

n] 

P2 

P0 

P1 

-d2 

-d3 

3 

Y[

n] 
-d1 

P3 

3 

Z
-1 

Z
-1 

Z
-1 

http://www.jetir.org/


© 2022 JETIR August 2022, Volume 9, Issue 8                                                       www.jetir.org (ISSN-2349-5162) 

JETIR2208224 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org c237 
 

STEP3: Realizing transfers function in Direct Form-I, Direct 

Form-II, Cascade Forms using XILINX System Generator.  

 

STEP4: HDL Code generation using system generator 

 

STEP5: Generate synthesis report to verify filter constraints 

such as area, delay and power 

 

STEP6: Perform timing and power analysis for the realization 

techniques. 

 

STEP7: Comparison of Delay and Power reports. 

IMPLEMENTATION FLOW CHART: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.2: Implementation flow chart 
 

 

 

 

 

Fig 11: Flow chart 

 

V. IMPLEMENTATION OF AN IIR FILTER 

  

 The following architecture is proposed for the 

implementing the designed filter using the basic blocks 

available in the Xilinx block set of MATLAB system 

generator like adders, multipliers and delays. 

 

 
Fig 12: Implementation of an IIR filter in system generator 

Subsystem design: 

 

Direct form-I 

 

Design of a 5th order filter in direct form-I using 

subsystem. 
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Fig 13: Realization of a filter in Direct form-I 

 

Direct form-II 

 

Design of a 5th order filter in direct form-II using 

subsystem. 
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Fig 14: Realization of a filter in Direct form-II 

Perform the simulation and generate power 

reports for each realization using Xilinx 

Xpower analyzer 

END 

START 

Consider filter specifications 

Open MATLAB andtype fdatool in command 

window 

According to the given specification generate 

a filter response in FDAtool 

Export the filter coefficients to the work space 

Generate the filter transfer function based on 

filter coefficients in command window 

Open MATLAB simulink library and realize 

the function with help of Xilinx block set 
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Cascade form realization (Direct form-I) 

 

Design of a 5th order filter in cascade form using 

Direct form-I realization. 

 

 

 
 

 

Fig 15: Realization of a filter in Cascade form (Direct form-I) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cascade form realization (Direct form-II) 

 

Design of a 5th order filter in cascade form using 

Direct form-I realization. 

 

 
 

 

 

    Fig 16: Realization of a filter in Cascade form (Direct 

form-II) 

 

 

VI RESULTS 

 

DELAY response of different realization structures 

 

REALIZATION 

 

DELAY 

DIRECT-I 61.74ns 

DIRECT-II 50.353ns 

CASCADE DIRECT-I 56.723ns 

CASCADE DIRECT-II 55.36ns 

 

POWER response of different realization structures 
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DIREC

T-I 

DIREC

T-II 

CAS

CAD

E 

(Direc

t-I) 

CASC

ADE 

(Direct-

II) 

100MH

z 0.254 0.247 0.228 0.229 

200MH

z 0.295 0.286 0.271 0.298 

500MH

z 0.377 0.396 0.421 0.471 

1000M

Hz 0.532 0.565 0.648 0.728 
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Fig 17:Memory and delay of realization structures 

 

 
 

Fig 18:Power report of realization structures at different 

frequency ranges 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 19: Power report of realization structures at different 

loads 

 

 

 

 

 

VII. CONCLUSION 

We have so many realization architectures to 

implement IIR filter like Direct Form-I, Direct Form-II, 

Cascade (Direct form-I/ Direct form-II), parallel form. All 

these structures provide a space for selection of an 

appropriate architecture for reduction of power 

consumption and improvement in speed of digital filters.  

Efficient algorithms are realized to implement 

high order filter with respect to power consumption, 

delay, area. Direct form-I technique is best suitable to 

implement high order filter when power is major 

constraint.  

On the other hand, Direct form-II technique is 

best suitable to implement high order filter when speed, 

area is major constraint. 
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