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• IIR Filter Structures

• Direct Filter Structure

• Cascade Filter Structure

• Parallel Filter Structure

• Transposed Filter Structure

• FIR Filter Structures

• Direct Filter Structure

• Cascade Filter Structure

• Parallel Filter Structure
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Digital Filter Structures

Criteria for suitable structure

1. Number of additions and multiplications

2. Number of additions and multiplications (for parallel

implementation)

3. Number of registers and delay units

4. Calculation speed for serial or parallel implementation

5. Characteristic diagrams of errors



Digital Filter Structures

Fundamental blocks

a) Adders

b) Multipliers

c) Delay units

𝑥1(𝑛)

𝑥2(𝑛)

𝑥1 𝑛 + 𝑥2(𝑛)

𝑥(𝑛) 𝑎𝑥(𝑛)

𝑎

𝑥(𝑛) 𝑥(𝑛 − 1)
𝑧−1

+



+

+

Digital Filter Structures
Implementation of the secondary IIR digital filter based on the

fundamental blocks:

𝑦 𝑛 = 𝑎1 𝑛 − 1 + 𝑎2𝑦 𝑛 − 2 + 𝑏𝑥(𝑛)

𝑧−1

𝑧−1
𝑥(𝑛)

𝑏
y(𝑛)

y(𝑛 − 1)

y(𝑛 − 2)

𝑎1

𝑎2



• IIR Filter Structure

• FIR Filter Structure

Digital Filter Structures



Digital Filter Structures : IIR

Structures

• Direct Filter Structure l

• Irregular Filter Structure ll

• Direct Filter Structure ll

• Cascade Filter Structure

• Parallel Filter Structure

• Transposed Direct Filter Structure l

• Transposed Direct Filter Structure ll



Digital Filter Structures : IIR

An IIR filter with the following transfer function:

𝐻 𝑧 =
σ𝑘=0
𝑀 𝑏𝑘 𝑧

−𝑘

1 − σ𝑘=0
𝑁 𝑎𝑘 𝑧

−𝑘

can be described by the function:

𝑦 𝑛 = σ𝑘=0
𝑁 𝑎𝑘𝑦 𝑛 − 𝑘 + σ𝑘=0

𝑀 𝑏𝑘𝑦 𝑛 − 𝑘



Digital Filter Structures : IIR

Direct Filter Structure l

A simple implementation of the IIR filter described.

++++++ +

𝑧−1 𝑧−1 𝑧−1

𝑧−1 𝑧−1 𝑧−1

𝑥(𝑛) 𝑦(𝑛)

𝑎1 𝑎2 𝑎𝑘

−𝑏𝑘 −𝑏𝑘−1 −𝑏𝑘−2 −𝑏1



Digital Filter Structures : IIR

Direct Filter Structure ll

The delay lines are merged into

one.

Minimum number of delays is

achieved.

+ +

𝑧−1

𝑧−1

𝑧−1

𝑧−1

𝑥(𝑛) 𝑦(𝑛)𝑏0

𝑏1

𝑏2

𝑏3

𝑏𝑀

−𝑎0

−𝑎1

−𝑎2

−𝑎𝑁



Digital Filter Structures : IIR

Cascade Filter Structure

Used in the implementation of digital filters, because there is only

one elementary block whose coefficients are changing.

𝑥(𝑛)

𝑧−1

𝑧−1

−𝑎11

−𝑎12

𝑏11

𝑏12

𝑧−1

𝑧−1

−𝑎21

−𝑎22

𝑏21

𝑏22

𝑧−1

𝑧−1

−𝑎𝑘1

−𝑎𝑘2

𝑏𝑘1

𝑏𝑘2

y(𝑛)



Digital Filter Structures : IIR

Parallel Filter Structure

If 𝑀 < 𝑁 𝑡ℎ𝑒𝑛:

𝐻 𝑧 = 

𝑘=1

Τ[(𝑁+1) 2]
𝛾0𝑘 + 𝛾1𝑘𝑧

−1

1 − 𝛼1𝑘𝑧
−1 − 𝛼2𝑘𝑧

−2

𝑥(𝑧) 𝑦(𝑧)

𝐻1 𝑧

𝐻2 𝑧

𝐻𝑁 𝑧



Digital Filter Structures : IIR

Transposed Direct Filter Structure l

𝑥(𝑛)𝑦(𝑛)
𝑏0

𝑏1

𝑏𝑁 −𝑎𝑁

−𝑎1

𝑧−1𝑧−1



Digital Filter Structures : IIR

Transposed Direct Filter Structure ll

𝑥(𝑛)𝑦(𝑛)
𝑏0

𝑏1

𝑏𝑁−𝑎𝑁

−𝑎1

𝑧−1



• IIR Filter Structure

• FIR Filter Structure
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Digital Filter Structures : FIR

Structures

• Direct Filter Structure

• Transposed Direct Filter Structure

• Cascade Filter Structure

• Lagrange Filter Structure

• Frequency Sampling Structure

• Linear Phase Even Structure

• Linear Phase Odd Structure



Digital Filter Structures : FIR

FIR filter is described by the equation:

𝐻 𝑧 = 

𝑛=0

𝑁−1

ℎ(𝑛)𝑧−𝑛



Digital Filter Structures : FIR

Direct Filter Structure

𝑥(𝑛)

y(𝑛)

𝑧−1 𝑧−1 𝑧−1 𝑧−1

ℎ(0) ℎ(1) ℎ(2) ℎ(3) ℎ(𝑁 − 1)



Digital Filter Structures : FIR

Transposed Direct Filter Structure

𝑥(𝑛)

y(𝑛)

𝑧−1 𝑧−1 𝑧−1 𝑧−1

ℎ(𝑁 − 1) ℎ(𝑁 − 2) ℎ(𝑁 − 3) ℎ(2) ℎ(1) ℎ(0)



Digital Filter Structures : FIR

Cascade Filter Structure

𝑥(𝑛)

𝑧−1

𝑧−1

y(𝑛)

𝑧−1

𝑧−1

𝑧−1

𝑧−1

𝛽01

𝛽11

𝛽21

𝛽02

𝛽12

𝛽22

𝛽0 Τ[Ν 2]

𝛽1 Τ[Ν 2]

𝛽2 Τ[Ν 2]



Digital Filter Structures : FIR

Lagrange Filter Structure

𝑥(𝑛)
𝑦(𝑛)

1 − 𝑧−1𝑧0 1 − 𝑧−1𝑧1 1 − 𝑧−1𝑧𝑁−1

1

1 − 𝑧−1𝑧0

1

1 − 𝑧−1𝑧1

1

1 − 𝑧−1𝑧𝑁−1



Digital Filter Structures : FIR

Frequency Sampling Structure

𝑦(𝑛)
𝑥(𝑛)

1 − 𝑧−𝑁

1

1 − 𝑧−1

1

1 − 𝑧−1𝑒 Τ𝑖2𝜋 𝑁

1

1 − 𝑧−1𝑒 Τ𝑖2𝜋(𝑁−1) 𝑁

Τ𝐻0 𝑁

Τ𝐻1 𝑁

Τ𝐻𝑁−1 𝑁



Digital Filter Structures : FIR

Linear Phase Even Structure

𝑥(𝑛)

𝑦(𝑛)

𝑧−1 𝑧−1 𝑧−1

𝑧−1 𝑧−1 𝑧−1

𝑧−1

ℎ(0)

ℎ(1) ℎ(2) ℎ( Τ𝑁 2 − 2) ℎ( Τ𝑁 2 − 1)



Digital Filter Structures : FIR

Linear Phase Odd Structure

𝑥(𝑛)

𝑦(𝑛)

𝑧−1 𝑧−1 𝑧−1

𝑧−1 𝑧−1 𝑧−1

ℎ(0)

ℎ(1) ℎ(2) ℎ
𝑁 − 3

2
ℎ

𝑁 − 1

2
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Q & A

Thank you very much for your attention!

More material in 

http://icarus.csd.auth.gr/cvml-web-lecture-series/ 

Contact: Prof. I. Pitas

pitas@csd.auth.gr
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