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Direct Form 

Considering the widely used 
Edge triggered
D-type Flip Flops

H (z) =
N (Z )
D (z)

=
b0 + b1 z

−1 + b2
−2

1 + a1 z
−1 + a2 z

−2

yn = − a1 yn−1 − a2 yn−2 + b0 xn + b1 xn−1 + b2 xn−2



Direct Form
(1A) 5 Young Won Lim

11/10/23

Direct Form 

z−1

b0

z−1

b1

b2

z−1

z−1

−a1

−a2

v0(n)

v1(n)

v2(n)

w 0(n)

w1(n)

w2(n)

x(n) y (n)

H (z ) =
N (Z )
D (z )

=
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Direct Form 

v0(n) = x (n)

z−1

b0

z−1

b1
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z−1
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−a2

v0(n)

v1(n)

v2(n)

w0(n)

w1(n)

w2(n)

x(n) y (n)

v1(n) = x (n−1) = v0(n−1)

v2(n) = x (n−2) = v1(n−1)

w0(n) = y (n)

w1(n) = y (n−1) = w0(n−1)

w2(n) = y (n−2) = w1(n−1)

v1(n+1) = v0(n)

v2(n+1) = v1(n)

w1(n+1) = w0(n)

w2(n+1) = w1(n)
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v1(n+1) = v0(n)

v2(n+1) = v1(n)

w1(n+1) = w0(n)

w2(n+1) = w1(n)

yn = − a1 yn−1 − a2 yn−2 + b0 xn + b1 xn−1 + b2 xn−2

yn = − a1 yn−1 − a2 yn−2 + b0 v0(n) + b1v1(n) + b2v2(n)
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Direct Form 

z−1

b0

z−1

b1

b2

z−1

z−1

−a1

−a2

v0(n)

v1(n)

v2(n)

w0(n)

w1(n)

w2(n)

x(n) y (n)

w0(n) = b0 v0(n) + b1 v1(n) + b2v2(n)

v0(n) = x (n)

y (n) = w0(n)

v1(n+1) = v0(n)

v2(n+1) = v1(n)

w1(n+1) = w0(n)

w2(n+1) = w1(n)

w0 = b0 v0 + b1v1 + b2v2

v0 = x

v1 = v0

v2 = v1
w1 = w0

w2 = w1

y = w0

−a1w1(n)−a2w2(n) −a1w1−a2w2

for each input sample x do :
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H (z) =
N (Z )
D (z)

=
b0 + b1 z

−1 + b2
−2 + ⋯+ bL z

−L

1 + a1 z
−1 + a2 z

−2 + ⋯+ aM z
−M

yn = − a1 yn−1 − a2 yn−2 −⋯− aM yn−M + b0 xn + b1 xn−1 + b2 xn−2 + ⋯+ bL xn−L

yn = b0 xn + b1 xn−1 + b2 xn−2 + ⋯+ bL xn−L
− a1 yn−1 − a2 yn−2 −⋯− aM yn−M



Direct Form
(1A) 10 Young Won Lim

11/10/23

Direct Form 

z−1

b0

z−1

b1

b2

z−1

z−1

−a1

−a2

v0(n)

v1(n)

v2(n)

w 0(n)

w1(n)

w2(n)

x(n) y (n)

z−1

bL

z−1

−aM
vL(n) wM (n)



Direct Form
(1A) 11 Young Won Lim

11/10/23

Direct Form 

z−1

b0

z−1

b1

b2

z−1

z−1

−a1

−a2

v0(n)

v1(n)

v2(n)

w0(n)

w1(n)

w2(n)

x(n) y (n)

z−1

bL

z−1

−aM
vL(n) wM (n)

H (z ) =
N (Z )
D (z )

=
b0 + b1 z

−1 + b2
−2 + ⋯+ bL z

−L

1 + a1 z
−1 + a2 z

−2 + ⋯+ aM z
−M

yn = b0 xn + b1 xn−1 + b2 xn−2 + ⋯+ bL xn−L − a1 yn−1 − a2 yn−2 −⋯− aM yn−M



Direct Form
(1A) 12 Young Won Lim

11/10/23

Direct Form 



Direct Form
(1A) 13 Young Won Lim

11/10/23

References

[1] S. J. Ofranidis , Introduction to Signal Processing


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13

