
DSA – Feb. 15, 2021

Topics: sinusoidal response, transients, time-constants, transfer functions, pole-zero 

placement designs, noise reduction, group delay, SMA, EMA, and zero-lag filters, 

block diagrams, direct, canonical, transposed, and lattice realizations.



Sinusoidal Response

steady-state sinusoidal response



Sinusoidal Response

steady-state



Sinusoidal Response

transient response

double-sided vs. one-sided sinusoids



transient response

stable and causal H(z) with distinct poles strictly inside the UC, and degN < M+1



transient response

steady-state transients



transient response

time constant in samples

40-dB and 60-dB time constants

pole of largest radius, or, lying closest 

to the UC from the inside



Pole-Zero Pattern



Filter Design by 

Pole-Zero Placement

see the files

notch-digital.pdf

notch-analog.pdf



project-2 topics

s21pr02.pdf

1. group delay property

2. noise reduction

3. signal enhancement

4. transients, time constants

5. SMA, EMA, PMA, DEMA filters



group delay property for narrow-band pulses



group delay property for narrow-band pulses

DTFT properties – O&S Ch.2 Table 2-2



group delay property for narrow-band pulses

group 

delay

phase

delay



Transfer Function Realizations I2SP – Ch.7

direct form, DF-1

realization



Transfer Function Realizations

direct form, DF-1

realization

v1(n+1)  =  x(n)

v2(n+1)  =  v1(n)

w1(n+1) =  y(n)

w2(n+1) =  w1(n)



direct form, DF-1

realization

sample processing



canonical form, DF-2

realization



canonical form, DF-2

realization



canonical form, DF-2

realization

w1(n+1)  =  w0(n)

w2(n+1)  =  w1(n)



canonical form, DF-2

realization



canonical form, DF-2

realization

sample processing

w2(n+1)  =  w1(n)

w1(n+1)  =  w0(n)



transposed 

realization



transposed 

realization



transposed 

realization

sample processing



transposed 

realization

transposition rules

1. replace adders by nodes

2. replace nodes by adders

3. reverse all flows

4. interchange input and output



lattice / ladder 

realizations



lattice / ladder 

realizations



lattice / ladder 

realizations



lattice / ladder 

realizations


