
TSEI07, Digitala Filter 2013-05-29, Solutions
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Cauer, lowpass
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Chebyshev II, highpass
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Butterworth, bandpass
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Chebyshev I, bandstop
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b) Linear phase Type I FIR filter, can not be used as highpass filter, |H(1)| = |H(–1)|

c) FIR: + linear-phase, nonrecursive structures

        – high order, long delays

IIR:  + low order

        – nonlinear-phase, recursive structures

2) Requirements for analog LP-filter:

 

ωac
2
T
---

ωcT
2

---------- 
 tan

2
T
---

0,1786π
2

-------------------- 
  2

T
---0,288095≈tan= =

ωas
2
T
---

ωsT
2

--------- 
 tan

2
T
---

0,7143π
2

-------------------- 
  2

T
---2,076521≈tan= =

Filter order: nomogram => N = 4



Normalized poles:

S'2,3 0,1753531 j1,016253±–=

S'3 4, 0,4233398– j0,4209457±=

Zeros: 4 zeros i at S = ×

Denormalize with ωac =>

Poles:

s2,3 0,0505183 j0,2927774±–=

s3 4, 0,1219621– j0,1212724±=

Zeros: 4 zeros at s = ×

Transform into digital filter
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Poles:

z2,3 0,7666052 j0,4923494±=

z3 4, 0,7620053 j0,1904544±=

Zeros: 4 zeros at z = –1
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b) TCP = Tmult+4Tadd = 0.22 μs, Tmin = 0.5[Tmult+4Tadd] = 0.11 μs
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4) Requirements for the analog reference filter:
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LP specification
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Requirements on ωars and Amin => 15 Θ 15≤ ≤

Normalized element values

C’1 = C’3 = 0.9944, C’2 = 0.0463, L’2 = 1.0941

Denormalize with R = 1, ω0 = Ωc =1 => 

C1 = C3 = 0.9944, C2 = 0.0463, L2 = 1.0941

LP to HP transformation

C
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1
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L1 = L3 = 0.2414308, L2 = 5.185286, C2 = 0.2194304

Reference highpass filter and corresponding wave flow graph
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Adaptor coefficients

I: R1 1 L1⁄ 1 R⁄+( ) 1– 0,194478= =
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5 a) The filter is scaled according to the figure below where
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b) SNR at the output before scaling:
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SNR at the output after scaling:
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