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Active Inverse Hausdorff Filters 
Peter St. Apostolov1, Michael Bl. Momchedjikov2 

 
Abstract - This paper presents a method for synthesis of two 

kinds of active inverse filters with Hausdorff-type transfer 
characteristic. The filter frequency characteristics are 
determined and a comparison with Chebyshev inverse filters is 
given. 
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I. INTRODUCTION 

Hausdorff filters are implemented by "shifted" Delta-
function approximation ( )xχ  with Hausdorff polynomial 
(Fig. 1): 
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2 1 / 2n n n

x xP x T Tε ε
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⎛ ⎞ ⎛ ⎞= =⎜ ⎟ ⎜ ⎟− −⎝ ⎠ ⎝ ⎠
, (1) 

where ε  is the Hausdorff space, nT  is Chebyshev 
polynomial of first order and n degree, α is a parameter. The 
αε product determines precision estimation of approximated 
"shifted" Delta-function in point 1 where it has first-order 
indeterminacy or infinite steepness. 

 
Fig. 1 

The inverse Hausdorff filters are of two types: A type and B 
type [2]. They have characteristics similar to Chebyshev 
inverse filters. Magnitude responses of third-order Hausdorff 
inverse filters compared to Chebyshev inverse filter are shown 
on Fig. 2. The three characteristics have identical pass-bands. 
For infinite attenuation frequencies the following equations 
are valid: 

 ( )/ 1 / 2A Cf f αε= − ; ( )1 / 2B Cf f αε= − . (2) 
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Fig. 2 

II. SYNTHESIS IMPLEMENTATION 

Let's take an example to illustrate the filter synthesis: 
An active inverse Hausdorff filter is to be calculated - of A 
type, forth order 4n = , cut-off frequency 1KHzcf = ; stop 
frequency 2.135kHzsf = , limit frequency characteristic drop 

2dBDA = , pass-band gain 
0 1A = , selective component values 

10kR = Ω  and 10nFC = . The filter will consist of two cascade 
two-order amplifier stages - Boctor circuit [3], [4]. 
The limit frequency characteristic drop is calculated: 

 0.110 1 0.7648DAk = − = . (3) 
The attenuation of inverse Chebyshev filter of the same stop 
frequency's input data is defined [1]: 
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From the established value the Hausdorff space and the 
product αε could be found [2]: 
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; (5) 
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The inverse Hausdorff filter stop-band minimal attenuation 
and equivalent ripple 

1ε  is defined: 
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The active inverse Hausdorff filter stop frequency attenuation 
is equal to: 
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The filter poles and zeros are defined: 
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The filter amplifier stages indexes are calculated [4]: 
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The coefficient is defined: 
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Denominated pole-zero frequencies can be found from: 
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Selective values 10kΩ and 1nF are assigned to 7iR  and 8iC  to 
define circuit minimal capacitance: 
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Standard values are accepted: 
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Discriminants are calculated: 
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Then the remain circuit elements are determined: 
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The active inverse Hausdorff A-type filter electrical 
schematics is shown on Fig. 3 

 
Fig. 3 

The filter magnitude response is shown on Fig. 4. The marked 
values coincide with the values calculated in formulas (7) and 
(9). 

 
Fig. 4 

An active inverse Hausdorff B-type filter [2] can be 
calculated using the described procedure. The changes are the 
following: 
Formula (7) becomes: 
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Formula (9) becomes: 
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Formula (12) becomes: 
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Formula (13) becomes: 
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An active inverse Hausdorff B-type filter electrical 
schematics with the same input data is shown on Fig. 5. 

 
Fig. 5 

 
Fig. 6 

Active inverse Hausdorff A and B - type frequency 
characteristics compared to the same input data Chebyshev 
filter frequency characteristics are shown on Fig. 6, 7 and 8. 

 

Fig. 7 

 
Fig. 8 

III. CONCLUSION 

On the figures we can see that the two types of inverse 
Hausdorff filters are complimentary of one another. 
Compared to Chebyshev's, the first type shortcomings are 
second type advantages. This leads to greater opportunities in 
filter design. The frequency characteristics specificity is 
defined from Hausdorff space with a parameter α. This means 
that the inverse Hausdorff filters are unique and without 
analogous using other type of approximation. 
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