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Sensitivity investigations of second-order  

bandpass/bandstop filter sections 

Maria Nenova  

 

Three recursive tunable biquadratic sections are studied and compared in this paper. The 

transfer function sensitivities and the impact of the quantization process of the multiplier coefficients 

on the behavior of the structures were investigated. The sections compared have low sensitivities for 

transfer function poles positions near the area z = 1. Another important advantage of the investigated 

sections is the possibility of realization a full number of transfer functions in their different outputs. 

The sensitivity was investigated in the worst-case. The transfer function coefficients are represented in 

canonic sign digit code and are quantized respectively to 2, 3 and 4 significant bits. The magnitude 

responses behavior of the second order structures are investigated in limited wordlength environment. 

It is shown that proper selection of the sections is very important in order to minimize the entire 

structure sensitivity and to improve the behavior of the realizations. All the results are verified 

experimentally. 
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1. Introduction 

Bandstop/bandpass (BS/BP) filter second order 

sections are investigated in this paper. The good per-

formance of higher order BS/BP transfer functions is 

based on the proper selection of the first and second 

order section structures. When designing such type of 

structures the main aim is the independent tuning of 

the central frequency and the bandwidth (BW) of the 

BP/BS transfer function [1]. A number of structures 

are presented in [2]. 

Usually, for the single sinusoids real-time tuning 

the single second order BP/BS section [3], [4], [5] 

should be used. In the case of complex signals [6] 

composed of a number of sinusoidal signals a cascade 

realization of first and second order sections can be 

used.  

One of the features for assessment of different 

structures is the sensitivity to parasitic effects 

criterion.  

There are a great number of approaches for 

sensitivity evaluation. The analysis is based on the 

sensitivity investigations and the effects occurring 

after the process of quantization. The sensitivity is one 

of the most important features investigated when 

digital filters are implemented in hardware or in 

software environments. If the digital filter structure is 

sensitive to parasitic effects then it worsens the 

characteristics.  

There is no unified opinion which type of 

sensitivity is the best for evaluation of the sensitivity 

of the digital circuits. Almost all types of sensitivity 

are hard to be estimated mathematically. In the present 
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paper the so called “worst case sensitivity” is used. In 

this approach the signs of each partial part of the 

equation are not taken into account. The worst-case 

sensitivity (WS) is also called maximum sensitivity 

and can be evaluated according to the equation [5]: 
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Three second-order digital filter sections with low 

sensitivity for TF(Transfer function) poles positions 

near z=1 are investigated in this paper. It is shown that 

some sections present good sensitivity properties even 

in a severely limited wordlength environment. The 

worst case is the low frequency band when structures 

based on direct realization as in [7], [8] are 

implemented.  

The sensitivity minimization may have 

considerably improving effect. 

2. Biquadratic structures  

There are a great number of second order sections 

in the literature [9], [10]. In this paper three of them 

are presented, and compared. The first one is shown in 

Fig.1 and its BP/BS TF are [2]:  
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The section is called MH and realizes also elliptic 

lowpass/highpass TF. The transfer functions for the 

BP and BS filters [2] are given in equations (2) and 

(3).  

 

 Fig.1. MH second order section. 

Normally, on the output, the MH structure realizes 

the BP filter, and if the signs of the multipliers given 

with -1 on the Fig. 1 are changed, the structure 

becomes a BS filter. Therefore in adaptive realizations 

when both the BP and BS outputs are needed two 

separated schemes have to be used. For that reason, 

there is a need of development and design of 

structures satisfying this requirement. Such type of 

sections is presented in [10] and are investigated and 

compared in the present paper.  

One of the section called BQ2 [11]-[13] with the 

structure given in Fig.2 realizes on different outputs 

the whole number of second order transfer functions, 

which is a big advantage.  
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Fig.2 BQ2 second order section.  

The BP/BS TF of BQ2 are respectively: 
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A section similar to the above one and called BQ3 

[14] is given in Fig.3. 
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Fig.3 BQ3 second order section. 

The BP/BS TF of BQ3 are respectively: 
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The bandstop and bandpass TFs exists in one 

scheme but on two different outputs, which is a big 

advantage compared with the MH structure.  

3. Sensitivity investigations 

The WS sensitivities of the sections are studied for 

transfer function poles positions near z = 1 (the values 

for the TF coefficients (2) are respectively  

a = 0.984558 and b = 0.997487). This TF poles 

positions are very important and most frequent case 

for the filters implementation used in mobile and 

portable telecommunication equipments. In that 

equipment it is very important to keep the filter stable 

in order to correct performance of the systems. 

However, the lowest the sensitivity for the structures 

used is of critical importance. The WS magnitude 

sensitivities of the selected structures were was 

investigated using the package PANDA [15]. The 

results so obtained are shown in Fig. 4. 

 

Fig.4. Worst case sensitivities of the three investigated 

sections. 

The MH structure is known as a structure having 

low sensitivity [2]. But we can see from the results 

(Fig. 4) that the MH structure is having the highest WS 

sensitivity for the TF poles position near to z = 1. It is 

obvious that the BQ3 WS sensitivity is a hundred 

times better (lower) than the other two realizations. 

The BQ2 WS sensitivity has almost the same behavior 

as that of BQ3.  

4. Experiments 

The behavoir of the structures was investigated in 

limited wordlength environments. In order to be 

compared the TF coefficients are represented in 

canonic sign digit code and are quantized to 2, 3 and 4 

significant bits. The results so obtained are given in 

Fig. 5, Fig. 6 and Fig. 7. 

 
Fig.5. Magnitude response of MH section. 

 
Fig.6. Magnitude response of BQ2 section. 

 

 
Fig.7. Magnitude response of BQ3 section 

The quantization process strongly influences the 

MH section regardless of the number of bits. In the 
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case of MH section if 2 significant bits are used the 

magnitude response is shifted far from the non-

quantized one. In contrast to the MH structure the 

other two schemes achieve almost imperceptible 

magnitude response error. The biggest the number of 

bits the smaller magnitude responses error. As we can 

see even 3 significant bits are used quantization the 

behavoir of the magnitude response of BQ2 and BQ3 

structures remain closed the non-quantized one.  

5. Conclusion 

Three structures having very low sensitivity for 

transfer function poles positions near z = 1 were 

investigated in this paper. They are suitable for 

realizations of bandstop/bandpass digital filters and 

even in the case when they are used in portable and 

mobile equipments. The WS sensitivity of those 

sections was investigated and compared. Then they 

were investigated for TF coefficients behavior in a 

limited wordlength environment. It was demonstrated 

that the section called BQ3 has very good 

characteristics even with the coefficients 

representation with a short wordlength. 

During the investigations of this different variable 

filters, it has been shown that the sections BQ2 and 

BQ3 are suitable for realizations of variable and 

adaptive digital filters for tracing and suppression of 

single or multiple sinusoids, based on second order 

sections and behaves much better in limited 

wordlength environment, than the MH section. 
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