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Abstract. This paper examines the evaluation criteria for the effectiveness of an algorithm based on a 
quadratic threshold discriminant function used in voice-based speaker recognition. In the model, an 
acceptance interval is determined for each speaker based on a single informative feature extracted from 
the voice signal, and the tested voice sample is either accepted or rejected according to its 
correspondence to this interval. The paper presents the formulas for the overall accuracy of the 
algorithm, the false acceptance rate, the false rejection rate, and the overall error rate. In addition, the 
influence of the parameter λ, which determines the acceptance interval, on the FAR and FRR indicators 
is analyzed. 
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Introduction 
Speaker recognition by voice is considered one of the important areas of biometric 

identification. A voice signal reflects the individual structure of the human speech apparatus, 
pronunciation style, rhythm, and spectral features. Therefore, voice-based speaker 
identification systems are widely used in information security, mobile devices, remote 
authentication, access control, and forensics [1]. 

One of the important issues in such systems is not only speaker recognition itself, but 
also the evaluation of the reliability of the recognition result. This is because two main types of 
errors may occur in a voice authentication system: falsely accepting an impostor speaker and 
falsely rejecting a genuine user. The first case poses a threat to security, while the second case 
reduces the usability of the system. In this work, the voice-based speaker recognition algorithm 
is briefly described on the basis of a quadratic threshold discriminant function. The main focus 
is placed on analyzing the evaluation criteria of this algorithm and the influence of the λ 
parameter, which controls the acceptance interval, on the system results. 

Research Methodology 
Model based on a quadratic threshold function. In the voice identification process, first, 

one informative feature is extracted from the voice sample uS : 

 i ux S  

where   is the feature extraction function [2]. As a feature, the fundamental frequency, 
energy, formant, or one of the MFCC coefficients may be selected. In this work, the feature 
extraction process is not considered in detail, since the main focus is placed on evaluation 

criteria. For each speaker class jK
, the mean value and standard deviation of the feature are 

calculated based on the training samples: 

1

,
1 m

j jr
r

x
m




   



Proceedings of MMIT’26 International Conference 6 June 2026y. 
 

705 
 

2

1

1
( ) .

1

m

j jr j
r

x
m

 


 
   

Then, the acceptance interval is defined as follows: 

 
1
b

j j jx     
2
b

j j jx     

where λ is a parameter that controls the width of the acceptance interval. The quadratic 
threshold discriminant function is given as follows: 

       1 2
b b

j i i j i jD x x x x x     

or in the general form: 

   2
2 1 0.j u j i j i jD S a x a x a    

Decision rule: 
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If there are several speakers in the system, the maximum discriminant value is selected: 

 * arg max .j u
j

j D S  
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is expressed in this form [3]. 

The need to evaluate algorithm results. After developing a voice-based speaker 
recognition algorithm, it is important to evaluate its effectiveness. This is because the real 
capabilities of the algorithm are determined not only by the mathematical model, but also by 
the error rates obtained from test results. In a voice identification system, the following cases 
may occur: 

1. A genuine speaker is correctly recognized. 

2. A genuine speaker is falsely rejected. 

3. An impostor speaker is correctly rejected. 

4. An impostor speaker is falsely accepted. 

Based on these cases, the accuracy, security level, and user convenience of the algorithm 
are evaluated [4]. 

The influence of the   parameter on the algorithm. In the proposed quadratic threshold 

model, the  parameter is the most important adjustable parameter. This is because it 
determines the width of the acceptance interval for each speaker: 

.j j i j jx        
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If the value of   is selected to be small, the acceptance region becomes narrow. In this 
case, the rejection of impostor users is strengthened, that is, FAR decreases. However, some 
voices of genuine users may also fall outside the acceptance interval. As a result, FRR increases. 

Conversely, if the value of   is selected to be large, the acceptance region expands. In 
this case, the probability of accepting a genuine user increases, that is, FRR decreases. 
However, the probability that impostor voices may also fall within the acceptance interval 

increases [8]. As a result, FAR increases. Thus, the influence of the   parameter is summarized 
as follows: 

,FAR FRR    ,FAR FRR     

Graphical interpretation of the acceptance region with respect to  . In the following 
form, it can be observed that as the value of  increases, the acceptance interval expands: 

 

Figure 1. Selection of features according to the   criterion. 

It can be seen from this graph that when 1  , the system operates more strictly. When 
3  , the acceptance region becomes much wider. From the viewpoint of the quadratic 

function, an increase in  expands the distance between the roots of the parabola: 

   
2 1 .2b b

j j jx x    

Thus, the length of the acceptance interval directly depends on  : 

2j jL   

where jL
 is the length of the acceptance interval for the j -th speaker. 

Selection of the   parameter. In practical systems, the value of   is selected based on 
experimental results. The optimal value should provide a balance between FAR and FRR. 

Balance between FAR and FRR. In voice authentication systems, FAR and FRR have 
opposite characteristics. Narrowing the acceptance interval helps reject impostor speakers, but 
it also increases the probability of rejecting a genuine user. Expanding the acceptance interval 
makes it easier to accept a genuine user, but it increases the probability of falsely accepting 
impostor voices [9]. 
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Conclusion 
In this work, the evaluation criteria for a voice-based speaker recognition algorithm 

based on a quadratic threshold discriminant function were considered. The model was briefly 
described, and the main focus was placed on the accuracy, FAR, FRR, and overall error 
indicators used to evaluate the results. In the proposed algorithm, the acceptance interval for 
each speaker is defined by the following formula: 

 j j i j jx        

 If the value of the quadratic discriminant function is positive, the voice sample is 
accepted as belonging to the corresponding speaker class; otherwise, it is rejected. In the 

evaluation process, the importance of the   parameter was demonstrated. If   is small, the 

acceptance region narrows and FAR decreases, but FRR increases. If   is large, the acceptance 
region expands and FRR decreases, but FAR increases. Therefore, selecting the   parameter 
is one of the main factors determining the effectiveness of the algorithm. In practical systems, 

the optimal value of   should be selected based on test experiments, taking into account the 
balance between security and user convenience. 
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