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ABSTRACT 

In this paper, we describe the use of Artificial Neural Network (ANN) to compute the acoustic features in analysing 

forensic speaker verification. In the computation, there are two datasets derived from speech recording of a simulated 

human trafficking crime, namely Forensic Evidence Data (FED) and Comparative Evidence Data (CED). In both 

datasets, sound segmentation is performed and then the acoustic features (Formant Frequencies F1, F2, F3, and F4) 

are extracted. The acoustic feature values are computed with ANN to predict an output with a targeted sound 

classification /a/, /i/ and /u/. The results are interpreted as forensic evidence against sound data in recorded evidence. 

With a result rate of more than 80%, this method might be studied more deeply to be developed and applied in 

evaluating recorded sound evidence for the legal case process. 
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1. INTRODUCTION 

Forensic linguistics can be defined as the application 

of linguistics in the legal field  [1]; [10]; [2]; [3]. Hence, 

forensic linguistics is the application of linguistic 

science that can include theories, methods and language 

analysis for legal purposes, for example, criminal law, 

civil law, constitutional law, customary law, 

environmental law, and others. The application of 

linguistics in the field of law continues to increase. One 

of them is in the settlement of legal cases, for example 

in the settlement of cases of defamation, threats, 

extortion, murder, disputes, plagiarism, corruption and 

so on [4]; [5]; [7]; [8]). Apart from being used to help 

resolve legal cases, forensic linguistics is also used in 

counter-terrorism and intelligence efforts, including 

identifying and verifying intercepted voice data. 

Developments in the settlement of legal cases make 

the role of forensic linguistics more dynamic so that 

various studies of forensic linguistics are required not 

only as a scientific discipline but also as a professional 

field of linguistics. The studies that can be done from 

the scope of language analysis include language analysis 

on legal products, legal case trials, legal documents and 

legal evidence. In educational and training institutions, 

linguists introduce and teach forensic linguistics. 

Research in this field is also developing, marked by the 

existence of various writings on reports of empirical 

research results. In addition, linguists also form 

professional organizations. Among them are the 

International Association of Forensic and Legal 

Linguistics (https://www.iafl.org/) and the International 

Association of Forensic Phonetics and Acoustics 

(https://www.iafpa.net/). In Indonesia, research centres 

have been established that specialize in forensic 

linguistics studies, including the Centre for Studies in 

Linguistics at Universitas Bandar Lampung in 2015 

(https://csl.ubl.ac.id/). Meanwhile, the Indonesian 

Forensic Linguistics Community (KLFI-Komunitas 

Linguistik Forensik Indonesia) was also formed in 2015 

(https://klfi.weebly.com/) and it successfully held its 

first conference in Pekanbaru (February 2019). 

1.1. Forensic linguistics in the legal process, 

product and evidence 

In general, the field of forensic linguistics can be 

divided into 3 (three) groups. The first is the study of 

language in the legal process. This can be exemplified 

by language studies in police investigations and court 

proceedings. In the police investigation process, 

research can be carried out to determine the strategy of 

police investigators in examining a criminal case [9]; 

[10]; [11]; [12]). While in the trial process in the court, 

research can be conducted to find out how judges, 
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prosecutors, lawyers, witnesses and defendants 

communicate [4]; [13]; [6]. 

The second is the study of language in legal 

products. This study is exemplified in research on the 

language of legislation and also research on the 

language of court decisions. Research in this study can 

be carried out to understand the use of language that is 

specifically used in legal products [14]. The third is the 

study of language in legal evidence. It analyses the 

language used in the documents that are the cause of 

dispute cases, such as employment contract documents 

[15]; [16]) or patent documents [18]). In addition, it can 

also be carried out in language research on identifying 

voice telephone conversations [19]. Through telephone 

conversations, messages conveyed may cause legal 

problems if the message contains things that are 

prohibited by law such as threats, blackmail, or insults. 

These study groups in forensic linguistics can be carried 

out separately or integrated, depending on what research 

objectives are going to achieve. 

1.2. Artificial Neural Network 

As ideally in forensic studies, the evidence and its 

explanations in forensic speaker identification and 

verification provided by experts contain an objective 

evaluation of the acoustic features obtained from 

recorded evidence [20]. Then, the evaluation results are 

compared with those of the speech recorded by the 

defendant. Comparative evaluation results are used to 

support the expert’s arguments in his or her testimony in 

determining the level of sound similarity in the recorded 

evidence with the defendant’s voice.  

In this paper, we report the results of a forensic 

linguistic study related to the application of Artificial 

Neural Networks (ANN). It is part of the measurement 

dimension in forensic linguistics  [7]). The computing is 

applied to the values of formant frequency as the 

acoustic feature which is extracted from the data. ANN 

is a computational-based adaptive computing network, 

whose design follows neural [21]. Currently, the use of 

ANN is growing not only in the field of artificial 

intelligence system studies but also in various other 

fields including forensic studies [22].  

We propose a model for using ANN in performing 

the prediction for evaluating the acoustic features in the 

data. In the model, there are two groups of data. In both 

groups, the sound segmentation is performed and then 

its acoustic features are extracted. The values of the 

acoustic features are computed in ANN to predict the 

targeted sound classifications as the outputs.  

2. METHODOLOGY 

In this study, we use the voice recording data of a 

telephone conversation between two speakers 

(Sp1=male,24:3; and Sp2=male,24:7). The conversation 

is in the context of a simulated human trafficking crime. 

The speech sounds of Sp1 in the conversation are for 

Forensic Evidence Data (FED). In addition, we use 

other speech sounds of Sp1 from a separated recording 

for Comparative Evidence Data (CED). In both FED 

and CED, 10 words are segmented, namely aman ‘safe’, 

anak ‘child’, bayi ‘baby’, bisa ‘be able’, cari ‘search’, 

itu ‘that’, jual ‘sell’, ‘masalah’ ‘problem’, takut ‘fear’ 

and umur ‘age’. In total, the syllable sounds of those 

words contain 21 nucleus elements. Thus, for both FED 

and CED, there are 42 nucleus elements altogether. The 

recordings for the data were conducted at the Centre for 

Studies in Linguistics, Universitas Bandar Lampung, 

Indonesia. 

The ANN model used in this study is 

backpropagation ANN which is built in the R 

programming language [23]. Backpropagation ANN is 

used with three layers:  input layer (F1-F4), hidden 

layer, and output layer (/a/, /i/, and /u/). In this ANN 

model, FED is used as the training data and CED as the 

testing data. From FED, specific words were selected 

and segmented. Then, the extraction of their acoustic 

features at the syllable nucleus elements was done by 

using Praat software [24]. The values of the extracted 

acoustic features were computed with ANN to predict 

the sound classification as the outputs. Meanwhile, the 

inputs are the values of those extracted acoustic 

features, i.e. formant frequencies F1, F2, F3, and F4. 

Then, in CED, the same sounds were also segmented 

and its acoustic features as the inputs are tested in ANN. 

The classification target for ANN is the phoneme sound 

in the nucleus elements, namely /a/, /i/, and /u/. There 

are 63 extracted points for each formant frequency in 

each data. Hence, in total, 504 extracted points were 

used in the study. 

3. RESULTS AND DISCUSSION 

3.1. Acoustic Features of Nuclei in Syllable Unit 

A syllable is a unit in speech sound consisting of 

three elements, namely onset, nucleus and coda [25]; 

[26]; [27]; [28]; [29]. In syllables, the onset is at the 

beginning, the nucleus is in the middle and the coda is at 

the end. The onset and coda elements usually consist of 

consonant sounds, while the nucleus elements usually 

consist of vowel sounds. In Systemic Functional 

Grammar [30]; [31], the syllable unit is one of the 

speech sound units that are below the rhythm unit and 

above the phoneme unit. For the study, the syllable unit 

is considered for providing the context of the target 

phonemes in the nuclei. 

In the nuclei of syllable sounds, the extracted 

acoustic features are the formant frequencies F1, F2, F3 

and F4. Formant frequencies are frequencies that result 

from acoustic resonance in the human vocal tract [32]; 
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[33]. F1-F4 were extracted precisely at the nucleus 

element of the syllable. This is to get pure values that 

don’t mix with those in the onset and coda elements. To 

further avoid mixing these values, the extract points are 

not taken directly starting from the point on the border 

between the nucleus element and the onset element to 

the point on the border between the nucleus element and 

the coda element. Instead, we only extract the values 

from the central point. See Table 1 and Table 2 for the 

listed values of F1-F4 at the extracted points of the 

nuclei in FED and CED respectively. 

3.2. Computation with ANN 

Figure 1 shows the ANN diagram with four formant 

frequencies (F1, F2, F3, and F4) at the input layer and 

three phoneme sounds (/a/, /i/ and /u/) at the output 

layer. In the system, there is a hidden layer between the 

input and output layers. Thus, the counting network of 

the system consists of several layers of units (input, 

hidden and output) that are interconnected with each 

other. This looks like the nerve cells in the brain. Its 

calculation system can adapt to the input information 

from outside and inside that flows through the network 

[34]; [17].  

In the counting process, the number of units in the 

hidden layer is created. It started with 1 to 10 units. 

From the calculation in the ANN model, CED was 

tested for similarity by referring to FED which had been 

trained in the ANN. The result rates can reach more than 

80% at the 10-unit stage in the hidden layer as 

illustrated in Figure 2. It can still be improved in several 

ways. 

 

Figure 1 ANN diagram with 4 units (I1-I4) in the 

input layer for F1-F4, 6 units (H1-H6) in the hidden 

layer and 3 units (O1-O3) in the output layer for /a/, 

/i/, and /u/. 

 

Figure 2 The result rates with up to 10 units in the 

hidden layer. 

 

One of the ways is to add another variable acoustic 

feature to increase the number of units in the input layer. 

Another way is to choose a more varied syllable sound 

so that the target phoneme sound classification can also 

include the phonemes /e/ and /o/. In addition, adding the 

hidden layer could be in the system.

 
Table 1. F1-F4 at the extracted points of the nuclei in FED 

 

No F1 (Hz) F2 (Hz) F3 (Hz) F4 (Hz) Codea 

1 592 1382 2858 3712 DBF_I-SIL1_K1 

2 626 1358 2832 3710 DBF_I-SIL1_K1 

3 577 1339 2806 3662 DBF_I-SIL1_K1 

4 519 1183 2905 3579 DBF_I-SIL2_K1 

5 546 1235 2887 3539 DBF_I-SIL2_K1 

6 545 1165 2896 3560 DBF_I-SIL2_K1 

7 816 1416 2964 3816 DBF_I-SIL1_K2 

8 776 1364 2960 3675 DBF_I-SIL1_K2 

9 675 1334 2928 3650 DBF_I-SIL1_K2 

10 782 1275 2857 3875 DBF_I-SIL2_K2 

… … … … … … 

63 473 817 3079 4312 DBF_I-SIL2_K10 
aNote: DBF_I-SIL1_K1 means the point is derived from the nucleus /i/ in the the frist syllable of Word 1 in FED. 
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Table 2. F1-F4 at the extracted points of the nuclei in CED 

 

No. F1 (Hz) F2 (Hz) F3 (Hz) F4 (Hz) Codeb 

1 729 1223 2584 3752 DBP_I-SIL1_K1 

2 702 1182 2576 3750 DBP_I-SIL1_K1 

3 652 1084 2551 3685 DBP_I-SIL1_K1 

4 565 1047 2683 3585 DBP_I-SIL2_K1 

5 573 1176 2731 3606 DBP_I-SIL2_K1 

6 539 1293 2793 3596 DBP_I-SIL2_K1 

7 548 893 2576 3888 DBP_I-SIL1_K2 

8 486 883 2862 3707 DBP_I-SIL1_K2 

9 768 849 2888 3603 DBP_I-SIL1_K2 

10 782 1387 2956 4322 DBP_I-SIL2_K2 

… … … … … … 

63 417 742 3133 3250 DBP_I-SIL2_K10 

bNote: DBP_I-SIL1_K1 means the point is derived from the nucleus /i/ in the first syllable of Word 1 in CED. 

 

4. CONCLUSION 

Forensic linguistics can be seen as applied 

linguistics because it uses the application of language 

analysis in either phonetics, phonology, lexico-

grammatical, discourse semantics and other linguistic 

elements into another science, i.e. legal science for the 

benefit of the legal process. For example, in phonetics 

and phonology, language analysis is applied for forensic 

speaker verification.  

In the study, we have discussed the use of ANN to 

compute the acoustic features in analysing forensic 

speaker verification. The segmentation of the speech 

sounds and their acoustic features (F1-F4) was carried 

out in two datasets FED and CED. Then the ANN was 

applied to predict an output with a targeted sound 

classification /a/, /i/ and /u/. With a result rate of more 

than 80%, this method might be studied more deeply to 

be developed and applied in evaluating recorded sound 

evidence for the legal case process. 
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