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Abstract. A new approach in detecting and identifying power quality 
disturbances is presented. The use of Formal Language Theory, already 
exploited in other fields, was used to develop an innovative tool to identify 
patterns in electrical signals. The Concordia transform is applied to the 3-phase 
electrical system, composing a 2-D signal. The obtained signal is computed 
with a “healthy” 3-phase composed signal, retrieving new data. A Formal 
Language based inference algorithm is used to infer a grammar from this new 
data. Each type of fault has its own grammar, which allows the developed 
algorithm to easily detect and identify the disturbances. 

Keywords: Power Quality, Formal Languages, Grammatical Inference, Pattern 
recognition. 

1   Introduction 

Monitoring power quality (PQ) has been an issue with great increase of relevance in 
the past years, part of which is due to the growth of electrical energy consumers, 
whether domestic or industrial. Most of today’s loads are electronic based and 
therefore quite susceptible to disturbances. Occurrence of a power disturbance can 
cause several problems such as equipment malfunction/damage and losses in 
productivity. Power quality issues are addressed in IEEE 1159-1995 standard [1], 
where recomendations for PQ monitoring are also considered. Several monitoring 
methods analyse power line disturbances using different methodologies to detect and 
identify the disturbance. While some of them use mathematical morphologies [2] [3], 
there is also a strong emphasis on the use of multiresolution analysis such as the 
wavelet [4] [5]. 

In [6], voltage sag is defined as a brief decrease in the rms line-voltage as the 
voltage swell is an increase of the rms line-voltage. An interruption is a reduction of 
the line-voltage or current to less than 0,1pu. Voltage fluctuations are relatively small 
variations in the rms line-voltage. The variation in the 3-phase voltage amplitudes, 
relatively to one another, is described as a voltage imbalance. Harmonic distortion is 
the effect in the waveform by the existence of harmonics. 

The research for a method that fits in all disturbances and computational requests is 
still in progress. Some methods work well on some disturbances and not so well on 
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others, where other methods have high processing costs. For example the wavelets 
approach needs to be decomposed many times to retrieve a significant conclusion. 

This paper intends to be a contribution to this problem, presenting a new approach 
in detecting PQ disturbances. The objective is to detect and analyse 3-phase systems 
using grammatical inference learning algorithms. Formal language theory was 
initially presented by Chomsky [7] and has been used in distinct domains, such as 
detection of ECG signals [8], control of electrical devices [9], Chinese character 
recognition [10] or image parsing [11]. 

The basic idea is to infer one grammar for each type of PQ disturbances. 

2   Contribution to Sustainability  

The renewable de-centralized power production poses new and interesting problems 
concerning power quality. The quality of the delivered power often depends on the 
mechanical/electric/electronic power interfaces, their control strategies and its directly 
connected with the sustainability of the power delivery system. On the other hand, 
electronic loads are also a strong source of power quality disturbances. Due to their 
nonlinear nature, these loads inject harmonics current into the power system and 
cause voltage harmonics distortion. In order to keep the sustainability of the power 
delivery system it is important to understand how power quality disturbances 
influence the system’s performance. An important issue is development of techniques 
capable of detecting and overcoming power quality disturbances in system-equipment 
interactions. The presented power quality detection method is a contribution for the 
power quality detection problem and thus for the sustainability of the power delivery 
system. 

3   Formal Language Concepts 

3.1   Grammar  

The grammar of the language is a set of rules that specifies all the words in the 
language and their relationships. Once the grammar is found, the grammar itself is a 
model for the source. To define a grammar (G), one specifies a terminal alphabet, a 
nonterminal alphabet, a start symbol, and a set of productions.(1) 

 

ܩ  ൌ ሼΣ், Σே, ܵ, ܲሽ . (1)  
 

• Σ் , represents the terminal alphabet, a set of symbols that create words, 
where a word is a string of symbols. 

• Σே Is the nonterminal alphabet, set of auxiliary symbols that will produce 
words by the production rules. 

• ܵ Being the start symbol, a special nonterminal symbol to start the 
production of words. 

• ܲ, productions are the set of substitution rules, creating words that fit in 
the specific language. 
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Example of a grammar representation: 
 Σே ൌ ሼܵ, ሽ       Σ்ܣ ൌ ሼܽ, ܾሽ       ܲ ൌ ቄܵ ՜ ܽܵ, ܵ ՜ ,ܣܽ ܣ ՜ ,ܣܾ ܣ ՜ ܾቅ 
 

Retrieving the following language: 
ሻܩሺܮ  ൌ ሼܽ௡ܾ௠ | ݊ ൒ 1, ݉ ൒ 1ሽ ฺ ሼܾܽ, ܾܽܽ, ܾܽܽܽ, ܾܾܾܽܽ, … ሽ 

 

According to the Chomsky hierarchy, grammars are classified in 4 different types. 
(see Table 1) 

Table 1. Chomsky's hierarchy of grammar types 

 
For this work only type 3 grammar are considered: regular grammars which can be 

represented by finite state automata. 
The basic idea is that the use of the grammar allows the decision if a given word is 

part of the language defined by that grammar, being this the basis for the pattern 
recognition methodology presented in this paper. 

3.2   Grammatical Inference 

Grammatical inference is an algorithm that can identify the grammar from a set of 
positive and negative examples. Obviously the quality of the inferred grammar is 
directly connected with the quantity and quality of the learning examples. 

In this work, the developed algorithm will search electrical signals samples for 
signs of the recursive rules that will characterise the grammar being sought. At the 
possibility of a recursion being identified, a step in the inference algorithm is 
completed by substituting the substring. The sample will be rewritten several times, 
each time the recursion will be substituted by a symbol based on regular expression 
theory. In the end the method returns an expression that represents the grammar 
inferred from the sample. 

A simple example of the algorithm is presented below: 
Considering the sample, ܫଶ ൌ ሺݔଵ, ,ଶݔ  ଷሻݔ
ଵݔ  ൌ ଶݔ     ܾܾܾܾܿܽܿܽܽܽܽܽܽ ൌ ଷݔ    ܾܾܾܾܿܿܽܽܽܿܽ ൌ ܾܽܽܽܽܽܿ 
 

The sample is analysed to find recursive parts, 
 

Type Name Production Rules 
0 Unrestricted No restrictions 

1 Context-sensitive ߚܣߙ ՜   ߚߛߙ

2 Context-free ܣ ՜   ߛ

3 Regular 
ܣ ՜ ܣ  ܤܽ ՜ ܽ  
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ଵݔ                 ൌ ሺܽሻଶܾܾܾܾܽܽܽܽܿܽܿ ݔଵ ൌ ܾܽܽሺܽሻଷܾܾܾܽܿܽܿ  ݔଵ ൌ ܾܽܽܽܽሺܾܽሻଶܾܿܽܿ  ݔଵ ൌ ܾܾܽܽܽܽሺܾܽܿሻଶ  ݔଶ ൌ ܾܾܽܿܽሺܽሻଶܾܾܿܿ  ݔଶ ൌ ܾܾܽܿܽܽܽሺܾܿሻଶ  ݔଷ ൌ ሺܽሻହܾܿ  Possible matches: ܽ, ܾܽ, ܾܽܿ, ܾܿ 
 

Choosing hypothesis: a. Rewriting: ݖ ൌ ܽା 
ଵݔ                   ൌ ଶݔ    ܾݖܾܿݖܾݖܾݖ ൌ ଷݔ    ܾܾܿܿݖܾݖܾܿݖ ൌ  ܾܿݖ
 

Analyse: ݔଵ ൌ ሺܾݖሻଷܿݔ  ܾܿݖଵ ൌ ଶݔ  ሻଶܾܿݖሺܾݖܾݖ ൌ ଶݔ  ሻଶܾܾܿܿݖሺܾܿݖ ൌ ,ܾݖ :ሺܾܿሻଶ  Possible matchesݖܾݖܾܿݖ ܾܿ,  ܾܿݖ
 

Choosing hypothesis: zb. Rewriting: ݕ ൌ ሺܾݖሻା 
ଵݔ                  ൌ ଶݔ       ܿݕܿݕ ൌ ଷݔ      ܾܿܿݕܿݕ ൌ  ܿݕ
 

One possibility: yc. Rewriting: ݔ ൌ ሺܿݕሻା 
ଵݔ                    ൌ ଶݔ          ݔ ൌ ଷݔ            ܾܿݔ ൌ  ݔ
 

Final expression, retrieved from the sample: 
ݔ                   ൅ ܾܿݔ ൌ ሺሺܽାܾሻାܿሻ ൅ ሺሺܽାܾሻାܿሻାܾܿ 

 

The choice of the alphabet is of extreme importance to retrieve useful results. As an 
example Table 2 contains the explanation of an alphabet that can be used in a ECG1 
signal piece (note that the fact that some symbols are in uppercase has nothing to do 
with non-terminal symbols and should be ignored in the scope of the example). Fig. 1 
shows how the alphabet is applied. 

Table 2. Primitives used for the alphabet, Δ is a minimum slope values specified beforehand, 
adapted from [12] 

 

                                                           
1 Electrocardiogram. 

Primitive Name Symbol Description

Horizontal h A segment of constant value

Up slope u An upward segment with slope < 

Down slope d A downward segment with slope > -

Strong up slope U An upward segment with slope  

Strong down slope D A downward segment with slope -
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Fig. 1. Piecewise linear approximation of an ECG signal [12] 

4   Implementation and Results 

4.1   Preparing the Electrical Signals 

Since we are working with 3-phase systems, Concordia transform was chosen to get 
the presentation of the electrical signal in 2-D space. By applying the Concordia 
transform to an undisturbed electrical signal and to a disturbed one, it’s possible to 
retrieve a new representation, which consists of the difference between the two 
transformed signals. Fig. 2 presents a disturbed electrical signal (voltage fluctuation) 
and an undisturbed one. 

 

 

Fig. 2. Disturbed and undisturbed signal 

Since de analysis is on a 3-phase system, applying the Concordia Transform makes 
it possible to analyse the system in a 2-D scenario. Implementing the transform into 
each signal and overlapping the results, one gets the signal shown in Fig. 3: a perfect 
circle corresponding to the normal signal and another one corresponding to the faulty 
signal product. Determining the radial distance between both results along the signal 
sampling, the outcome is presented in Fig. 4. Each type of PQ disturbance grammar 
will be inferred from this composed signal. 
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Fig. 3. Overlapping transforms                     Fig. 4. Time evolution of the radial distance 

4.2   Inferring the Grammar 

As stated before, the chosen alphabet will highly affect the final result in the inferred 
grammar. For this work a 4 level alphabet, {a,b,c,d} was chosen. Applying this 
alphabet to the composed signal presented in  Fig. 4, one obtains the word sequence, 
as exemplified in Fig. 5 with a random signal.  

 

Fig. 5. Representation of the used alphabet 

Using the proposed methodology in different disturbances of the same type, gives 
us a sample of strings to analyse and infer the respective grammar. The obtained 
grammars for each disturbance are presented below, with the pattern that characterises 
each disturbance (showed in the regular expression form): 
 

• Voltage imbalance  ሺሺܾܿሻାሺܾܽሻାሻା 
 

• Harmonic distortion  ሺܾܾܽܿሻା  
 

• Voltage fluctuations  ሺܾܾܿܽሻା 
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• Interruption   ܾܿ݀ 
 

• Sag    ܾܾܿ 
 

• Swell    ܾܾܽ 

5   Conclusion 

This work presented the development of a novel algorithm based on the use of formal 
languages in detecting power quality disturbances. The grammatical inference 
algorithm was developed in order to retrieve the grammars that characterise each 
disturbance, being each disturbance characterised by one, and only one, grammar. 
Being the grammars established is possible to detect and classify the disturbances, 
analysing them by means of an automata or inferring the grammar of a given signal. 
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