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RECOGNITION OF ARMATURE CURRENT OF DC MOTOR
WITH APPLICATION OF FFT AND EUCLIDEAN DISTANCE

ROZPOZNAWANIE PRĄDU TWORNIKA SILNIKA PRĄDU STAŁEGO
Z ZASTOSOWANIEM FFT I METRYKI EUKLIDESA

Abstract: A new approach to identification of armature current of dc motor is presented. This approach is 
based on FFT and Euclidean distance. The aim of this paper is analysis of a system which enables current rec-
ognition. System contains preliminary data processing, feature extraction and classification algorithm. Investi-
gations of the current recognition were carried out for faultless dc motor and dc motor with shorted rotor coils. 
It can notice, that current of faultless dc motor is different from current of faulty dc motor. It can determine the 
state of dc motor work. The results of investigations confirm the high efficiency of current recognition. For 
recognition aim the mechanism of early detection of damages in dc motor was created.

1. Introduction

At present there are many methods of current
recognition. Most of them are based on data 
processing [1-3]. Advantages of this method 
are: fast calculations and high efficiency of 
fault recognition. The aim of this paper is ana-
lysis of a system which enables current recogni-
tion. System contains preprocessing, feature ex-
traction and classification algorithm. It makes 
possible to identify armature current. Applica-
tion can classify feature vectors. Feature vectors 
are created as a result of preliminary data 
processing and FFT. There was applied Eucli-
dean distance as a classifier. System works au-
tomatically. It can be noticed, that current of 
faultless dc motor is different from current of 
faulty dc motor. System has two different cate-
gories which includes faultless dc motor current 
and current of dc motor with shorted rotor coils. 
It can determine the state of dc motor work. For 
elimination of threats the mechanism of early 
detection of faults in dc motor was created. It 
could be used in other applications [4-11].

2. Current recognition process
Current recognition process contains feature 
vector creation process (Fig. 1) and identifica-
tion process (Fig. 2). 
At the beginning of feature vector creation 
process data are read and normalized. After-
wards data are converted through the Hamming 
window. Next data are converted through the 
FFT algorithm. FFT algorithm creates feature 
vectors. Feature vector creation process and 
identification process are based on the same 

Fig. 1. Feature vector creation process

signal processing algorithms. In feature vector
creation process all feature vectors are aver-
aged. Two feature vectors are created. Feature 
vector creation process contains following 
steps: reading data, normalization, filtration,
windowing, feature extraction (two averaged 
feature vectors).
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Fig. 2. Identification process

In the identification process new current signal 
is written. Afterwards, it divides data. After 
that, system reads data. Next data are converted 
through the Hamming window. Next data are 
converted through the FFT algorithm. The FFT 
algorithm creates feature vectors. Classification 
is used in the identification process. It is based 
on Euclidean distance. To obtain results of re-
cognition, it compares feature vector of new 
sample with averaged feature vector. Identifica-
tion process contains following steps: writing of 
current signal, data division, reading data, nor-
malization, filtration, windowing, feature ex-
traction (one feature vector), classification.

3. Preprocessing
Armature current of dc motor is written to TXT 
file (Fig. 3, 4). System divides data. There are 
following advantages of such solution: precise 
determination of current appearing, precise cur-
rent identification, Next application reads data.
Afterwards, system uses amplitude normaliza-
tion (Fig. 5, 6). 
Next filtration and windowing are used [12].

Fig. 3. Armature current of faultless dc motor
for half-second sample before normalization

Fig. 4. Armature current of dc motor with 
shorted rotor coils for half-second sample be-
fore normalization

Fig. 5. Armature current of faultless dc motor
for half-second sample after normalization
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Fig. 6. Armature current of dc motor with 
shorted rotor coils for half-second sample after
normalization

4. Fast Fourier Transform
FFT transforms time domain to frequency do-
main. 

Fig. 7. Frequency spectrum of armature current 
for faultless dc motor and half-second samples

Fig. 8. Frequency spectrum of armature current
for dc motor with shorted rotor coils for half-
second samples

It is applied instead of discrete Fourier trans-
form because of shorter time of calculations. It 
takes a window of size 2k and returns a complex 
array of coefficients. These coefficients create 
feature vectors which are used in calculations 
(Fig. 7, 8).

5. Classification

Difference between currents depends on diffe-
rences in ordered sequence. Classification uses 
feature vectors and Euclidean distance in the 
identification process. It compares different 
values of feature vectors. The least distance 
between feature vectors (feature vector of in-
vestigated sample, averaged feature vector of 
specific category) is chosen in the identification 
process. The nearest vector is the result of the 
identification.
Euclidean distance is the measure of distance 
between two points (vectors). For vectors x and 
y with the same length n it is defined as:





n
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2
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where x and y are feature vectors with the same 
length, x=[x1,x2,…,xn], y=[y1,y2,…,yn].

6. Results of recognition of the armature 
current
Investigations were carried out for armature 
current of faultless dc motor and armature cur-
rent of dc motor with shorted coils. One half-
second sample was used in feature vector crea-
tion process for each category. There were used 
60 samples of armature current of faultless dc
motor and 60 samples of armature current of dc
motor with shorted rotor coils. These 120 sam-
ples were used in the identification process. Ef-
ficiency of recognition of armature current is 
defined as:

E=N1/N (2)

where: E – efficiency of recognition of arma-
ture current, N1 – number of correctly identified 
samples, N – number of all samples.
The system should determine the state of dc
motor correctly. The feature vector creation 
process and identification process were carried 
out for half-second samples. Investigations 
were carried out for faultless dc motor. Effi-
ciency of recognition of armature current for 
Euclidean distance was 54,54%. Investigations 
were carried out for dc motor with shorted rotor 
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coils. Efficiency of recognition of armature cur-
rent for Euclidean distance was 100% .

7. Conclusion
System of recognition of the armature current 
was created. It identifies category which has the 
least distance between feature vectors. The al-
gorithms of signal processing were used. Inves-
tigations were carried out for different input da-
ta. Analysis shows the sensitivity of method 
which is based on Euclidean distance. Efficien-
cy of recognition of the armature current was 
54.54% for faultless dc motor. Efficiency of 
recognition of the armature current was 100% 
for dc motor with shorted rotor coils. Time of 
the identification process of half-second sample 
was 0.203 s for Intel Pentium M 730 processor.
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