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Abstrac/-Currently, for many applications, it is necessary to 
know the speecl and position oF motors. This can be achievecl 
nsing mechanical sensors coupled to the motor shaFt or using 
sensorless technic¡ues. The sensorless technic¡ues in brushed de 
motors can be classifiecl into two types: 1) technic¡ues basecl 011 
the clynamic brushed de motor moclel ancl 2) technic¡ues basecl 011 
the ripple componen! oF the curren!. This paper presents a new 
methocl, based on the ripple component, for speed ancl position 
estimation in brushed de motors, using support vector machines. 
The ¡>roposecl methocl only measures the curren! and detects the 
pulses in this signal. The motor speed is estimated by using the 
inverse clistance between the cletected pulses, and the position is 
estimat.ed by counting ali detected pulses. The ability to cletect 
ghost pulses and to discard false pulses is the main aclvantage oF 
this methocl over other sensorless methods. The perFormed tests 
on two fractional horsepower brushed de motors inclicate that lile 
methocl works correctly in a wicle range oF speeds ami situations, 
in which the speed is constan! or varíes clynamically. 

lndex Terms-Brushed de motor, curren! ripple, de motor, 
pattern recognition, position, sensorless, speed, support vector 
machines (SVMs). 

l. INTRODUCTION 

S
ENSORLESS techniques estímate the speed and position 

of motors without mechanical sensors coupled to the motor 

shaft, measuring only the current and/or the voltage of the mo

tors. Sensorless techniques are not a recent idea. as is evidenced 

by the work of Allured and Strzelewigz [ 1 ]. Nevertheless, due 

to the complexity of these methods, they have not yet re

placed conventional sensors such as encoders, potentiometers, 

lachometers, Hall effect sensors, or other mechanical sensors 

coupled to the motor shaft. The main advantages of these, 

compared to conventional sensors, are as follows: 1) decreased 

maintenance, number of connections. and cost of the final 
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Fig. 1. Current of a bmshed de motor. 

sy tem and 2) an easier miniaturization process. In addition, 

mechanical elements are not coupled to the motor shaft in 

sensorless techniques. Sensorless techniques are particularly 

useful in fractional horsepower applications because they usu

ally require a low cost and a low hardware complexity. Sen

sorless techniques function by monitoting the voltage and/or 

current of the motor to estímate the speed and position. The 

problem with the implementation of sensorless techniques is 

software complexity, since the models used ami the noise in the 

curren! and voltage make it difficult to estímate the velocity and 

position of the motor [2]. 

Sensorless techniques in brushed de motors can be divided 

into two groups: 1) those based on the clynamic de motor model 

and 2) those based on the ripple componen! of the motor current 

[3]. The first group is mainly employed to estímate the speed 

using the dynamic model of the brushed de motor [4]-[9]. 

The dynamic model uses different parameters of the brushed 

de motor such as resistance, inductance, and constant electro

motive force (EMF). The problem with using the parameters 

of the brushed de motor is that they depend on the operating 

conditions, which are changing and introduce uncertainty into 

the speed measurement. Although these parameters can be 

estimated dynamically [ 1 O], [ 11 ], this solution usually leads to 

a non linear moclel that increases the computational cost. 

Sen orless techniques based 011 the 1ipple componen! only 

monitor the brushed de motor current and they estímate 

speed and position with instantaneous variations of the curren! 

[ 12]-[ 16]. The current of a brushed de motor, shown in Fig. 1, 

is mainly composed oftwo components: the de componen! and 

the ripple componen!. The de componen! is responsible for 

providing power to the brushed de motor. The ripple componen! 

is an alternating componen! and is the direct result of two 

effects. The first effect is the non ideal rectification that occurs in 

the complex brush-commutator system that connects the rotor 

with the externa! circuit. The second effect appears in the coi! 

of the motor and is an EMF induction. with an approximately 

sinusoidal hape not rectified icleally by the mechanical switch

ing system. 
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TABLE lll 
SPEED MEASUREMENT ERRORS w,rn THE EMG30 DC MOTOR 

Real Spccd 
A vera ge error Dcviation 

Absolute Relative Absolule Relative 
(r.p.m.) 

(r.p.m.) (%) (r.p.m.) (%) 
501 1.03 0.21 3.51 0.70 
807 1.09 0.14 5.86 0.73 

1044 0.88 0.08 6.72 0.64 
1526 1.79 0.12 8.62 0.56 
2028 0.28 0.01 12.22 0.60 
3082 5.72 0.19 7.22 0.23 
4051 1.01 0.02 20.45 0.50 
5055 3.26 0.06 21.51 0.43 
6088 2.39 0.04 19.11 0.31 
8041 4.01 o.os 32.14 0.40 
9017 3.96 0.04 34.62 0.38 
10117 1.96 0.02 36.13 0.36 

11097 5.79 0.05 29.74 0.27 

TABLE IV 

SPEED MEASUREMENT ERRORS WITH THE 719RE385 DC MOTOR 

Real Spccd 
A vera�e error Deviation 

Absolute Relative Absolute Relative 
(r.p.m.) 

(r.p.m.) (%) (r.p.rn.) (%) 

592 0.18 0.03 2.41 0.41 
858 0.36 0.04 2.52 0.29 

1029 0.43 0.04 2.45 0.24 
1499 0.40 0.03 3.36 0.22 
1971 0.74 0.04 4.73 0.24 
3010 0.07 0.002 7.50 0.25 
3949 2.86 0.07 10.82 0.27 
5012 7.51 0.15 21.25 0.42 
6084 5.64 0.09 28.82 0.47 
7062 12.18 0.17 36.96 0.52 
8017 11.49 0.14 49.48 0.62 
8964 11.12 0.12 49.71 0.55 

9994 17.54 0.18 76.67 0.77 

Fig. 12. Position at different constant spceds in the EMG30 de motor. 

speeds 1044. 2028. 4051. and 8037 r/min, and the average 
errors of position were 1.81. 7.49, 3.35. and 2.52 rad, respec
tively. For the 7 l 9RE385 de motor. the positions al the constan! 
speeds 934, 1970, 3482, and 5012 r/mín are shown. The average 
position errors were 3.19, 1.44 0.47, and 6.50 rad. respectively. 
These data indicate that the proposed method works correctly 
in a wide range of speeds. 

2) Constant Acceleration: In this situation, the speed of the
brushed de motor varies linearly or with a constan! acceleration. 

The results shown are the estimated speeds and positions with 
respect to the real speeds and positions. 

For the EMG3O de motor, the speed varíes linearly from 4100 
to 5100 r/mín, and far the 7 l 9RE385 de motor. it varíes linearly 
from 3100 to 5100 r/min. Figs. 14 and 15 show the speed results 
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Fig. 13. Posilion al different constan! speeds in the 719RE385 de motor. 
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Fig. 14. Speed with linear variation of spced in the EMG30 de motor. 
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Fig. 15. Speed wilh linear variation of spced in lhe 719RE385 de motor. 
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Fig. 16. Position with linear variation of speed in the EMG30 de motor. 
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far each de motor. Far the EMG3O de motor, the average e1ror 
of the speed was 0.49 r/mín, and the variance was 20.03 r/min. 

Far the 7 l 9RE385 de motor. the average en-ar of the speed was 
0.16 r/min, and the error variance was 10.57 r/min. Figs. 16 and 
17 show the position results far the two de motors. The average 
en-ar of position wa 2.09 rad far the EMG3O de motor. and it 
was 18.98 far the 7 l 9RE385 de motor. Ali these data indicate 

that the error is low and that the proposed method correctly
estimates the speed and position of a brnshed de motor when 

the speed varíes slowly. 
3) Speed Step: In the third work situation, a speed step is

produced in the speed of the brushed de motor. The results 
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Fig. 17. Posilion with linear variation of speed in the 719RE385 de molor. 
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Fig. 18. Speed with speed step in the EMG30 de motor. 
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Fig. 19. Speed with speed slep in the 719RE385 de motor. 
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Fig. 20. Position with speed slep in the EMG30 de motor. 
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hown are the estimated speed and position with respeet to the 
real speed and position. 

For the EMG30 ele motor, the step speed was from 2000 to 
4000 r/min, anel for the 7 l 9RE385 ele motor. it was from 3100 to 
5100 r/min. Figs. 18 and 19 show the estimateel ancl real speeds 
for the two brushed de motors. The proposed method took 
0.1 s to reaeh the final value of the speed for the EMG30 de 
motor and 0.2 s for the 7 l 9RE385 de motor. Figs. 20 and 21 
show the position results for the two ele motors. The average 
error of position was 15.90 for the EMG30 de motor, and it was 
1.02 for the 7 l 9RE385 de motor. These results inelicate that the 
error is low and that the proposed methocl is able to estímate 
correclly the speecl and position. 

t(s) 

Fig. 21. Position with speed step in the 719RE385 de motor. 

VI. CONCLUSION

This paper has presentecl a new sensorless methocl for es
timating the speed and position of brusheel de motors using 
SVMs. The methocl uses sensorless techniques based on the 
ripple eomponent. The method employs pattern recognition 
techniques to detect the pulse in bru hed de motor current 
signals. ancl it uses SVMs to classífy the pulse. To identífy 
the pulses, the method filters, normalizes. and obtains the more 
importan! features of the eurrent in a brushed de motor. Then, 
the SVM decides in eaeh instanee if a pulse has been produced. 
Finally, the method eounts the deteeted pulses in order to 
estímate the position and takes the inverse temporal distance 
belween pulses in order to estímate the speed. 

This method has an advantage over other existing methods: 
the ability to eletect ghost pulses and to discard false pulses. 
This is aehieved by introducing the time that has elapsed since 
the last deteeted pulse into the feature set and by using an SVM 
a a cla sifier to detect the pulses. 

The experimental results, obtained to validate the proposed 
method, show that the method works in a wide range of speeds 
and in differenl operating eonditions, such as linear speed 
variation and abrupt jumps of speed in a brushed de motor. 
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