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Abstract: Focusing on the DC motor indirect velocity measurement without sensors, according to the
characteristics of the local mean decomposition, which PF component separated in decreasing order of
frequency were arranged, the paper builds adaptive filter (for short, AF). Secondly, the paper determined the
order in AF cut-off component to form a band pass filter to extract the commutation current. Finally, with the
DC motor commutation, extreme value difference method for getting the current frequency is proposed.
Commutation current characteristics respectively based on LMD and EMD are compared with experimental data,
and compared the performance of solving commutation frequency by the extreme difference method and
wavelet ridge algorithm, Hilbert transform and the arc cosine of LMD. Related experiments prove that the
proposed method is feasible and effective. Copyright © 2013 IFSA.

Keywords: Commutation current, Local mean decomposition, Adaptive filter, Extreme value difference
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1. Introduction steady-state frequency characteristics can be obtained
with FFT, and the transform fails in the process
before the steady state. The full process frequency

The rotating velocity information of DC motors is  characteristics can be obtained with the good ability
contained in the frequency of commutation current,  of time-frequency positioning of the wavelet packet
and then the starting rotating characteristic is able to transform, however, it also brings the large
be obtained by analyzing the starting armature  calculation and low precision since the discrete

current of DC motors [1,2]. The method has the wavelet transform and the time-frequency plane of
advantage of no velocity needed and is adapt to be  orthogonal decomposition are adopted [10]. Method
applied in fields of the online measurement and the  paged on the wavelet ridge adopts the continuous
motors without visible rotation axis [3, 4]. wavelet transform and brings high precision,

Former research on the indirect velocity however, much calculation is also brought since the
measurement of DC motors adopts digital frequency  apalytic function is built by the Hilbert transform to
meter [5] or microcontroller system to measure the solve the frequency in the complex domain. The
frequency of commutation pulse amplified and  short-time FFT and the 2nd generation wavelet
shaped by AC amplifier [6], and the methods rely on transform are restricted by the uncertainty principle
serious hardware. Recently research focuses on and hard to achieve good time-frequency results.
FFT[7], short-time FFT [8], wavelet packet  Methods of the Teager Energy Operator [13] and
transform [9], wavelet ridge algorithm [10, 11] and  phase difference [14] are also applied in solving
the 2nd generation wavelet algorithm [12]. The frequency, however, too sensitive to noise.
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The new method of solving frequency of multiple
component signals based on the Hilbert-Huang
Transform [15] is popular recently, and it
decomposes complex signals into the summation of
some IMF (Intrinsic Mode Function) adaptively
according to EMD (Empirical Mode Decomposition)
and then solves frequency for each IMF with the
Hilbert transform with good self-adaptability,
however, negative frequency easy appearing.

The local mean decomposition [16] is an adaptive
non-linear signal analysis method according to the
signal envelope characteristics and decomposes
multiple component signals into some product
functions of single component one. The PF is made
up of the amplitude and frequency modulation
function and can solve its instantaneous frequency by
computing the derivative, which realizes in the real
umber domain and brings the fast computing speed,
however, over amplitude of interval of [-1, 1] of the
cosine signal often appears.

The paper builds the adaptive filter based on
LMD to extract the commutation current comparing
to the method of EMD to extract the armature
current, and proposes a frequency solving method
based on the extreme value difference according to
the commutating characteristics of DC motors, which
is also compared to methods of wavelet ridge, Hilbert
transform and arc cosine in LMD. Results show that
the new method presented in the paper is better.

2. The Filtering Principle of LMD
2.1. Basic Principle [17]

For a signal x(2), the local mean decomposition
steps follows.

1) Find out the signal x(?) the local extreme points
of n;_ calculate any two adjacent local extreme points
mean m;, there are:

m; = (ni +ni+l)/2 (D

All the adjacent local mean points mi and mi+1
are connected by broken line, and then smoothed by
sliding average algorithm, get the local mean
function m11(t).

2) Calculate the envelope estimate ;

a, =\n,—n,, /2 2

Connect each adjacent envelope estimate values
a; and q; +; with broken line, and then smoothed by
sliding average algorithm to get the envelope
estimate function al 1(t).

3) Separate the local mean function my; (t) from
the original signal x (#), and obtain the signal Hy;(t):

h”(l)=x(l‘)—m”(l‘) (3

4) Divide h;,(?) by the envelope estimate function
a;i(t), get FM signal s;;(2):

s (0) = hy, ()] ay, (2) 4)

Repeat the above steps for Sy(t), get the envelope
estimation function aj, (t), If a;»(2) is not equal to 1,
indicating that s;;(#) is not a pure frequency
modulation signal, and then repeat n times until Sy,
(t) is a pure FM signal, i.e. namely the envelope
estimation function of s,,,(t )is a;4+/(t)=1, so:

by () = x(2) —my, (¢)
Iy, () = 50, (1) —my, (1)

. 5)
hy, (1) = Sl(n—l)(l) —m,, (1)
sp(t) = hu(t)/an(t)
Slz(t)zhlz:(t)/alz(l) 6)
5,(0) = hln(t)/aln(t)
Conditions for iterative terminated:
lim a,,(t) =1
lim (?) 7)
In practical application, in order to avoid

excessive decomposition number, we can set a

disturbance A, the iteration will end when
1-A<a;,(t) <1+A.
5) Multiply the iterative process envelope

estimation function, get the envelope signal a; (t):
al(t):all(t)alz(t)"'aln(t):kli[lalk(t) (3)

6) Obtain the formula (8) in the envelope signal
a; (t) and pure FM signal sy, (t) multiplied, to obtain
the original signal x (2), as a PF component:

PE(2) = a,(t)-s,,() ©

It contains the highest frequency component of
the original signal, It is a single component amplitude
modulation and frequency modulation signal, The
instantaneous amplitude is the envelope signal a;(?),
the instantaneous frequency f;(?) can be calculated by
pure FM signal sy,,(¢):

1 » d arccos(s,, (1))

Sty =5 x (10)

7) Separate PF; (t) components from the original
signal x (¢), and obtain the signal u; (t), u; (t) as the
new data, repeat the above steps, k cycle, until uy (t)
as monotonic function so far.

uy (1) = x(t) = PFy (1)

uy (1) =uy (t) — PF, (1) (1

up (1) = upy (1) = PE (1)
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As can be seen from the above steps, the original
signal can be reconstructed by u, (t) and all PF

k
components, i.e.: x(t) = Z PF,(t)+u,(¢).
i=1

2.2. Principle of Building Filter Based
on LMD

Adaptive temporal and spatial filter can be built
according to the frequency characteristics from high
to low of IMF components decomposed based on
EMD [18]. LMD has the similar characteristics as
EMD and so the similar filter can be achieved.

If removing the PF components finally
decomposed and adding the left ones, an equivalent
high pass filter is achieved; if removing the
components firstly decomposed and adding the left
ones, a low pass filter achieved; if removing the
components first and finally decomposed and
keeping the middle ones, a band pass filter achieved.
The adaptive filter (for short, AF) based on LMD is
expressed below.

f()= Y PE () (12)

In formula (12), the parameter of / and # is the
cut-off component order of AF, and takes values
from the interval of [1, N]. N is the maximum order
of PF components. X(¢) is the output signal. While
[>1 and h=N, AF is high pass; while />1 and A=N, it
is low pass; while /</<A<JN, it is a band pass.

The signal decomposing process based on LMD
indicates the filter owns the multi-resolution
analyzing and adaptive ability, and the cut-off
frequency and pass-band relies on the input signal.

2.3. Solving Transient Frequency Based
on the Extreme Value Difference

Leading or delayed commutation, and sparking or
arc discharging often appears in the commutating
process for DC motors. In addition, the process is
affected by the pressure on the commutator and
touching degree between the brush and commutating
segment [2]. All the factors would cause the
distortion for the commutation current. In process of
current extraction, methods of EMD and LMD are
difficult to remove the effect of Leading and delayed
commutation [17,18]. The velocity obtained
indirectly at the distorted point will not fit the actual
value which does not burst [5].

According to the definition of frequency, the
period is the time interval between two adjacent wave
crests and troughs and the reciprocal of period can be
considered to be the frequency at middle time for
adjacent crests or troughs, which is called the
extreme valve difference method based on the middle
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point. Assuming the commutation current is shown as
iy (1), the frequency solution follows.

Step (1) Find out all the peak values of i, (¢) and
set them to be shown as i, (7;); 7, indicates the
peak time with k=12,--- N , and N the total
peak number.

Step (2) If the coming time for the 1% peak is
equal to zero, turn to Step (3), or make the mirror
extension process to solve the end effect and then go
to Step (3).

Step (3) The frequency at middle time for
adjacent crests or troughs is shown below with the
sample frequency shown as f; .

AT S
A 5 ) S (13)
Step (4) Verify whether the frequencies robust.

Step (5) Plot the transient frequency wave in the
way of least squares fitting.

The method of positioning extreme values to
solve frequency has clear physical meaning and
resolves the frequency burst problem caused by the
leading or delayed commutation and spark factors.

3. Indirect Velocity Measurement
Formula and the Signal Acquisition
System

3.1. Formula for Indirect Velocity
Measurement

The formula is shown as the following [4].

cCXmXnxp

fVl: 60

(14)

In the formula, the parameter of m, n, p indicates
correspondingly number of commutating segments,
rotating velocity, and number of motor pole pairs.
The parameter of ¢ is a coefficient relying on m
taking the value of 1 when m is even, while taking 2.

3.2. The Signal Acquisition System

The acquisition system shown in Fig. 1 contains
permanent magnet DC motor of ZYTD-50SRZ-R,
Holzer current sensor of LSTR25N, data acquisition
card of RTUSB2850, PC and DC power adapter.

As shown in Fig. 1, the no load current of ZYTD-
50SRZ-R is 0.18 A, no load rotating velocity is
2000 rmp with the polar pair number of 1 and
commutating segment number of 12. With regard to
parameters above, the maximum frequency of
commutation current should be less than 40 Hz. The
sample frequency chosen in the paper is 20 kHz with
the acquisition data shown in Fig. 2.

As shown in Fig. 2, the armature current contains
plenty of noise signals from transient to the steady
state.
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Fig. 2. The armature current signal without load.

4. Experimental Result Analysis

The PF components decomposed based on LMD
from the armature current in Fig. 1 are shown
in Fig. 3.

And in order to verify the completeness of LMD,
the summation operation of all PF components and
residual functions are adopted to reconstruct the
original signal. The error waveform of difference
between the reconstructed and original signal is
shown in Fig. 4.

As shown in Fig. 4, the error degree is in the level

of 1077 | which proves method of extracting
commutation current based on LMD is feasible.

Fig. 3 shows that all the PF components are in the
frequency order from high to low. PF1 and PF2 with
small amplitude and high frequency can be assumed
to be noise. PF3 with the amplitude increasing and
lower decreasing can be assumed to be the
commutation current component. The frequency of
other PFs keeps decreasing and PF7 can be thought
approximately as the DC component. With the
analysis above, the cut-off component for the band
pass filter describe in Formula (12) is fixed with the
order of /=3 and h=6. So the AF output signal is the
commutation current shown in Fig. 5.

With comparing to Fig. 2, it shows that the band
pass AF well keeps the commutation current while
removing the high frequency noise and low
frequency DC current.

The DC components by EMD [17] and LMD are
shown in Fig. 6 (a), and the commutation current in
Fig 6 (b).
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Fig. 4. Error signal between reconstructed
and original signal.
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Fig. 5. Commutation current by LMD.

As shown in Fig. 6(a), the DC component
extracted with EMD performs better in the starting
process, and the ones with both methods perform
similarly; as shown in Fig. 6(b), the commutation
current extracted with LMD performs smoother
waveform.

With the experimental environment of K480P-
i5G PC, Win7 OS and Matlab 7.12, the time for
obtaining all the IMF components by EMD based on
screening stop criterion by Rilling [17] with the

265



Sensors & Transducers, Vol. 158, Issue 11, November 2013, pp. 262-267

default settings is 2.463026s, while time for
extracting all the PF components by LMD with the
disturbance quantity of A=0.0001 is 1.193508 s. That
proves that it is faster for LMD and more suitable for
the measurement in real time mode.
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(b) Commutation current by LMD and EMD.

Fig. 6. Waveform comparison with LMD and EMD.

Fig. 7 shows the solved frequency by methods of
the extreme value difference and the wavelet ridge
algorithm, and Fig. 8 shows the Fourier spectrum of
the starting current.

Comparing with Fig. 7 and Fig. 8, method of
extreme difference can be effective for solving the
frequency of the commutation current extracted by
EMS and LMD. That three frequency waveforms go
into the steady state at the same time in Fig. 7 proves
the difference method is right. It also shows that the
commutation current waveform with LMD is
smoother and no bursting than that with EMD in the
starting transient process; and the frequency
waveform by the wavelet ridge algorithm which has
large fluctuation in the boundary of steady state is
smoother than that by the extreme difference.
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Fig. 7. Transient Frequency with methods of the extreme
difference and the wavelet ridge algorithm.

266

10 T T ! T

Amplitude [ A

0 100 200 300 400 500
FrequencyHz

Fig. 8. Fourier spectrum of the armature current
in the starting process without load.

In addition, the time for solving frequency with
the wavelet ridge algorithm of the type of cmor6-2
wavelet and scale of 1:300 is 12.633830 s, while the
time with extreme difference method is 0.385791 s,
which is more suitable for the real time application.

Fig. 9 shows the frequency waveforms of main
modes by Hilbert Transform and LMD arc cosine
method, and the former has large amplitude and
many mutation points because the commutation
current is not regular cosine wave and the
commutating process is very complex.

LMD adopts the moving average algorithm like
the filter window in the process of obtaining the pure
FM function to solve the frequency, and the
waveform is smoother than that of HHT, but has
some fluctuation because the value of the FM
function is often beyond the interval of [-1, 1].
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Fig. 9. Frequency waveforms of main modes by Hilbert
Transform and LMD arc cosine method.

According to Formula (12), the rotating velocity
is plotted in Fig. 10 showing the steady velocity is
1825 rmp, and the fluctuation range is less than
+5 rmp, which proves the method proposed in the
paper is feasible.
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Fig. 10. Rotating velocity of DC motors without load.
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5. Conclusions

The adaptive filter based on LMD is built in the
paper, and the methods of EMD and LMD in
extracting the commutation current form DC motors
with no load are compared with experimental data. A
new method of solving commutation current based on
the extreme value difference is also proposed and
compared to methods of LMD arc cosine, Hilbert
transform and wavelet ridge algorithm. Some
conclusion follows.

1) Comparing to EMD, LMD extracts smoother
commutation current and performs faster speed,
which is more suitable for the real time application.

2) The frequency can be solved by the extreme
value difference method.

3) With regard to solving frequency of
commutation current by EMD and LMD, the
waveform with LMD is smoother in the starting
transient process.

4) The transient frequency characteristics with the
wavelet ridge algorithm are better, but have large
fluctuation in the boundary of steady state.

5) Comparing to the wavelet ridge algorithm, the
speed in solving frequency with the extreme
difference is increased by 96.95 % and it is suitable
used in real time mode.

6) Methods of the LMD arc cosine and Hilbert
transform are not suitable to solve frequency directly.

References

[1]. Baoguo Yuan, Zhenrong Cao, Shengguo Wang,
Effect of counter EMF on ripple frequency of current
in DC motor, in Proceedings of the CSEE, Issue 30,
2007, pp. 92-96.

[2]. M. Hilairet, F. Auger, Sensorless speed measure-
ment using current harmonic spectral estimation in a
DC-motor, in Proceedings of the International
Symposium on Power Electronics, Electrical Drives,
Automation and Motion (SPEEDAM' 06), Taormina,
Sicily, Italy, 2006, S28, pp. 14-19.

[3]. Lin Yang, Shumei Cui, Manlan Liu, Analysis of
existing problems of testing DC motor rotating speed
utilizing fluctuating current, Micromotors Servo
Technique, Vol. 40, Issue 4, 2007, pp. 82-85.

[4]. G. Tobias, Method for determining the frequency of
the current ripple in the armature current of a
commutated DC motor, United States Patent,
No. 20040098213, May 20, 2004.

[5]. Wenhai Zhang, Rotating velocity measurement for
DC motors, Micromotors Servo Technique, Vol. 29,
Issue 4, pp. 38-40.

[6].

[7].

[10].

[11].

[13].

[16].

[18].

. Xianda Zhang,

Daoying Lu, Xiaoming Wang, A new method for
rotating velocity measurement of micro motors,

Micromotors Servo Technique, Issue 4, 1985,
pp. 31-33.
Guobao Yuan, Zhengxin Zhou, Zhihua Hu,

Experiment method on sensorless speed estimation in
DC motor, Small & Special Electrical Machines,
Issue 11, 2007, pp. 20-22.

Jingshuo Shi, Ning Guo, Baoting Liu, Speed
detection for no-coupling single-phase AC series-
excited motor, Small & Special Electrical Machines,
Vol. 30, Issue 6, 2002, pp. 17-19.

Yunbing Wei, Jin Huang, Jianhua Huang, Removing
noises from signals of motor measurement by
wavelet  packet, Transactions of  China
Electrotechnical Society, Vol. 16, Issue 5, 2001,
pp. 64-67.

Faliang Niu, Jin Huang, Instantaneous frequency
extraction of asymptotic signal and its applications in
motor performance test, Tramsactions of China
Electrotechnical Society, Vol. 21, Issue 4, 2006,
pp. 122-126.

Haijun Song, Chuanjin Huang, Teijun Chen, Indirect
measurement of asynchronous motors based on
wavelet ridge, Electric Machines & Control
Application, Vol. 39, Issue 11, 2012, pp. 36-39.

. Chuanjin Huang, Gang Lei, Tiejun Lei, Research on

DC motor indirect velocimetry based on the second
generation wavelet, Small & Special Electrical
Machines, Vol. 41, Issue 6, 2013, pp. 18-21

P. Maragos, J. F. Kaiser, T. F. Quatieri, Energy
separation in signal modulation to speech analysis,
IEEE Transactions on Signal Processing, Vol. 41,
Issue 10, 1993, pp. 3024-3051.

Unsteady signal analysis and
processing, National Defence Industry Press, 1998.

. N. E. Huang, Z. Shen, S. R. Long, et al., The

empirical mode decomposition and the Hilbert
spectrum for nonlinear and non-stationary time series
analysis, Proceedings of Royal Society London,
Vol. 454, 1998, pp. 56-78.

J. S. Smith, The local mean decomposition and its
application to EEG perception data, Journal of the
Royal Society Interface, Vol.2, Issue 5, 2005,
pp. 443-454.

. Chuanjin Huang, Haijun Song, Tiejun Chen, A new

extraction method for micro DC motor armature
current, Small & Special Electrical Machines,
Vol. 41, Issue 4, 2013, pp. 10-13.

Chuanjin Huang, Haijun Song, Tiejun Chen, High
frequency component extraction method based on
EMD filtering for DC motor starting current, Small &
Special Electrical Machines, Vol. 41, Issue 5, 2013,
pp. 28-31.

2013 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.

(http://www.sensorsportal.com)

267




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


