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Abstract: The detection of rotor motion is always key to ensure the normal operation of industrial
sewing machines. This paper presents a novel method for rotor detection based on charge induction
mechanism, which is suitable for industrial environments with high noise and electromagnetic radia-
tion and is easy to install. Firstly, the principle of measuring rotor rotation based on charge induction
is given. Then, the detection model of rotor direction identification based on two detection electrodes
is established. Finally, details are given of the detection circuit design and the experiment that was
carried out. The results show that the proposed method can effectively identify the noncontact rotor
direction with and without occlusion, indicating that the method has excellent anti-interference
capability. The accuracy of the method can be further improved by increasing the sampling rate and
sampling points of the system.

Keywords: charge induction; rotor direction identification; high-input impedance sensor; correla-
tion method

1. Introduction

The monitoring and measurement of rotor movement is always essential in industry,
aviation, precision machinery, and other fields. This includes industrial sewing machines
that sew seatbelts, airbags, and technical textiles [1]. In order to ensure the working
efficiency of industrial sewing machines, it is necessary to monitor the spinning state of
the bobbin equipped with the bottom line during the sewing process. Usually, the bobbin
steering affects the normal running of the bottom line. However, the space available to
install a device to detect bobbin rotation is very small. Moreover, the sewing machine
works in an industrial environment with high ambient noise and electromagnetic radiation.

The traditional mechanical tachometer, such as the centrifugal tachometer, can be used
for preliminary detection of the rotor speed. In addition, a series of detection methods based
on electricity, optics, and magnetism have been proposed [2-5]. Cheng Liu et al. proposed
a rotational speed measuring system on the basis of a laser mouse sensor [6]. Didosyan et al.
proposed a magneto-optical rotational velocity sensor based on an orthoferrite crystal [7],
where magneto-optics provided the opportunity to combine the advantages of the optical
methods with those of magnetic methods. Qian et al. put forward a noncontact method for
the measurement of rotor speed and direction based on a quadrant photoelectric detector [8].
Fabian et al. developed a multiparameter, multisensor system for comprehensive electrical
machine condition monitoring [9], where the fiber Bragg grating-based system can provide
simultaneous monitoring of key parameters, including machine vibration, rotor speed,
torque, spin direction, and temperature distribution, along the stator windings and on
the rotor surface as well as the stator wave frequency. Iura et al. proposed an estimation
method of rotational direction and speed according to the characteristic of an alternating
current (AC) machine [10]. Digital image processing and vision system have also been
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used to detect rotor motion [11-14]. For example, a novel nonprojection fringe vision-
based system simply composed of an artificial linearly varying-density fringe pattern as a
sensor and a high-speed camera as a detector was proposed to realize the measurement of
instantaneous rotational speed (IRS) in [15]. Guo et al. realized vision-based measurement
for rotational speed by improving the Lucas-Kanade template tracking algorithm [16].
In recent years, acoustic methods for rotor research have also been presented [17]. Mata-
Contreras et al. proposed a strategy to measure rotation speed and detect the motion
direction in contactless angular velocity sensors operating at microwave frequencies [18].

However, there are some limitations in the detection methods proposed above. Optical
methods, for example, are susceptible to background light and dust. The performance
of methods based on the electromagnetic principle is easily affected by electromagnetic
interference, so it is not suitable for industrial applications. Detection devices based on the
image processing and vision system are complex in structure, require regular maintenance,
and are high cost. Therefore, a rotation speed measurement method based on electrostatic
sensor has been proposed [19,20]. In order to improve the performance of the electrostatic
sensor in detecting rotation speed, Li et al. utilized a strip of predetermined material stuck
on the rotational shaft that will accumulate charge to obtain a strong periodical signal [21].
The measurement method based on electrostatic sensor is not affected by dust deposition
and electromagnetic interference, has a simple structure, and is low cost. However, the
detection electrode in this method needs to be placed around the rotor and electrostatic
shielding is added, which is difficult to install due to the lack of physical space in industrial
sewing machines. Moreover, the rotor direction cannot be detected in this method.

A rotor with an uneven surface will generate a low-frequency electric field as it rotates.
Our research group has been committed to carrying out application research in different
directions based on the charge induction principle and has made good progress in hand
motion direction recognition and intelligent light control in previous works [22,23]. There-
fore, this paper proposes a rotor measurement method based on charge induction, which
can realize rotor motion state monitoring and direction identification. Compared with the
existing methods, the rotor detection method based on charge induction is characterized
by easy installation and anti-influence of magnetic field, illumination, and dust. The rest of
the paper is organized as follows. Firstly, the principle of measuring rotor rotation based
on charge induction is given. Then, the detection model of rotor direction identification is
established. Finally, the results of an experiment carried out to verify the effectiveness of
the detection method with and without occlusion are discussed.

2. Detection Principle
2.1. Charge Detection Model for Rotor

When a rotor is in rotational motion, its surface becomes charged due to the friction
with dust or particles in the surrounding environment. The charge on the rotor can create
an electric field in space, which generates an induced charge on the conductor placed in
the field. The relationship between the induced charge on the conductor surface and the
electric field intensity can be expressed by [24]

Q= #4 ¢EedA 1)

where Q is the induced charge on the surface of the conductor, E is the electric field intensity,
and A is the surface area of the conductor.

Assuming that the surface of the rotor is completely uniform, the distribution of the
electric field generated by the rotating object will not change at any time, nor will the
induced charge on the conductor surface. If a hole (or bump) is added to the edge of the
rotor, the surface of the rotor will become uneven. As a rotor with a hole (or bump) rotates
at a specific frequency, the induced charge on the electrode surface will periodically change.
In order to simplify the detection model, the rotor rotation can be equivalent to the circular
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motion of the hole (or bump), and the hole (or bump) is further approximately considered
as a rotating object with charge Qp.

The charge detection model for rotor is shown in Figure 1, where the Cartesian space
coordinates is established. The charge Qg rotates around the point O (g, b, ), and its
trajectory is parallel to the x—y plane with the distance h. Q is the induced charge amount
on the metal electrode produced by the charge Qp. The length and width of the metal
electrode are m and n, respectively. The origin of the coordinate system is the center of the
metal electrode, and the axes x and y are located on the plane of the metal electrode.
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Figure 1. The principle of measuring rotor rotation based on charge induction.

If the coordinate of charge Qy is (x, y, z), the electric field intensity at the position (xo,
Yo, zo) on the metal electrode surface can be calculated as

1 Qo

Erowoze) = T— o ’
(xo¥0.20) ~ 4re (x —x0)> + (y —yo)* + (z — 20)° ?

According to Equations (1) and (2), the induced charge Q on the metal electrode can
be expressed as

Q(Qo,x,y,2) o
— _1 0% odA
fa~ 1z [G—x0 2+ (y—y0 4 z-202]

= (Q0/47-c){arctan[(n/2y)(m/Zx)/z\/(m/Zx)2+ (n/2—y)2+zz]

5 5 3)
+arctan[(n/2 +y)(m/2 — x)/Z\/(m/Z —x)"+ (n/2+y)" +2%

+arctan[(n/2 —y)(m/2 + x)/z\/(m/Z—l—x)2 +(n/2—y)*+22
+arctan[(n/2 +y)(m/2+ x)/z\/(m/2+x)2 +(n/24vy)* +22]}

In order to intuitively observe the change process of the induced charge on the metal
electrode, the detection system shown in Figure 2 is used for charge detection. The induced
charge Q is first converted to voltage V; using a charge-to-voltage convertor with input
capacitor C;. Then, the voltage V; is digitized by an analog-to-digital converter. Finally,
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a microprocessor is used to transmit the digital signal to the computer for further processing
and analysis.

h Vi V
(S:eiif — ADC —» MCU —»

Metal electrode

Figure 2. The process of rotor detection.
The output signal V, of the detection system is thus determined from

Q(Qo %, y,2)H

V:
0 C;

4)
where H is the system gain. For the detection model described in Figure 1, it is assumed
that the charge Qg rotates around the point O(a, b, h) with angular velocity w, initial phase
8, and radius r. Then, the coordinates of charge Qg can be expressed as

x =a+rcos(wt+0)
y="b+rsin(wt+6) (5)
z=h

In Equation (5), if a = b = 0, that is, the center of the rotor is directly opposite the center
of the metal electrode, then the induced charge Q obtained from Equation (3) will be a
certain value, which can be expressed as

Q_,@%
A2

At this time, the charge detection system cannot reflect the periodic motion of the rotor,
so it is necessary to ensure that 2 and b are not equal to zero at the same time. Supposing
Q=10"19C,C;=10pFH=6,a=2cm,b=3cm, h=4cm, m=15cm, n=15cm,
r=0.8 cm, w = 60mrad /s, and 0§ = 1/2, the simulation waveform of voltage V,, obtained
through Equations (3)—(5) is shown in Figure 3. Figure 3a is the time-domain waveform of
the output signal. It can be seen that the output signal V, is periodic due to the rotational
motion of the rotor. Figure 3b shows the frequency-domain waveform of the output signal.
There is an obvious signal of 30 Hz on the spectrum curve, which is exactly equal to the
rotor speed. In addition, for other shapes of electrodes, such as circular electrodes, the
calculation can be made by dividing them into smaller square electrodes. The amplitude of
the output signal is mainly related to the electrode area rather than the shape. The larger
the electrode area, the more the induced charge generated on the electrode.

Figure 4 shows the relationship between the position of the rotor relative to the metal
electrode and the AC component of the output signal V,,. When b and / remain unchanged,
the output signal V, as a function of the distance a of the rotor center relative to the metal
electrode is shown in Figure 4a. When a and b remain unchanged, the output signals
obtained with different vertical distances & are shown in Figure 4b. It can be seen that
the increase of distance a and & can both lead to the amplitude decrease of V,. However,
distance a will affect the zero crossing point of the output signal V,,, while distance h will
have no effect on it. It should be noted that the effect of parameter b on the output signal
V, is similar to that of parameter a.

(6)
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Figure 3. The simulation waveform of the output signal V,: (a) time-domain waveform; (b) frequency-domain waveform.

2.2. Rotor Direction Identification Model

In order to recognize the rotational direction of rotor, two metal electrodes of the same
size are used to detect the induced charge, as shown in Figure 5. The plane of the two
electrodes and the rotor surfaces are both placed parallel to the x—y plane, and d is the
distance from the center of metal electrode 1 to the center of metal electrode 2. Q1 and Q,
are the induced charge amount on metal electrode 1 and metal electrode 2 produced by
charge Q.

The coordinates of charge Qy (x, y, z) relative to metal electrode 2 can be expressed as

x =a+rcos(wt+0)
y="b+rsin(wt+0)—d (7)
z=h

Then, the output signal V,; of metal electrode 1 can be obtained from Equations
(3)-(5), and the output signal V, of metal electrode 2 can be obtained from Equations (3),
(4) and (7). Supposing that the center of the two electrodes is symmetrical to the center of
the rotor and the distance d between the centers of the two electrodes is equal to 6 cm, the
output signals of the two metal electrodes can be obtained, as shown in Figure 6. If the
rotor rotates clockwise, the ideal output waveform of V,; and V; are given in Figure 6a.
Similarly, Figure 6b shows the ideal output waveform of V,,; and V,; obtained when the
rotor rotates anticlockwise. During the rotation of the rotor, the hole (or bump) passes
through the two metal electrodes, so the amplitude of the signals obtained from the two
metal electrodes reaches the peak value successively. When the rotor rotates clockwise, the
output signal of metal electrode 1 lags behind that of metal electrode 2. On the contrary,
when the rotor rotates anticlockwise, the output signal of electrode 1 is ahead of that of
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electrode 2. Therefore, the rotation direction of the rotor can be identified by the phase
relationship between the two output signals. It must be noted that the centers of the two
metal electrodes are not in a straight line with point P, which is the projection point of the
rotor center in the x—y plane; otherwise, the phase relationship between the two signals in
the two rotation directions will be the same. The theoretical phase difference between the
two output signals is equal to the angle between the centers of the two metal electrodes

and point P.

Amplitude (V)

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Time (s)
(a)
0.4 T T T T T h=2 cm
—A— h=35cm

Amplitude (V)

| | | | |
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Time (s)

(b)
Figure 4. V, as functions of a and h: (a) V, as a function of a for b = 3 cm, h = 4 cm; (b) V, as function

of hfora=2cm,b=3cm.
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Figure 5. The detection model of rotor direction identification based on two detection electrodes.
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Figure 6. The ideal output signals of V1 and V,; for d = 6 cm: (a) signals V; and V,, obtained when
the rotor rotates clockwise; (b) signals V,; and V,,; obtained when the rotor rotates anticlockwise.

When the distance d between the two electrodes is equal to 7 cm, the simulation output
waveform of V1 and V; are shown in Figure 7. It can be seen that although the signal
amplitude and direct current (DC) bias of V41 and V,; are different, the phase relationships
of V41 and V5 in the two rotation directions are still the same as that discussed above.
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Figure 7. The ideal output signals of V,; and V,; for d =7 cm: (a) signals V1 and V; obtained when
the rotor rotates clockwise; (b) signals V1 and V,,; obtained when the rotor rotates anticlockwise.

In order to analyze the phase relationship between the output signals obtained from
the two electrodes, the phase difference can be calculated using the correlation method.
The cross-correlation functions of two signals A(f) and B(f) in the time interval T can be
given by

T
Rap(T) = /0 A(H)B(t + 1)dt ®)

where the cross-correlation functions R4p reaches the maximum value for the same phase
of two signals A(t) and B(t). Therefore, when R4p is the maximum, the time delay of B(#)
with respect to A(t) is time 7. When the time delay 7 is larger than 0, the phase of B(t) leads
A(t). When the time delay 7 is less than 0, the phase of B(f) lags A(t). When signals A(f)
and B(t) are discrete signals, Equation (8) can be expressed as

N
rap=Y_ A(m)B(n+m),m=—-N,-N+1,...,.n=N—-1,N ©)
n=0

where N is the length of signals A(n) and B(n). Assume that the maximum value of R4p
is obtained at the sampling point M. The time delay T between A(n) and B(n) can be

calculated by
T=(M=N)/fs (10)

where f; is the sampling rate of signal A(n) and B(n). In order to further study the phase
relationship between A(n) and B(n), the time delay is converted into phase difference:

A0 = T % 360° (11)
fo
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where f( is the frequency of signal A(t) and B(t). To intuitively distinguish the phase
relation between V1 and V; shown in Figure 6, the value of phase difference A should
be limited in the range from —180° to 180°. If the Af is beyond the limit, the new phase
difference A8’ can be calculated as follows:
AB —360° x ([A%18] 4 1), A0 > 180°
A0 =< A6 (12)
A6 +360° x ([A%E8C) +1), A0 < —180°

where [AGS%})?OO} is the largest integer less than A93i6(1)§00 . Thus, the phase difference between

Vo1 and Vo, shown in Figure 6 can be obtained. The phase difference in the clockwise
direction is equal to 115.2°, and the phase difference in the anticlockwise direction is
equal to —115.2°. Similarly, the phase difference in Figure 7 can be calculated. The phase
difference is 129.6° in the clockwise direction and —129.6° in the counterclockwise direction.
Therefore, the rotation direction of the rotor can be identified by the phase difference in
comparison with 0.

3. Experimental Results and Discussion

The detection circuit used in the following experiment is shown in Figure 8, including
the charge sensor, analog-to-digital converter (ADC) module, and microprocessor module,
as mentioned in Figure 2. The charge sensor was the ultrahigh-input impedance circuit
proposed by our group [25]. The ADC module was implemented with 24-bit ADS1298,
and the microprocessor was MSP430F5528. The collected data was transmitted through
serial port to the collection computer with a developed user interface program, and the
input port of the whole module was connected to two detection electrodes through coaxial
cable. The electrodes were circular metal plates with a diameter of 4 cm and tin plating on
their surface. The input referenced short-circuit noise of the detection circuit is shown in
Figure 9, where the noise for 1-100 Hz bandwidth was less than 1.5 uV. Figure 10 shows
the frequency response diagram of the detection circuit. The system had a band-pass
characteristic with a cut-off frequency of 0.15 and 75 Hz, and the gain at 30 Hz was about
15 dB.

Electrodes

Coaxial cable

Detection circuit

Figure 8. The detection circuit of the infrared system.
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1 10 20 30 40 50 60 70 80 90 100
Frequency (Hz)

Figure 9. The input referred voltage noise in frequency domain.

30

201g] Av|(dB)

—30 Lot M | L
107 1072 107! 10° 10" 10%

Frequency (Hz)

Figure 10. Amplification frequency response of the detection circuit.

The minimum and maximum charges that can be accurately detected by the proposed
rotor direction identification system were determined by system performance parameters,
such as system noise and the reference voltage of the ADC module. Firstly, the useful input
signal must theoretically be larger than the input reference noise to ensure effective signal
acquisition. However, in order to obtain a high signal-to-noise ratio, the minimum input
voltage V; is generally required to be greater than five times the system noise. Secondly,
considering that the saturation of the output signal will lead to identification failure, the
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maximum output voltage Vj should be guaranteed to be less than 90% of the reference
voltage £2.4 V of the ADC module with 15 dB gain. Therefore, the input voltage of the
circuit designed in the experiment should be less than 385.7 mV and larger than 7.5 pV.
Considering the system input capacitor C; 10 pF, the amount of induced charge on the
metal electrode detected in the system ranged from 7.5 x 1077 C t0 3.86 x 10712 C.

3.1. Experimental Condition

Figure 11 shows the experimental equipment for rotor detection. In the experiment,
a hole was added at the edge of the rotor with a radius R of 1.5 cm, where the distance r
between the hole center and the rotor center was set as 0.8 cm. The rotor was driven by
a DC motor, and its rotation speed was adjusted by changing the amplitude of the DC
voltage. The direction of the rotor was adjusted by changing the positive and negative
poles of the power supply. Two electrodes were placed in the vicinity of rotating equipment
being monitored as mentioned in Figure 5. The position of the rotor center was set as a
=2cm, b =3 cm, and h =4 cm, and the center-to-center spacing between the electrodes
was 6 cm. The experimental parameters were consistent with the simulation parameters
except the charge value and initial phase. In addition, the area of the circular electrode
with a diameter of 4 cm used in the experiment was slightly larger than that used in the
simulation. The sampling rate of the system was selected to be 250 Hz. Finally, the output
signal transmitted by the microprocessor was collected with the developed user interface
program. The spectral curves of the output signal obtained by one of the electrodes are
shown in Figure 12 under both stationary and rotating conditions of the rotor. Compared
to the signal for rotor at rest, there was a significant 30 Hz signal for rotor rotation, which
corresponded to the rotation frequency.

Rotor \ |

Figure 11. The experimental system for rotor motion.

3.2. Signal Processing and Analysis

To remove the interferences from the rotation signal, the output signal for rotor rotation
was processed with one band-pass filtering with center frequency 30 Hz and the quality
factor 10. The spectrum curves before and after processing are shown in Figure 13. The
processed output signals of the two electrodes for two rotation directions are shown in
Figure 14. Through calculation by Equations (9)-(12), the phase difference between the two
output signals was 125.9° for the clockwise direction and —108.2° for the counterclockwise
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direction. The amplitude difference between the two output signals might have been caused
by the electrode position measurement error. In addition, compared with the simulated
waveform, the amplitude of the experimental waveform was about one-fifth that of the
simulated waveform. This might have been due to the charge amount carried by the rotor
in the experiment being less than the simulation parameter. However, no matter whether
the rotation was clockwise or anticlockwise, the phase relationship of the output signals
of the two detection electrodes in the experiment was exactly the same as the simulation
results. The phase relation deviation between the experimental results and the simulation
result was about 10%, which might have been caused by actual measurement error.

T T T T
= = = Stationary rotor

100 Rotating rotor
60
=)
Z
5 20r
2 \\J
E" N
E_20h
\ -~ -
A SN of
— 60 - -
-100 ] ] 1 1 ]
0 20 40 60 80 100 120

Frequency (Hz)

Figure 12. The output signal spectrum under both stationary and rotating conditions.
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20
/m
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B
& -20
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<
-60
-100 1 | 1 1 |
0 20 40 60 80 100 120
Frequency (Hz)

Figure 13. The spectrum of the output signal before and after filtering.
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Figure 14. The output signals of V; and V: (a) obtained when the rotor rotates clockwise; (b) ob-
tained when the rotor rotates anti-clockwise.

In order to show the ability of the proposed method for occlusion, a metal plate was
placed between the electrodes and the rotor, as shown in Figure 15. The waveforms of
electrodes for rotor rotation with occlusion are shown in Figure 16 by dotted line, where
the amplitude of output signal with occlusion is enlarged by ten times. It can be seen
that although the signal amplitude with occlusion is smaller to that without occlusion, the
phase relationship between the two electrodes is unchanged regardless of whether there is
occlusion or not. Therefore, the presence occlusion will not affect the recognition of the
rotation direction.

3.3. Discussion

In the proposed method, the rotation direction can be identified by judging whether
the phase difference is positive or negative. The theoretical phase difference between the
two output signals mainly depends on the relative position of the two electrodes and the
rotor. Generally, the greater the angle between the center of the rotor and the centers of the
two electrodes, the larger the theoretical phase difference will be. In fact, the error tolerance
of the calculation value of the phase difference is not the same for different theoretical
phase difference. For example, when the theoretical phase difference of the system is 120°,
the system can allow the calculation error to be less than 50%, which can be accurately
judged as clockwise direction within the error range. However, when the theoretical phase
difference of the system is 160°, the calculation error should be less than 12.5% to ensure
correct identification of the rotor direction. The maximum calculation error of the proposed
method is allowed to be 90° when the theoretical phase difference of the system is 90°.
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Figure 16. Comparison of the experimental waveforms with and without occlusion.

Table 1 shows the relative relationship between calculation error and sampling rate,
number of sampling points, and rotor speed. Compared with the data from the first to
the fourth groups, when the number of sampling points remains at 100, the calculation
error gradually decreases from +50% to —2.6% as the sampling rate increases from 120
to 185 Hz. However, the data of groups 4-6 show that when the sampling rate is greater
than 185 Hz, the error increases with the increase of the sampling rate. This is caused by
the number of signal cycles used in the calculation of the correlation function not being
enough, which is verified by the following data groups. Data from groups 6-8 show that
when the sampling rate remains unchanged at 250 Hz, the calculation error decreases with
the increase of sampling points. However, when the number of sampling points exceeds
a certain value, the error will not decrease with the increase of the number of sampling
points. Therefore, when setting system sampling rate and sampling points, it is necessary
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to take comprehensive consideration and select appropriate values. Small sampling rate or
sampling points will increase the error, while large parameters settings will increase the
complexity of the system and reduce the real-time performance.

Table 1. The relationship between error and sampling rate and sampling number.

Serial Rotor Speed Theoretical Sampling Rate Number of Calculated Phase Error
Number V(r/s) Phase Difference fs (Hz) Sampling Points N Difference

1 30 60° 120 100 90° +50%
2 30 60° 145 100 74.5° +24.2%
3 30 60° 165 100 65.5 +9.2%
4 30 60° 185 100 58.4° —2.6%
5 30 60° 200 100 54° —10%
6 30 60° 250 100 43.2° —28%
7 30 60° 250 200 57.6° —4%
8 30 60° 250 300 57.6° —4%
9 30 120° 250 200 129.6° +8%
10 30 —160° 250 200 —172.8° —8%
11 50 —160° 250 200 —144° +10%
12 100 —160° 250 200 —144° +10%
13 >120 —160° 250 200 Invalid Invalid

In the case of the sampling rate at 250 Hz and the number of sampling points of 200,
the results of data groups 7, 9, and 10 show that the calculation errors are not exactly the
same for different theoretical phase differences, but the accuracy of direction recognition
will not be affected. In the data groups 10-13, calculation errors were obtained for different
rotor speeds. The results show that when the rotor speed exceeds 120 rotation per second,
the system sampling rate of 250 Hz will be insufficient to ensure correct identification.

Therefore, for the proposed rotor direction detection system based on charge induc-
tion, the appropriate electrode installation position can be selected first to ensure large
calculation error tolerance by setting the theoretical phase difference around 90°. Then,
according to the rotation speed of the measured rotor, the appropriate sampling rate and
sampling points can be chosen to identify the rotor direction in real time. As for the statis-
tical accuracy of the whole real-time system based on charge induction to identify rotor
direction, we will conduct a large number of repetitive experiments in further research.

4. Conclusions

In this paper, a novel method of rotor motion detection based on charge induction
is proposed. Firstly, the charge detection model of rotor motion was illustrated, which
showed that the detection signal V, is periodic due to the rotational motion of the rotor
and the periodicity is equal to the time of one revolution of the rotor, although the signal
amplitude decreases with the increase of distance between the electrode and the rotor.
Secondly, the identification model of rotor direction was established with the phase differ-
ence between two detection signals obtained by two electrodes in front of the rotor, which
was calculated using the correlation method. Finally, the detection circuit was designed,
and the experiment was carried out. The experimental results show that the proposed
method can effectively identify the noncontact rotor direction with and without occlusion.
The accuracy of the method can be further improved by increasing the sampling rate and
sampling points of the system. In summary, the proposed method is characterized by easy
installation with only two electrodes in front of the rotor and can work well with occlusion
as well as dust and electromagnetic interference. In the future, the accuracy of the rotor
velocity of the proposed method will be studied, and the ability of antivibration from an
industrial sewing machine will be investigated.
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