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Abstract

A simple method to demodulate, the resolver signal and its application is
introduced in this thesis.~The”proposed method can“provide the demodulated
resolver quadrature signals, sine and cosine, without requiring the low-pass filter used
in the traditional’ approach. Therefore, the phase delay-between thestator winding
and the rotor winding is avoided! The' configuration of-this_approach: consists of
commercial available circuit buildingblocks such.as_comparator, sample and hold
circuit (S/H) and monostable multivibrators: Thus, the proposed-approach is obtained
to the economical attraction. The/operation of the proposed demodulator and its
performances are- confirmed ‘by MATLAB & Simulink simulation ‘and experimental
results. For the lapplication of this,method, the propesed demodulator is-used to be
amplitude detector for capacitance sensing circuit. The  circuit configuration is
implemented 'using only~commercially available” devices. . The  performances of
proposed circuit confirmed by experimental results aré agreed withuthe ‘expected

values:
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Simple Resolver Demodulation

Akira Ota, Wandee Petchmancelumka, Apinai Rerkratn,
und Vanchai Ricwruja

- Faculty of Engincering, King Mongkut's Institute of Technology Ladkrabang,
Ladkrabang, Bangkok, 10520, Thailand

Abstract

A simple method to demodulate the resolver signal is introduced in this article. The proposed method can provide the

d Julated resolver quad signals, sine and cosine, without requiring the resolver excitation signal as the carrier

' signal. Therefore, the phase delay between the stator winding and the rotor winding is avoided. The configuration of this
h ists of ial avariable circuit building blocks such as comparator, simple and hold (S/H) and

monostable multivibrators. Thus, the proposed approach is. ob

d to the ece ical jon. The operation of the

proposed demodulntor and its performances are confirmed by simulation and experimental results.
Keywords — resolver, demodulation, suppressed carrier, sample and hold

1 Iatroduction

Resolver is an importance transducer in measurement, and
control systems. Its applications arc in the_form-of angular
position measurement such as robot, aircraft, CNC and satetlite
tracking antenna {1]43): The interesting for using cesolver in
these applications is due to the fact-that-resoiver provides the
benefit in term of high reliability, robustness and maintenance
free [4). The configuration of. resolver is a-kind -of rotary
transformer where rotor winding is @ primary and twe stator
windings placed on right anglc are sccondaries. The resolver

perating requires an cxeitation signal for rotor winding. The
output signals fram two secondaries are produced by the
modulation of excitation signal at primary ‘and the ‘rotor shaft
angle. The modulated signals from resolver are results in
function of sinc’and cosine. These output signals arc generated
in form of amplitude modulated signals with double side-band

the resulting signals from secondarics ‘are climinated. The
proposed tesolver demodulator circuit shows the benefits in the
terms of small in'size, high performance and low cost.

2 Circuit description

2.1 Principle

Principle of the proposed resotver d is shown in Fig.
1(a). The configuration-of proposed-principle comprises four-
cireuit building blocks i€, sample and held (8/H) circuit, zero-
crossing detector, quarter. cycle delay circuit and S/H control
circuit. The opertion of the principle. in Fig. I(a) can be
explained as follow. From Figs. t(a) and.1(b), zero-crossing
detector converts the excitation signal {curve ) to square wave
(curve iii), which is used to generate time sequence for control

suppressed carrier, Traditionally, a synck demedulator is
used to remove the-carrier or excitation signal and produce the
angular of the rotor shafl. The use of synchronous demodulator
requires a low-pass filter, which is phase sensitive device to
rejéet high frequency component. To detcrmine the rotor shaft
angular, both output signals of .resolver arc used- [3}-[5]
However, the inaccuracy of the shaft angular readout is duc to
the mi h of synct d luk used to detect

angular signals from sccondaries.In general, a low-pass filter-

provides phasc shift of output signal. Thercfore, low-pass filters
used for two synchronous demodulators of resolver daric:

the ape of cach circuit building bloeks. The quarter cycle
delay circuit: delays the obtained square wave signal 1o ong
fourth of time period of the excitation signal. The output signal
of the quarter cycle delay circuit is sent to $/H control circuit te
control the operation mede of S/H (curve iv) where logic level
*1” means sampling and logic fevel “07 mecans hold. The
resolver signal (curve i) and S/H control signal (curve iv) are
simultancously applicd to S/H in Fig. 1(a). The S/H is controlled
by. S/H control. signal to produce. demodulation of resolver
signal to/the angalar signal (curve v). It'can be seen that the

d' technique can- detect angular signal from resolyer

must be perfectly hed for high y. Unft ly, two
perfecily matched “low-pass filters are improbable  for
implementation. In addition; the inaccuracy . of ‘traditional
synchronous demodulator is also disturbed by phase shift
between the excitation signal and carricr  presented in

prog
signal without using phasc sensitive device that requires in/the
traditional resolver demoduiator.

secondaries’ of the resolver. This is due to that the sy
demodulator requires an excitation signal to remove the carrier
presented in the secondaries. There are several techniques to
demodutate the resolver signals with more accurately results [6],
[7}: Nevertheless, these techniques provide large configuration
and inc i for imy
technique to demodulate the resolver signals is'presented. The
excitation signal is used to provide the. time-sequence control
signal. Thereford, the inaccuracy due to the phase shift between
excitation signal and carries is avoided. The output signals can
be 'produced without low-pass filter. Thus, the phase errors of

)\ fon. In this article, a simple. "

resalver nn.gulnr
signal - \(#) Sample & ) o signal
Hold (S/H)
tiv)
signal Zero- | (il Quarter S
@ crossing [— cycle #} control
delector delay circuit

@
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i Fig.}. Proposed resolver demodulation technique.
: {8) Basic principle
(b} Signal waveforms of each point

2 2 Proposcd circuit \
'ﬂu. proposed technique for Fig. l(n) is dcpxclcd in Fig. 2. All

dcvnccs uscd are [t Therefore,
the,circuit is casﬂy scmng up and low cost. From circuit m Fig.
2, opamp Al f a to pase the ion

signal with ground potential. The excitation signal in the form of
sinusoidal wave is converted to square waveform-with 50% duty
cycle. The positive going edge of square wave is passed to trig’

- the-monostable multivibrator MNI 10 generate a pwuvc single

pulse. The pulse;width of the output pulse from MN1 is assigned
1o thie quarter of the excitation signal time period. The falling
edge of the output pulse from MN{ will transfer to trig the S/H

. control circuit formed by the’ monostable multivibrator MN2 to
. pm\'ldt. sample sngnnl for 8/H. The fimeé period of sample signal

is set to minimum time requirement for ability of sampling to
hold of S/H. Consequently, the S/H will sample the resolver
signal at the peak amplitude of carrier signal and hold. The,

angular signal or demodulation signal is eccurred in the hold

stage. 1t should be noted that the ommtaon of the circuit in Fig.
2i |§ agreed with the propos-x.!_pnnmplc in Fig. 1.

rt.-?o_l\‘er - . angular
signal : ) signal
=5 -DD_/_ _D_ AN

s
) I

monostable

MN2

excitation : T '
signal
[T monostable
@ £ multivibrator
MNI

Fig. 2. Block diagramof the proposed resolver demodulation.

3 Simuiation and experimentaliresults

To /demonstrate the principle of Fig. 1(a), MATLAB
SIMULENK program was-used. The results of each stage can bc
shown inFig. 3. ;

iit

AL L)

Fig.3. Simulation results from MATLAB,




The performanee of the pmposed circuit in Fig. 2 was confirmed
by All devices used in the

ed circuit are li ilable. The devices of
LF398, LM339 ll'ld CD4528 are used as S/H, comparator and
ble multivib . The excitation signal

was set to 3 kHz smuwldal wave with SV The resolver signal
is provided from SANYO DENKI lOI-4IlX) resolver. The pulse
width of the monostable multivibrator MN1 is set to quarter of
the excitation signal time period as 83us. The S/H control pulse
width is assigned to Sps for S/H (LF398). The sequential curves
from excitation signal to S/H control signal are shown in Fig.
4(a). It can be seen that the output curves of each building block
are similar to the curves in Fig. 1(b). The resolver was driven to
thewdofl&ﬂﬂmThmsolvasugmlwulpplmdlolhc
input of S/H. The results of the anguhr signal are shown in Fig.

4(b). In addition, the sine and cosine signals of resolver can also
be achieved by including another S/H as shown in Fig. 5(a). Fig.

5(b) shows two d d signals obtained from secondaries
of resolver.

Fig. 4. Measured resulfs i pEop
(a) Signals of each b

using
lhc proj

ame

sine slgnals
lrol sig|

mulal

ircuit perie

plement a de

S
0 1S U o/d
g inbativailable &5 i
ighostable multivy r.

monostable
£ multivibrator
MNI
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Abstract—This poaper presents an interfacing circuit for

- capacitive sensor using charge amplificr fokmed a capacitance-to-

voltage converter. The propased circuit is suitable for the front-

end annlo"-m-dlglta| canverter (ADC) and wide variable range of

sensing' cupacitance. The achieved output voltage provides 2

lmcnr (rnnsfer churuclcnshc and fast response.

ration-is i d using only commercially available

devices. The performances of praposed cireuit are-confirmed by
experimental results.

Aepmrds—capaclmr: sensor; interfacing circuit; capacitance-

1/ (-
{ I8 5 i hold circuit

“I. INTRODUCTION

Thc detection of phyﬂcal quantities using rcapacitance
property is widely applicd in-—industrial process  control;
measurement and instrumentation systems. The' capacitance
variation of capacitive sensor is-depended on' the change of
physical quantitics such-as displaccment, pressure, weight,
humidity, flow and liquid level [1-4]. The achieved capacitance
from capucmve sensor converted, to-electrical signal can be
found in many techniques [2; 5-10]. The method for conwmng
capacuancc, to frequency or interval time has been proposed in
lncmlun. [6-9]. “Unfortunately, the specific circuit building
blocks are required -for these approaches. The circuit design
technique to interface _capacitive sensor based on.the usc of
capacitance-to-voltage converter has been introduced [2, 5, 10).
Two earlier approaches [2,-5] arc suitable in the term of
integrated circuit; Therefore, an inconvenient will occur during
implementing of these approaches. Interfacing circuit design

for capacitive sensor using commercial available devices has

been introduced [10]. This approach is suitable for being the
front cnd circuit of ADC duc'to the obtained output of this
technique as the sample-and-hold signal, The charge-amplifier
and amplitude detector” is employed | for | this. technique.
Nevertheless, detecting the voltage-amplitude from charge
amplifier requires twiceof “the period ‘of ‘the " sinusoidal
excitation signal.. Therefore, time ~response 1o .varying
capacitance of this approach is quite low. If detecting time is
. reduced, the response time will be faster. The aim of this'paper
is to proposc the interfacing circuit, which improves the
response of the literature |[10], forcapacitive sensor. The
*_proposed scheme is suitable as. the front end circuit of ADC,
Detecting time for capacitance change is.used only a period of
sinusoidal excitation signal. The . circuit._configuration
implements using only commercial availabledevices.

‘The. circuit

Experimental results showing the performance of proposed
converter are also included.

1. CIRCUIT DESCRIPTION

Block..diagram of the proposced technique to realize
interfacing circuit for capacitive sensor is shown in Fig. 1. The
configuration of proposed converter comprises of capacitance-
to-voltage converter function. from charge amplifier and
amplitude detector based on_sample-and-hold circuit. The
amplitude of Voltage Ve is depended on the capacitance Cy
from sensor, Fhen amplitude detector is used 1o find out the
voltage amplitude Fe- which-is the output signal of proposed
interfacing circuit.

A. Capacitance-to-Yoltage Converier

Capacitance-to-voltage converter in Fig. 1 is based on the
use, of charge amplifier as shown in Fig. 2. Operational
amplifier (opamp) A, resistor Ry, and capacitors Cy and Cy
function the charge detector. The voltage V. with sinusoidal
waveform is the excitation signal applied into charge detector.
Thus, the relation between voltage ., and output voltage V)
of charge detector can be given by

¥ = _M—-V’i/]rq ()
JOC R, +1

where @ denotes the angular frequency of the excitation
voltage generated from sinusoidal signal gencrator, Cy defines
the sensing capacitance from capacitive sensor.

It can'be seen that the output voltage of charge detector ¥y
is in form of sinusoidal wave with amplitude depending on the
value of capacitance Cy. Due to the voltage V is quite small,
the voltage amplifice formed by opamp A; and resistors R, and
R is employed to-gain for the suitable voltage. Thus the
output voltage Ve of capacitance-to-voltage converter can be
expressed as

Ry{ joC R, 41

If jwCR, >> 1 is set, then the voltage V- can be approximated
as

978-1-4673-7863-6/15/$31.00 ©2015 IEEE 313

Vo= R [M]; (2)
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Fig. {. Block diagram of the proposcd interfacing ciscuit technique,

R
—MWA—
G
1
1i Ry
Vo S
o—,{ " Ry
b Ve
b——0
Fig. 2. Capacitance-to-voltage converter kased on charge smplifier.
R,Cy
Ve="LXyp, (3)

®C,

From (3), it is clearly seen that the amplitude of voltage Ve
depends on the capacitance Cy while_resistors R, and R..
capacitor Cyand voltage V. are fixed. Then the voltage, I is
transferred to amplitude detectorto remove sinusoidal. signal
and produce the de voltage refated to the-sensing-capacitance
Cr.

B. Amplitude Detector

The configuration of amplitude detector used [ LI} consists
of sample-and-hold circuit S/H, two monostable multivibrators
MN, — MN; and comparator CP, as shown.in Fig. 3. The
voltage Ve with amplitude refated the -capucitance. Cy and
cxisting excitation signal ¥, in form of sinusoidal wave is
applied into/ S/H controlled -by S/H control signal ¥ to
produce the output voltage ¥, of proposed interfacing circuit,
Comparatoer CP, is used 1o compare the sinusoidal excitation
signal ¥, with"ground potential for generating-the square
wave by with 50% duty cycle. The rising cdge of square wave
signal ¥4 is exploited to trig MNy for produce the positive
single pulse. The pulse widih-of obtained output signal from
MN, is one-lourtiv of excitation time period. The falling edge
of single pulsc_is uscd to trig-MN; for géncrating the S/H
control signal ¥5-for hold the peak amplitude of excitation
signal. The dc voltage V/,,, related capacitance Cy is obtained
at the output of S/H. The operating waveform sketehes ol cach
node (Ve Ve Ve, Iyand V,,).dn Fig, 3 are shown in Fig. 4. It
should be noted that'the output voltage ¥, of the proposcd
converter relating with. the value of capacitance Cy | from
sensor,

Tl EXPERIMENTAL RESULTS

To verify the proposed principleathe converter-including
charge amplificr in Fig..2 and amplitude detector inFig. 3 was
experimentally  implemented., using commercial available
devices and circuit parameters as.summasizediin Table 1 and
Table 2, respectively. Voltage gain of A; was setito 20, tinies.
The performance of amplitude detector is.shown in Fig.'5
where V-and 17, are 10kHz sinusoidal with.anmplitude varied
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Ve
o——1

monostable
¥ multivibrator
MN,

f

monostable
£ multivibrator
MN,

Fig. 3. Amplitude detector,

)

_r—'—'_'_,_,_l_ﬁ_\_‘_\_‘—‘—'_\—

Fig+. Operating waveform sketches of each point in Fig. 3.

=

Vour

0V 105V, and 2V, amplitude of 10kHz sinusoidal signal,
respectively. Fram Fig.=8, the upper ‘and lower traces
demonstrate voltage ¥ and-output voltage Ve, of amplitude
detector, “respectively. It can be seen-that amplitude detector
used- in' this paper spend_a periodiof excitation signal for
deteeting time - of -eapacitance. Cy change. From  (2),
Capacifances Gy = 0.0005uF, 0.005uF and 0.05uF were
selected for suitable range of capacitance € from sensor. The
10kHz sinusoidal excitation signal T’z 'of 2V, amplitude was
applied into thecireuit. Figs. 6(a) —6(c) demonstrate the plots
of output vollage ¥,,, against sensing capacitance Cy varied in
ranges of 0.1nF_—~InF, InF ~ 10nF and 10nF — 100nF,
respeciively.
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TABLEL DEVICES USED FOR IMPLEMENTATION OF THE PROPOSED

‘ INTERFACING CIRCUIT
' Device Part Number
Opamp (As- Az) LF351
Sample and hold (S/H) LF398
! Compaator (CPy) LM339
‘ Monostable multivibrater
(MNi:MN:) CD4528

TABLEIl, PARAMETERS SET FOR IMPLEMENTATION OF THE PROPOSED

INTERFACING CIRCUIT
v Parameter ‘Value
; Voo —Vss 15V
’ Ry 100k
. R 15kQ2
R 300kQ

PO

cor. s.ogv_%@jp 5,00V M 400us| A CAT 7 ~3.30V

Fig.5. Measured signals (Veand .2) of amplitude detector.

The error of obtained output vollage V., from the expected
value is also illustrated in Fig. 6. It should be noted that the
waorst-case. error s less than-23mV. It"is evident that the
proposed interfacing circuits ‘can convert correctly. the
capacitance from capacitive sensor o dc voltage. Morgover,
response time of this proposed scheme can be reduced to 50%
from the literature [10].

; _"1V. CONCLUSION 1

Interfacing circuit for capacitive sensor has been introduced:
in this paper. The proposed circuit using only commercial
devices provides simple: configuration” and low cost. The
obtained output. voltage is.. proportional to _the sensing
capacitance. The response time. touthe change of sensing

" capacitance from sensor is used only.a period of the excitation

signal. Experimental results veritying the performance of the
proposed circuit are agreed with the expected values.
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Fig.6. Plots of the output Valtage versus varied sensing capacitance Cy
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