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Abstrakt. Intelligent capacitive sensor which does not regtire inclusion of devices such as a
microprocessor, microcontroller or programmable ilogontroller is described. When using the
scheme of linearization in intelligent capacitivensor, the relative conversion error that is
introduced by elements such as resistors, capacaad operational amplifier can be as low as
one hundredth of a percent.
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Introduction. In measuring technique as well as in control aut@matechnique, various
capacitance sensors are used [1 — 9].

The increasing numbers of electronic systems iatewi have transformed the aircraft into
safe and intelligent machine. Capacitive techn@egplay very important role in the fields of
aviation instruments and sensors. The transductidhe capacitance into electrical quantities is a
very common but important requirement. The nonadnteorking principle is one of the main
advantages of this technology.

The capacitive transducers are frequently encoedteue to their small size, low power
consumption and low temperature errors. Howeveir thse always implies the choice of a suitable
capacitance measuring technique, with good ordecadracy, precision and reliability.

Intelligent sensors are becoming a reality in arasystems and instruments. These sensors
are more sophisticated than traditional sensotBegscollect, analyze and transmit data.

A smart transducer as a rule is an analog or digaasducer or actuator combined with a
processing unit and a communication interface. Bseahe tasks are performed by microprocessors,
any gadget which mixes a sensor and a microprocessisually called as an intelligent sensor. To
qualify as an intelligent sensor, the sensor andgssor must be part of the same physical unit.

In practice, the capacitive sensors have small aitgreces and their precise and accurate
measurement is a problem as a rule.

For example, in a capacitive position sensor, teetefied plate is the sensor surface and the
second plate is the target. The electronics coatisly change the voltage on the sensor surface.
This is the excitation voltage. The amount of cornequired to change the voltage is detected by
the electronics and indicates the amount of cagaoit between sensor and target. An AC bridge
circuit or other active electronic circuit is typlty used to convert the capacitance change into a
current or voltage signal and output. In ordinaapacitance-based position measurement, the size
of the sensor and the target, and the dielectridiume (usually air) remain constant. The only
variable is the gap. All changes in capacitancelaeefore the result of a change in the position o
the target relative to the sensor.

In the general case of capacitive sensor capaigttiie element with electric capacitance,
which value depends on sensor input value. Andipalyprinciples, on which capacitor structure is
based, are different in different sensors thoughethis wide range of their differences. It includes
both ordinary mechanic constructions, in which tagacity of capacitor is assigned by mutual
alignment of plates, and unconventional designssethafor example on ferroelectrics or
pyroelectrics.

Problem statement. While all these sensors have different princigiesperation, developers
face the problem, which is common for all sensdtrsncludes the necessity of acquisition of
functional relationship between input and outpuuga of sensor or device, which includes this
sensor [1; 2; 4]. There are two aspects of thiblam. In the first case, if the sensor has natural
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nonlinearity, it is necessary to implement its éineation. It means that auxiliary hard or software
tools, entered into composition of intelligent smnsare used to implement linear functional
relationship between input and output values. To®isd case is, when the capacitance sensor has
natural linear characteristic and according toaiemeasons it needs to obtain required nonlingarit

Solution of the problem. Assigned task can be easily solved, when the owgdue has been
already converted into digital code. For this pweothere is need to be, for example,
microprocessor, microcontroller, programmable logpotroller or even computer in the structure
of the device.

Still in the case of intelligent sensor constructithis is not desirable to include to its
composition hardware components of above-listedcdsy In this case designers of intelligent
sensor face the necessity to find other solutibpsyhich assigned task can be achieved with using
of hardware, which is more preferable to be inctude intelligent sensor. Measuring converters,
considered in researches [6 — 9], and also in&ltigcapacitance sensor developed by authors,
exemplify such devices. The scheme of such inttligensor is represented in Figure.
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Scheme of intelligent sensdr— Source of the reference voltage3 — Keys;4 — Integrator5 — Sample-and-hold
device SHP — Voltage-to-Time interval convertéf;— Key;8 — Synchronization blocl§ — Clock generator;
10— Storage capacitor (capacitor of the capacitivessr);11 — Switchboard12 —Code managed resistive matrix;
13- Decoderl4, 15, 16 — Countersl7 — Decoder

The principle of the device. Conversion of capacitandg, of capacitive sensor into the code

is implemented with the help of iterated-integratttansducer. It includes such units as a source of
the reference voltagk box of switched capacitor — kefs3 and storage capacitor (capacitor of the
capacitive sensof)0, integratod, sample-and-hold device S;lvoltage-to-time interval converter 6,
key 7, synchronization blocl8, clock generato®, storage capacitor (capacitor of the capacitive
sensor)10, switchboardlLl, code managed resistive mattiX decoderd 3, 17, counterdl4, 15, 16.

Required nonlinearity of response of intelligenpaeitivee sensor is created with the help of
code managed resistive matti®, switchboard 11 and decodES.

Such iterative-integration transducer works cydlycduring every cycle charging of storage
capacitor (capacitor of the capacitive send®J, from source of the reference voltabes carried

out, including subsequent discharging of it at ititegrator4 input. Also sampling of integrator
output voltage is implemented by sample-and-holda#geSH5. Then its storage follows during
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time T, of cycle of continuous integration of sample-amddhdevice SH5 output voltage by
Integrator4, and its transformation by voltage-to-time intémm@nverter 6 into impulsé, .
Impulse T, controls the connection of code managed resistig&ix 12 with source of the

reference voltag# by switchboard 2. Decoderl4 controls switchboard 1.
To derive equation of conversion of intelligent aejptive sensor let's consider its work in linear
mode, i. e. without implementation of linearizatidn this case resistors matrix is disconnected

with generator input. Let’'s suppose that impulseis equal toT, before the first of concerned
cycles. So after the ending of conversion cycleithpulse T at the output of voltage-to-time
interval converter 6 is equal to:

r o1+ BGKKs TEK K, _ EK, &TCX”O@_ £ K KJTJ,
c RC C RC

where E; — is output voltage of source of the referenceéagel 1;C_— capacitor capacitance of

storage capacitot0; C — capacitance of integrat@r capacitor;R — resistance of integrata¥
resistor;Ky —voltage follower gain of sample-and-hold devidé 5 K;;; —transfer coefficient of
voltage-to-time interval convertér

Similarly, after ending of tha-th cycle of transformation we get the formula:

n j—1 n
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Expression (1) consists of two parts. One is sumpaits corresponding to geometric
progression, which converges at the condition

‘1_ EoKur Ko
R

c <1. (2)

L EK Ky

RC j decreasing at the same condition.

Another one is the patﬂo(
If the condition (2) is fulfilled at the steady-sgacondition (—o), then the impulsd, at the
output of voltage-to-time interval converter 6 et@'mined by the expression

T.= limT, = RC;. (3)
Time of transient process of setting of the voltageletermined by specified accuracy of
transformation and actually form a few of cycles.
Code at the output of intelligent capacitive sengor steady-state condition without
linearization is
N, = fT, = fRC, (4)

where f, — clock frequency.

Now let's consider the linearization of the intgdint capacitive sensor, i. e. its work in the
nonlinear regime.
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Linearization is performed by means of forming thaexiliary component (voltage) in
accordance with equation (3).

Linearization time intervall is formed by the way of integration during imp@sg of
matrix currents are acting. Resistors connect fin ta the outputstE, and —E, of source of the

reference voltage 1. Polarities of reference velagvhich are connected to the corresponded
matrix resistors, as well as values of their rasisés, are selected against the required curve form
of linearization function.

Equation, defining linearization time interval can be represented in the form:

— EOKUF KUT u Sign(TX _E )+ SignGﬂ _-I; 2 !
T RC é 2R sigrf,,, | ©))

where R — resistance afth resistor of resistor matrix= 1,...n— number of section of piecewise-
linear approximation of linearization functidp; f,, — derivative of the linearization functioniat
th section of approximatiort, — the time interval from the beginning of the eyt the beginning
to thei-th interval (connecting of resistdR ); signX — sign function:

-1 x>0;
+1 x<0.

sign(X )={
Convertion equation, taking into account expressi@), (4) and (5) can be written as
Nout L = fO(Too +-|:)ut L)’ '

where N — output code with linearization.

out L

Conclusion. Intelligent capacitive sensor can be constructecbraiing to the considered
scheme; it does not require the inclusion of devisech as a microprocessor, microcontroller or
programmable logic controller.

In this case, taking into account the errors intcetl by such elements as resistors,
capacitors and operational amplifier, the inteligeapacitive sensor can be created according to
this circuit, which has relative errors of the cersion at the level of hundredths of a percent.

In this case the formation of a wide range of Immag functions to obtain the desired
conversion function can be possible.
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L. YO. Ceprees

Jlineapu3ailisi nepe1aBajJbHOI XapAKTEPUCTUKH IHTEJIEKTYaJbHOI0 EMHICHOT0 JaTYHKA
Po3rnsiHyTO IHTENEKTyadbHUM €MHICHMH JaT4YMK, SKHA HE BUMAra€ y CBOEMY CKJIaai TaKHX
MIPUCTPOIB SIK MIKPOIIPOIIECOP, MIKPOKOHTpoJep ab0o MporpaMOBaHHil JIOT1YHHK KOHTposep. [Ipu
BUKOPHUCTAHHI B IHTEJIEKTYaJIbHOMY €MHICHOMY JaTYMKYy CXEMH JIiHeapu3ailii, BIIHOCHA MOXHOKa
MEPETBOPEHHS, 1[0 BHOCHTHCS HEIJCATBHICTIO TAaKUX EJIIEMEHTIB SIK PE3UCTOpPH, KOHJEHCATOPH 1
oTepaifHui MiACKITIOBAaY, MOYKe OyTH MEHIIIE OJHIET COTOT YaCTKU BiICOTKA.

. 1O. Ceprees

JInHeapu3anus nepeIaTovYHON XapaKTePUCTUKH HHTE/JIEKTYAJbHOI0 eMKOCTHOIO JaTYNKAa
PaccmoTpen mHTEIEKTYaIbHbI €MKOCTHOM JaTYUK, KOTOPBIM HE TPeOyeT B CBOEM COCTAaBE TaKUX
YCTPOMCTB KaK MHUKPOIPOLIECCOP, MHUKPOKOHTPOJUIEp WIM IPOrPaMMUPYEMBIM JIOTHYECKUI
KoHTposiep. [lpm uUCHoONB30BaHMM B  MHTEIUIEKTYaJbHOM €MKOCTHOM JIaTYUKE  CXEMBI
JUHeapu3aluy, OTHOCUTENbHASI IOTPEIIHOCTh Mpeo0pa3oBaHusl, BHOCUMAsl HEUI€aTbHOCTBIO TaKUX
AJIEMEHTOB KaK PE3UCTOPHI, KOHJECHCATOPHl U OMEPAlMOHHBIN YCHJINTENb, MOXKET ObITh MEHBIIE
OJIHOM COTOM JT0JIM IIPOLICHTA.



