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Abstract—In a previous development, it became important to
be able to detect changes in the concentration of certain gases
in the air. To this end, we want to develop a capacitive sensor
that can effectively detect very small changes in composition.
To design such a sensor, we wanted to use an old capacitive
component, the application of which is described in the following
article.
The capacitive sensor-processor circuit described in this paper,
as a useful solution for operating a planar capacitor, can be
advantageously used in the context of certain interactive suits,
active wearable.
In this paper, the sensor itself, the analog-to-digital solution that
interrogates the sensor, is presented.

I. INTRODUCTION

A few decades ago, rotary capacitors were widely used in

electronic equipment, be it measuring instruments or even ra-

dio receivers. These were electronic components that consisted

of a stator and a rotor disk package. By rotating a shaft, the

position of the rotor could be changed, thus changing the

effective surface area between the plates. Using this method,

such air-insulated rotary capacitors could produce capacitance

variations from a few pF to a few hundred pF [1][2].

The capacitance variation in a variable capacitor through an

oscillator or filter in a circuit was an important means of

determining frequency [3]. Nowadays, these components are

much less important, but they can still be found in very large

numbers and can be easily removed from older equipment

[4][5].

The photo of the rotating capacitor shown in Fig.1 is a three-

cell, 3x330pF capacitor. Other insulated rotary capacitors have

been used, but are irrelevant for the present application.

II. CAPACITOR AS GAS SENSOR

We know from the theory of electricity that the capacitance

of a planar capacitor depends on distant of plate (d), the

surface of the plates facing each other (A) and the dielectric

between the capacitor plates (ε0εr), where ε0 is permittivity of

vacuum, εr relative value specific to the material; so C = ε0εr
A
d

[6][7][8].

When using such an air-insulated rotary condenser, changes

in the air composition of this device are naturally associated

with changes in capacitance. In this case, the relative change

in the epsialon derived from the relationship will give a

different value from the air or vacuum permittivity. Since such

a capacitor is in contact with air or gas over a fairly large

surface area, its capacitance can be greatly influenced for a

Fig. 1. Three-cell variable capacitor. The capacitance per cell is 330pF.
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Fig. 2. Interpretation of rotary capacitor stator and rotor plates and derivation
of useful surface area.

given rotor position (best when fully rotated).

Fig. 2 shows a simplified model of the capacitor. The stator

(Cs) and rotor (Cr) plates are shown separately. The effective

surface area of the plates is marked with Au [9]. The distance

between the stator plates is denoted by dp, while the thickness

of the rotor plates is denoted by dw. Thus, the capacitance of

the plate capacitor can be calculated using Equation 1.

Cv = ncε0εr

2Au

dw −dd

, (1)

where; nc the number of cells, ε0 = 8.854187817 ·10−12 As
V m

.

With the approximate most accurate measurements, the capac-

itance is close to 1nF [10].

From the geometry (Au ≃ 5,6cm2, dp = 0,8mm,dw = 0,6mm)

it is easy to calculate that the volume (Vd) of the dielectric

(air, gas) in the capacitor is about ≃ 40cm3. The volume of

the dielectric between the arms of a capacitor is synonymous

with the sensitivity and speed of the sensor [11][12].

III. ANALOGUE SENSOR CIRCUIT FOR CAPACITANCE

CHANGE

We need a solution where the output signal of the sensor

changes the most with the change in capacitance, the change

in permittivity.

Frequency mixing, or heterodyne, is usually a good answer.

In the commonly used solution shown in Fig.3, the signal
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Fig. 3. Detecting the change in capacitance by changing the difference
frequency between an oscillator and a reference oscillator.

Fig. 4. Digital circuit for frequency or phase difference based capacitance
difference detection.

from a fixed-frequency oscillator ( fq) is mixed with the signal

from the capacitance-dependent (Cv) oscillator ( fc) and the

difference frequency is selected using a low-pass filter ( fout).

So we can formally write; fout = fq − fc [13].

As described in the equation 1, the equation follows 2;.

∆ fc = F(∆Cv), (2)

that is, ∆ fc is some function of ∆Cv), where formally write

(3);

∆Cv =G(∆εr). (3)

To achieve a high sensitivity, even with small changes

in capacitance, a significant frequency difference must be

achieved using relatively high frequency values. The exper-

imental example operated at 10MHz. Also important is the

stability of the reference oscillator, which in practice is quartz-

precision [14][15].

In this case, it is the change in output frequency and its

magnitude that provides information about the change in

capacity [16] [17].

Our ”gas detection” device was tested for CO2 and O3 gases.

The change in capacitance was detectable even for not very

exact measurements, the value was not greater than 0,3% (a

few pF) [18].

IV. DIGITAL SENSOR CIRCUIT FOR CAPACITANCE CHANGE

On Fig. 4 is a circuit solution to detect the change in

capacitance.

Capacitor (C1) at the input of inverter (I2B) is charged with

resistor (R1). When the comparator level is reached, the output

of the inverter goes low and C1 discharges. The frequency can

be determined approximately; f = 1
2πR1C1

. The Q1 is a quartz

oscillator. Its output (Q13) and the output of the oscillator

(I2B4) are connected to the inputs of an exclusion gate (IC1).

An important part of the circuit is C2, which synchronizes the
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Fig. 5. Output signals of the phase change detection circuit (yellow for the
output of the reference oscillator, purple for the output of the RC oscillator,
blue for the output of the EXOR). C1 1nF and fQ1 = 1MHz in the upper
figure, C1 700pF and fQ1 = 6MHz in the lower figure.

I2B oscillator to the quartz oscillator signal [19].

A signal appears at the output of IC1 when a signal change

occurs if there is a phase difference or change in phase

between the output signal of Q1 and the output signal of I2B.

Since the frequency of I2B4 is a function of C1, the output of

IC1 will also be a function of C1 [20].

Fig. 5 shows the typical circuit in Fig. 4 at two capacitance

values. For the experiment, two reference oscillators with

different frequencies and the RC oscillator synchronized to

them were also tested.

V. SPECIFIC APPLICATION, SPECIFIC FIELD

The fashion industry (Fig. 6) can also use the capacitive

principle sensor and its special application as a threshold

switch. The digital circuit shown in the figure can be used for

this purpose. In this case, the output of the sensor is not the

magnitude of the change in capacitance, but its state relative

to a threshold value. In this case, this could mean a change in

the position of a bodily surface (palm movement) [21]. In this

case, a certain response can be given within the limits of the

designer’s imagination. Different lighting effects are shown in

the figure [22].

The ”closing in” of the environment in active clothing can be

perspective. In this case, the wearer can expect reactions that

depend on the social environment. The correlation between

carbon dioxide-rich air and room occupancy warrants further

investigation [23].

This application - by nature - requires a different capacitor

design [24]. A sandwich structure capacitor (Fig.2) strapped

with a porous material (special polymer) could be a perspective

[25].

Also in perspective is the capacitance retrieval technique,

Fig. 6. Interactive fashion products on the actuator side. Color LEDs as
indicators of the wearer’s ”emotion”.

where the digital input circuit of a microcontroller is measured

with an internal TIMER peripheral to measure the time-delay

variation [26][27].

VI. CONCLUSIONS

With this article, we wanted to present a re-use of an

existing device that can be used with some ingenuity and

care. To this end, we have proposed two processing circuit

techniques, with the proviso that a conventional technique

using cap-sense can also be used if sufficiently sensitive.

The capacitance-change detection circuit as a method predicts

a new field of application in the context of interactive

clothing.

All the areas highlighted in this paper are the beginning of a

specific field that will require further research, often under

laboratory conditions.
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Method with the Thermosensing. 12th International Symposium on
Applied Informatics and Related Areas: AIS 2017, Óbuda University:
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