I/IH(i)OpMaI.II/IOHHO'I/BMepHTeJ'ILHLIC 1 ynpaBJIIOIINE CUCTEMbBI

YK 621.38 https://doi.org/10.26160/2541-8637-2026217-221

A SPIRAL CAPACITIVE SENSOR FOR ROBOTIC FINGER TACTILE
FEEDBACK AND FUTURE LOW-COST INTRAOCULAR PRESSURE
MONITORING

Nguyen Dac Hai, Le Manh Long, Tran Van Tung
Hanoi University of Industry, Ha Noi, Viet Nam

Keywords. pressure sensors, capacitance sensor, tactiledeledrobotic finger, intraocular pressure,
coplanar electrodes.

Abstract. This paper presents the research, design, andasiomuof a coplanar capacitive pressure
sensor for robotic finger tactile sensing duringesbmanipulation. The proposed sensor is capable o
detecting applied forces up to 1 N. As the forageases from 0 N to 1 N, the sensor's capacitance
shifts from O fF to 112 fF. The sensor performamees investigated using ANSYS Maxwell in
conjunction with ANSYS Mechanical. Simulation rdsulemonstrate a clear capacitance variation in
response to the applied force. This sensor camtegrated into industrial applications to measure
contact pressure in robotic fingers, enhancing tiaetile sensing capabilities during grasping sask

CIIUPAJIBHBIN EMKOCTHBIN JATUYHUK 1JIS1 TAKTHUJIBHOM
OBPATHOM CBSI3U HA KOHYUKAX IAJIBIIEB POBOTA B
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BHYTPHUI'JIASHOI'O JABJIEHUS
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KiroueBble cjoBa: [aTYuMKW JaBJICHHUSA, EMKOCTHOW JaT4MK, TaKTWIbHas oOpaTHas CBs3b,
POOOTU3NPOBAHHBIN IMajell, BHYTPUTJIA3HOE JaBlICHHE, KOTUIAHAPHBIC JICKTPOIBI.

AHHoTaumsA. B nanHOW cTaTtbe mpencTaBieHBbl PE3yJbTAaThl MCCIECJOBAHUS, MPOCKTHUPOBAHUS U
MO/JICIIMPOBAHUS KOIJIAHAPHOTO €MKOCTHOTO JIaTYMKA AaBJICHHS, TPEIHA3HAYCHHOTO JUIsl TAKTHIIBHOTO
BOCTIPUATHS POOOTU3UPOBAHHBIMH MaJbI[aAMU MPU MaHUIYJIMPOBAHUU OO0BEeKTaMu. lIpennoeHHbIH
JaTYHK CIIOCOOeH oOHapykuBaTh NpuioxeHHbie cuitbl 10 1 H. [1pu yBenumaennn cunsl ot OH 1o 1 H
eMKOCTh JlaTunKka u3Mensercs B auana3one ot 0 ¢@ no 112 ¢d. Paboune XxapakTeprCTUKU JaTUNKA
OBUTH HCCIIEZ0BaHbl C HCIOJb30BaHKeM mporpaMMmHbIXx cpeactB ANSYS Maxwell B couerannu ¢
ANSYS MechanicalPe3ynbTaTel MOIETUPOBAHUS IEMOHCTPHPYIOT OTYETIIMBOE U3MEHEHUE EMKOCTH
B OTBET Ha NPWIOKCHHYIO CHIy. Pa3paOoTaHHBI HaT4MK MOKET OBITh HWHTETPUPOBAaH B
MIPOMBIIIICHHBIE POOOTOTEXHUYECKHUE CUCTEMBI JJIsi U3MEPEHUS KOHTAKTHOTO JaBJICHUS HA KOHYMKAX
POOOTU3NPOBAHHBIX MAJBIIEB, PACIIUPSS KX BO3MOKHOCTH TAKTHJILHOTO BOCIIPUSTHS MIPU BHITIOJTHEHUN
3ajJa4 3aXBara.

1. Introduction

Measurement of force or pressure is a criticalui@atn numerous applications,
including robotic manipulation [1, 2], surgical opgons [2, 3], breast cancer
identification [4], and various other fields. Thesensors operate based on different
physical principles, such as piezoresistivity, cpace, and diffraction, with resistive
and capacitive sensors being the most widely uSagacitive sensors are extensively
employed in sensing technology as well as in thewufeturing and automotive
industries. Unlike resistive sensors, they exhibiver sensitivity to temperature
fluctuations and thermal noise. Today, capacitmesgure sensors are utilized in diverse
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areas, ranging from biology for measuring intraacylressure [5] to cardiovascular
treatments, such as continuous monitoring of veutr pressure [6]. Furthermore,
micro-capacitive pressure sensors can be embeddedcuff electrodes for in-situ
monitoring of the interface pressure between th@amted cuff and neural tissue [7].

In this study, a coplanar capacitive force sensqroposed, designed with full
biocompatibility for industrial environments. Thensor is capable of measuring contact
pressure for robotic finger tactile sensing durgrgsping tasks. Its specific geometry
enhances sensitivity toward force applied in aipadr direction. The sensor surface is
fabricated on a 17{im flexible polyimide substrate. When force is apglithe surface
deforms, altering the distance between the eleetrodnd inducing a change in
capacitance. This research offers a cost-effesthation for polymer-based capacitive
force sensors.

2. Theoretical Framework and Sensor Design

The coplanar capacitor is designed with a width, height b), and electrode
spacing @), as illustrated in Figure 1. In the current cgofation, the sensor is designed
for single-sided sensitivity. This is achieved bgging an electrode plate at the bottom
and connecting it to the ground (Fig. 2).

w d
Metal = _! I = : h Metal h
Substrate Cp Substrate
Metal

Fig. 2. Coplanar sensor model featuring a

Fig. 1. Coplanar sensor architecture grounded plai

As shown in Figure 2, the grounded bottom platéhia coplanar configuration
causes the electric field lines to be denser atapeThis results in decreased sensitivity
on the underside, achieving single-sided detecAmpiral configuration was adopted to
maximize the active sensing surface, as illustratédgure 3.

Spiral electrodes

Patch contacts

@

Fig. 3. Spiral capacitive sensor model (each tdith@ spiral consists of two semicircles)
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Fig. 4. Detailed geometry of the sensor

Tab. 1. Geometric dimensions and material spetibioa of the proposed sensor
Poly-vinyl Ethylene
Component w d D s | Polyimide| siloxane | vinyl acetate
(PVS] (EVA)

Value 0.203| 0.1778| 8.5 | 0.2 25 um > mm 3 mm
mm mm | mm | mm

The sensor is modeled as a number of concentriglannngs:N1 annular rings
are charged to the same potential to form onereldet while the othelN2 rings form
the other electrode with opposite charges. Forsghieal configuration, the sensor is
actually formed by two groups of concentric senmaar rings with differens values
(R1 andR?2) but identicalw andd (see Figures 3 and 4). The capacita@gg of the
concentric sensor is a linear functionsdbr fixed d andw, i.e.,Ceon = kS, wherek is a
slope coefficient determined solely by the progsrof the test material. Therefore, the
capacitance of the spiral sensor can be expressedi@vs [8]:

1 1 1 1 +
Cspiral :ECconl +Eccon2 :_2k51+_2k52: k 2 232 . (1)
In other words, a spiral turn formed by two conseeusemicircles can be modeled

equivalently withs= (s +s+1) / 2.

3. Simulations and Discussion

The sensor's operation was investigated using ANSX¥&well simulation
software in conjunction with ANSYS Mechanical. Tiesults from this simulation were
imported into ANSYS Mechanical as force densityd amechanical deformation was
simulated by applying an inclined force to the foate. The mechanically deformed
structure was then imported back into ANSYS Maxwellcalculate the differential
capacitance values.

The sensor model consists of a copper spiral seii$e@r signals from the two
electrodes of the sensor are fed into a signalgssing unit to obtain the output (output
voltage), which is then sent to a data acquisiind storage system (Fig. 5).

In Figure 6 the simulation results show that asaghi@ied force on the sensor varies
from O N to 1 N, the output differential capacitarahanges from O pF to 0.112 pF. The
output capacitance of the sensor varies dependinth® applied force with a linear
correlation coefficient oR? = 0,963.
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Fig. 5. Block diagram of the sensor signal processi
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Fig. 6. Dependence of sensor capacitance on tHedgprce

4. Conclusions

A capacitive pressure sensor has been designedsiandated, with results
evaluated under a maximum applied force of 1 N. fOuts specific geometry, the sensor
Is primarily sensitive to unidirectional excitati@nd can also function as a position
sensor, where the maximum capacitance change vaft&e to the distance from the
spiral center. Under an applied force of 1 N, thieser exhibits capacitance variations
with high repeatability and low hysteresis, achigva sensitivity of 112 fF/N. Given this
performance, the sensor is well-suited for appbeetin robotic tactile sensing for object
manipulation. In future research, the authors airscale down the sensor dimensions to
the micrometer range to investigate its potentalldw-cost intraocular pressure (IOP)
monitoring.
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