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ABSTRACT

Introduction. The article explores the possibility of utilizing a touch-sensitive button for
the identification of two types of signals — a button press signal and a finger swipe signal
across the button. This concept has the potential to revolutionize the way we interact with
electronic devices, making them more intuitive and user-friendly. The ability to detect
different types of gestures using a single button can also lead to a more compact and cost-
effective design.

Materials and Methods. To address the classification task, an algorithm has been
proposed for the identification of signal characteristics upon which recognition will be
conducted. The algorithm is based on a neural network architecture, which is trained on a
dataset of signals collected from a touch-sensitive button. The dataset includes a variety of
signals, each corresponding to a specific gesture, such as a button press or a swipe in
different directions. The neural network is designed to learn the patterns and characteristics
of the signals, allowing it to accurately classify new, unseen signals. The algorithm is
optimized to minimize processing time and computational resources, making it suitable for
real-time applications.

Results. Using neural networks to solve the recognition task allows for the easy
determination of optimal classification algorithm parameters for a specific type of touch
button. The results show that the proposed algorithm achieves high accuracy in identifying
two types of gestures, with a minimal error rate.

Conclusions. The proposed classification algorithm exhibits satisfactory accuracy in
identifying the two signals within a minimal timeframe and requires minimal computational
resources. Therefore, it can be employed cost-effectively to enhance the functionality of
touch panels. The algorithm's ability to detect gestures using a single button makes it an
attractive solution for applications where space is limited, such as in wearable devices or
mobile phones. Additionally, the algorithm's low computational requirements make it suitable
for use in low-power devices, such as those powered by batteries or energy harvesting
systems. Future work can focus on improving the algorithm's accuracy and robustness, as
well as exploring its application in different domains.
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INTRODUCTION

Using gestures is one of the most convenient ways of interaction with gadgets.
Therefore, gesture real time detection has many applications [1-6], including gaming, virtual
reality, and smart home devices. The ability to detect gestures in real-time enables users
to interact with devices in a more natural and intuitive way, enhancing the overall user
experience.

Development of structures and algorithms of such gadgets combined with the
advantages of microcontrollers Infineon Technologies [7] and neural networks shall allow
realizing simple, cheap, effective, and reliable gadgets. The integration of Infineon's
microcontrollers with neural networks can provide a powerful platform for gesture detection,
enabling the development of a wide range of innovative applications.

The use of neural networks can improve the accuracy and robustness of gesture
detection, while Infineon's microcontrollers can provide the necessary processing power
and low power consumption. This combination can enable the creation of gesture-based
devices that are not only effective but also energy-efficient and cost-effective.

MATERIALS AND METHODS

Figure 1 shows a panel prototype with three buttons. Only signal from one of them
(middle button) was used for the algorithm development. A button press is identified as a
certain command.

An algorithm shall be developed to differentiate the two types of signal:

1. The sensor signal resulted from a button press (Touch).
2. The sensor signal resulted from a finger swiping on the button surface (Swipe).

To correctly classify signals, signal attributes are required. Figure 2a and 2b shows
pairs of real-signals examples that differ visually while Fig. 2c and 2d — similar examples
that can hardly be differed visually.

The requirements to the identification system productivity: the classification shall be
executed immediately after the signal start and ensure the algorithm high efficiency.
Therefore, for example, the signal spectrum analysis cannot be used due to its inherent
features:
¢ the need to process the entire signal (from start to end);
¢ significant amount of processing time;
¢ significant amount of calculation resources for the transition to the frequency domain.

So, simple attributes are required. Neither the signal level nor its duration is applicable.
They may change in a wide range for both signal types. Only the signal shape is applicable.

Lee

Fig. 1. PSoC 4000S Prototyping Board
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Fig. 2. Real signals: long touch (a); slow right to left swipe (b); short touch (c) and regular right to left swipe (d).
Signals are depicted by blue lines, whereas device-identified results — by green lines.

Touch-type signal is close to the N-shaped in most cases. Swipe-type signal is more similar
to the Gauss function.

Unfortunately, short-duration signals in fact cannot be differentiated even visually (Fig.
2c and 2d). This leads to the consideration that any identification algorithm will not yield a
100% correct result. In such cases, the classification issue can be resolved with the neural
network solution.

Similar to any classification algorithms, the neural network approach requires the
selection of the classification attributes. As mentioned above, most signals can be
differentiated based on their shape and the signal derivative depends significantly on the
shape (see Figures 3, 4). Therefore, the analysis of the signal shape transits to the analysis
of values of the signal derivative, where the derivative is the time function.
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Fig. 3. Long touch signals. Blue line — real signal, green line — signal derivative.

EnekTtpoHika Ta iHpopmauinHi TexHonorii « 2025 « Bunyck 29 31



Oleksandr Karpin, Zinovii Liubun, Vasyl Mandziy et al.

1501

1001

50

level

1000 1100 1300
time
Fig. 4. Regular left to right swipe signals. Blue line — real signal, green line — signal derivative.

The lM-shaped signal may appear suddenly between two peaks determined by the
edges of the time interval signal for which the derivative is close to zero. For the Swipe type
of signal, such an interval is either absent or minimal. This difference can be used as one
of the attributes for the classification. Another attribute can be the speed of the increasing
of the leading-edge signal. In many cases, this speed is significantly bigger for the Touch
type signal than for the Swipe type signal. Therefore, the maximal value of the derivative
on the leading-edge signal can be taken as the second attribute.

RESULTS AND DISCUSSION

The two attributes are selected for the classification:
1. The maximal value of the derivative on the leading-edge signal.
2. The number of zeros on the signal top.

Figure 5 shows the flowchart for signal attributes determination.

To make the algorithm work, the two constants are required: the signal minimal level,
the maximal value of the signal derivative, where the derivative shall be equal to zero.

Figure 6a demonstrates the results obtained by the program for button press (Touch
signal). Figure 6b — same results for button surface (Swipe signal). Figure 6 confirms that
the attributes values are different. On the other hand, there is a significant overlapped area
(see Fig. 7).

Xe > Yes»- Yes» el Yes
di = Xk - Xk-1 v

No=0

Na=0
idx=0 Yes No
Max =0 /\
Mas0; = No
Mas.Ma.Xj = e <No Yes> No= No+1
j=i+l
Na=0

Fig. 5. Algorithm for determination of signal attributes.
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Fig. 6. Signals attributes values for Touch signal (a) and Swipe signal (b).
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Fig. 7. Normalized attributes values for two types of signals: green dots — Swipe, red dots — Touch.

Due to the difficulty of the signal’'s boundary determination, as the solution for the
classification task, it was selected the forward propagation two-layer neural network with
the sigmoidal function of activation, which structure is depicted on the Fig. 8.
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Fig. 8. Neural network structure.
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Before the neural network training, the input vectors were normalized. The number of
neurons in the input layer shall determine the accuracy of reproducing the boundary

between the two sets. To assess the quality of the classification, the error coefficient K was
used:

K= (Estipe + ERtouch)/an1 1)

where:
ERsyipe is the number of incorrectly determined signals of the Swipe type;

ER;ouch — the number of incorrectly determined signals of the Touch type;

Nyp — the summative number of signals.

Table 1 contains the results of the classification with different quantities of neurons in
the input layer.

The further increase of the number of neurons in the input layer shall not yield better
results because the boundary between the two types of signals is blurry. The only way to
improve the classification accuracy is to increase the number of the classification attributes.
The selected here attributes worked the best. Whereas, additional attributes, for example,
the signal amplitude value did not show significant improvement.

Table 1. Results of the classification with different quantities of neurons in the
input layer

Number of neurons in the input layer Error coefficient (%)
8.2-9.0
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6.3
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Figure 9 shows the offset limit of the signals obtained by the trained neural network
with six neurons in the input layer.
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Fig. 9. Boundary between the signals (green dots — Swipe signal, red dots — Touch signal).

The further increase of the number of neurons in the input layer shall not yield better
results because the boundary between the two types of signals is blurry. The only way to
improve the classification accuracy is to increase the number of the classification attributes.
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The selected here attributes worked the best. Whereas, additional attributes, for example,
the signal amplitude value did not show significant improvement.

CONCLUSION

Based on obtained results, we have concluded that the proposed classification
algorithm yields quite good accuracy while executing the identification of two signals in the
minimal time period and requires minimal calculation resources, so, can be used with
minimal cost for the quality enhancement of the sensor panels.
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AHANI3 YOOCKOHANEHHA TAKTUNBbHOIO IHTEP®ENCY OOTUKY
CEHCOPHOI NAHENI

OnekcaHdp Kapnin®?, 3inoeili JTlo6yHb!, Bacuns MaHd3ii’?,
Onez Tepewyk', Hecmop Nouiti*?

1 Kagpedpa padioghiauku ma Komn’romepHUX mexHosnoziti

Kagpedpa ceHcopHOI ma HanigrnpogiOHUKOBOI efleKMPOHIKU,
Jlbgigcbkuli HayioHanbHUl yHiesepcumem imeHi lIeaHa ®paHka

eyn. TapHascbko2o, 107, M. flbeis, 79017, YkpaiHa

2 IHpiHeoH TexHonodxic, Jbeie, YkpaiHa

8yn. JlyeaHcbka 20, m. Jibeie, 79048, YkpaiHa

3 Kagbedpa iHghopmauiliHux mexHomnoeili ma cucmem enieKmpoHHUX KOMYHiKauit
JIbsiscbkuli depxasHuli yHisepcumem 6e3neku xummeoisibHoCMi
syn. Knenapiecbka 35, m.JIbsie, 79007, YkpaiHa

AHOTALIA

Bectyn. B cratTi po3rnsiHyTO MOXMBICTb BUKOPUCTaAHHS CEHCOPHOI KHOMKW Ang
ineHTudikalii ABOX TUMIB CUrHaniB — CUrHany Bi4 HATUCKaHHA KHOMKW Ta curHany Big
NpoBeAEeHHS MNanbLem no KHonui. Lla koHuenuis mae noteHuian KapauHanbHO 3MIiHWUTK
cnocié B3aemopfii 3 EeneKkTPOHHUMWU MNPUCTPOAMK, 3pobuBLIM  iX Binbl  iHTYITUBHO
3pO3yMINMMK Ta 3pYyYHUMU Onsi KOPUCTyBaya. 34aTHICTb BUSBASATU PidHi TUNK XXecCTiB 3a
[OMOMOrOK OAHIET KHOMKM TakoX MOXe Npu3BecTU A0 Ginbll KOMMAKTHONO Ta EKOHOMIYHO
edeKTMBHOIO An3anHy.

MaTtepianu Ta MeToau. [1nsa BupilueHHNA 3agadi knacudikadii 3anponoHoBaHO anropuTm
BM3HA4YeHHS 03HaK CUrHaniB Ha OCHOBI SkuX Byae NpoBOAUTUCH PO3Mi3HABAHHS. ANropuUTM
6a3yeTbCcA Ha BUKOPUCTaHHI HEMPOHHOT MepeXi, Aka HaBYaeTbCA Ha Habopi 4aHWX curHanis,
3ibpaHux i3 ceHcopHOI kHoMkK. Habip gaHWX MICTUTb Pi3HOMAaHITHI CUrHanm, KOXeH 3 sIKUX
BiANOBiAAe NEBHOMY XECTy, HaNpuKnag HaTUCKaHHSA KHOMKM abo NpoBedeHHs nanbuem y
pi3HMX HanpsimMkax. HenpoHHa wMepexa po3pobneHa AN BMBYEHHA LWAOMOHIB i
XapaKTepuCTUK CUrHasiB, WO AO3BOMSE i TOYHO KnacudikyBaTh HOBI, HEBIQOMI curHanu.
AnroputTmM onNTUMI30BaHO ANA MiHiMi3auii yacy 06pobkm Ta 0BuMCnoBanbLHUX pecypceis, LUO
pobuTb MOro NpyaaTHUM NS AETEKTYBAHHSA XECTIB B PEXMMI peanbHOro 4yacy.

PesynbTtatu. BukopuctaHHa HeWpomepexx ANs BUPILLEHHs 3ajadi po3ni3HaBaHHS
[03BONSE nerko BW3HAYMTU ONTMManbHi napameTpu anroputMmy Knacudikauii  ans
KOHKPETHOrOo TUMY CEHCOPHOI KHOMKW. PesynbTaTu nokasykTb, WO 3anpornoHOBaHWUM
anropuTm 3abe3neyvye BMCOKY TOYHICTb iAeHTMdiKauil ABOX TWMNIB XECTiB 3 MiHiManbHO
KifIbKICTIO MOMMITOK.

BucHoBkuW. 3anponoHoBaHWi anropuTM knacudikauii 4ae gocutb Aobpy TOYHICTE Npu
BMKOHaHHI igeHTudikauii OBOX CurHaniB 3a MiHiManbHUA MPOMIKOK 4Yacy Ta BMMarae
MiHiIManbHNX o64YnCNoBanbHMX pecypciB. Takum YMHOM, BiH MOXe OyTn BMKOpUCTaHUA 3
MiHIManbHUMK BUTpatamn Ans  36inbleHHA  (YHKLIOHANbHOCTI CEHCOPHUX MNaHenen.
3paTHICTb anroputMmy BUSIBMISITU XECTW 3a [JOMOMOrol OAHiel KHOMKM pobuTb 1oro
nNp1BabnMBUM pilLEHHSIM ANst AoAaTKIB, e NPOCTip 0OMeXeHWI, Hanpuknag, Y NepeHoCHNX
npuctposix abo MobGinbHMX TenegoHax. KpiM Toro, HM3bki obuucrnioBarnbHi BUMOrU
anropuTMy pobnaTb MOro NpuaaTtHUM AN BUKOPWUCTAHHS B MaronoTy>XHUX MPUCTPOSIX,
Hanpuknag Tux, Wo XuenaTbcsa Big 6atapei. MaibyTHa poboTta moxe ByTn 3ocepemxeHa
Ha nOKpalleHHi TOYHOCTI Ta CTIMKOCTI anroputMy, a TakoX Ha [JOChifXeHHi 1noro
3acTOCyBaHHSA B pi3HUX obracTsax.

Knro4oei crioea: EMHiCHWMIA ceHcop, NPodinb curHany, iHaukadis, HeMpoHHa Mepexa.
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