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Problem statement. Facial nerve damage is the cranial nervous system disorder often leading to facial
muscle paralysis, which might be effectively restored using functional electrical stimulation of the fully or
partially denervated circular muscle of the eye to achieve muscle contraction to close the eyelids. To control
the invasive stimulation system, the automated detection of the blink event in the intact eye is used as a
trigger. To achieve this, the new approach to single channel invasive electromyogram (EMG) signal analysis
is proposed. Materials and Methods. The combined time-spectral approach to blink detection consists
of the two stages, starting from the thresholding of filtered EMG signals in the sliding window, which is
followed by comparing the total spectral power in the Fourier domain to minimum and maximum thresholds.
If both conditions are met, the EMG in the current window is considered to contain the blink event. In the
experiment, the EMG data recorded from the one male adult healthy volunteer is used, the signal contained
an acceptable amount of artefacts and was recognized as reflecting the usual EMG. The true positive rate
(TPR), positive predictive value (PPV), False Discovery Rate (FDR), and False Negative Rate (FNR) is used
as a performance metrics. Results. In the result of applying the proposed blink detection algorithm with
500 ms duration of the time window and 100 ms overlap, the following performance metrics are obtained:
TPR =93%, PPV =63%, FDR = 7%, FNR = 37%. Impact. Acceptable true positive rate of blink detection
suggests the method is promising for wider applications in the clinical settings and might be incorporated
in the prototypes of implanted systems for facial muscle paralysis restoration using functional electrical

stimulation for further development.
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Introduction

Facial nerve (FN) damage is one of the most
common disorders of the cranial nervous system, which
often leads to facial muscle paralysis [1, 2]. The
consequence is inability to close the eye, resulting in
corneal atrophy and vision loss. This often cannot be
effectively restored with surgical interventions, neither
with mechanical springs, weight of the upper eyelid
increase, muscle transpositions. In several studies [3-6],
the usability of functional electrical stimulation (FES)
of the fully or partially denervated circular muscle of
the eye (CMO) to achieve near-physiological muscle
contraction is proposed [7,8] as an promising alternati-
ve possibility of closing the eyelids.

To drive the automated implantable system for
CMO stimulation, the blink in the intact eye is used as
a trigger. To that aim, the closed-loop system should
continuously monitor the neural or myographic acti-
vity on the undamaged side, and in case of blink
event it should be detected and the appropriate control
signal is to be sent to trigger the CMO stimulation

for eye closure on the damaged side. To implement
this operation, the electromyogram (EMG) signal from
either the implanted or surface electrode should be
measured and continuously processed in near-to-real
time with blink detection algorithm.

The real-time algorithms for blink detection are not
well developed at the moment. In the work [9] the
simple peak detection is applied to the EMG signal,
and the increasing of the static threshold serves as a
trigger for the stimulation, which is very prone to false
triggering due to noise and artefacts. No metrics of
the algorithm performance are reported. In [10], the
multichannel surface EMG is analyzed with a custom
amplitude-based or slope-based suprathreshold acti-
vity detector, applied to each channel independently.
Despite promising, the direct application to the single-
channel EMG from implanted electrodes is not strai-
ghtforward. Combination of the time-domain EMG
amplitude analysiswith the spectral-domain power
analysis in the predefined frequency range is proposed
in [11] using the constant thresholds, demonstrating
the acceptable performance in the implantable system.
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Parallel to the methods relied solely on the invasi-
ve EMG, there are other approaches to eyeblink
detection, such as based on combined analysis of
electroencephalogram (EEG) and electrooculogram
(EOG) for assistive communication tools [12], for
controlling the wheelchair [13], and driver drowsiness
detection [14]. Despite quite elaborated algorithms
which are proposed therein, they do use surface signals
for blink detection, which are not directly transferrable
to invasive EMG due to different signal properties.

In our work, the combined time-spectral approach
to blink events finding in single-channel invasive EMG
is further developed, and the new method for blink
detection is proposed and tested on recordings from
healthy human subject.

1 Materials and Methods

1.1 Experimental data

In the experiment, the EMG data is recorded from
the one male adult healthy volunteer (23 y.0.) in the
Institute of Neurosurgery of Ukraine. The sampling
frequency is 20kHz; EMG spectral range from 0 to
300 Hz was selected for further analysis. In total, ~15
minutes of EMG was recorded, the signal contained
an acceptable amount of artefacts and was recogni-
sed as reflecting the usual EMG. Before applying
the proposed algorithm, EMG was filtered with 5th
order Butterworth high-pass filter with 3Hz cut-off
frequency.

1.2 Method for blink detection

The combined time-spectral approach is grounded
in the proposed algorithm for blink detection. The
algorithm is presented in Fig. 1. First, the current time
window ¢ is selected in the filtered EMG signal z;[n] of
N samples length. Standard deviation of the EMG is
calculated as

N

STD = % Z (xl[n]

n=1

—:vi[n])27

where x;[n] is the mean value of the EMG in the current
window. Then it is compared to the threshold ST Dyy,.

If the standard deviation of the EMG in the current
window is over the threshold, then the power spectral
density PSD is calculated for the window . Then, the
total power is calculated and tested if it fits between
two thresholds: minimum total power (SPip, j0) and
maximum (SP;p nign). If both conditions are satisfi-
ed, then the blink is detected. This event will trigger
the system to generate stimulation pulses. If either
standard deviation is lower than the threshold (due
to absence of the excessive activity with respect to
background), or the spectral power is larger (e.g. due
to artefacts) or lower (due to less powerful events than

blinks), then the blink is absent in the current time
window, and the next time window is being analyzed.

Since we adopt the subject-specific approach, the
thresholds were experimentally tuned to reach the best
performance. Three thresholds are to be empirically
optimized in the laboratory settings to yield the highest
performance of the implantable device for each parti-
cular subject. In clinical applications they should either
be computed from population studies, or adaptively
selected for each subject in the patient-specific settings.
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Fig. 1. Proposed algorithm for blink detection
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To evaluate the performance of the proposed algo-
rithm in the experiment, true positive rate (TPR)
and positive predictive value (PPV) were used. True
positive rate (Sensitivity) is the ratio of correctly
identified blink to all blinks presented in the EMG.
Positive predictive value is the ratio of correctly identi-
fied blinks to all signal fragments identified as blinks
(both correctly and incorrectly). Based on these two
metrics, False Discovery Rate (FDR) is calculated as
1-PPV, and False Negative Rate (FNR) is calculated
as 1-TPR, to additionally describe the performance of
the algorithm.

2 Results

The example of the EMG signal with marked blink
events is presented in Fig. 2. A typical blink lasts
approximately 300 ms, so 500 ms duration of the time
window is selected with 100 ms overlap.

In the result of applying the proposed blink detecti-
on algorithm, the performance metrics are obtained for
a range of the algorithm thresholds. After tuning the
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Fig. 2. Example of the EMG signal with marked events of the blinks (stems with red squares) and results of
the blink detection using the proposed algorithms (stems with green stars) [12]

algorithm parameters, the following best metrics are
obtained (see Table 1).

Table 1 Blink detection performance metrics

Metric Value, %
True positive rate (TPR) 93
Positive predictive value (PPV) 63
False discovery rate (FDR) 37
False negative rate (FNR) 7

True positive rate is acceptable and false discovery
rate of the erroneous blinks is low, which is promising
for real-life applications and natural conditions for tri-
ggering the blinks synchronously for both sides of the
face. At the same time, quite decent positive predictive
value suggests that there is the room for improvement
of the algorithm. First of all, more experimental data
is required to understand the approach to selection of
thresholds both in time and spectral domains. Also, the
preprocessing of EMG signal will potentially improve
the blink detection quality by removing the artefacts
(such as head movement, chewing, swallowing, etc.)

Conclusions and Outlook

The new method for detecting the blinks in single-
channel EMG is proposed, based on the combined
time and frequency domain thresholding approaches.
Its application on the EMG collected from the human
subject is presented, resulting in an acceptable true
positive rate of detection, which is promising for wider
applications in the clinical settings.

The method was tested in one single subject due to
the limitations in the collection of clinical data, hence
this work should be considered as a feasibility study,
which prepares the road to wider studies with recrui-
ting more participants. Nevertheless, current results
could be considered as encouraging: the proposed

algorithm is able to detect the eye blinks in close-to-real
settings with acceptable accuracy.

On the other hand, our current idea is the patient-
specific settings, where the parameters of the algorithm
are tuned manually by trials and errors for each user.
The main reason for this is highly variable appearance
of the signals from circular muscle of the eye, which
depends both on the implanted electrode position-
ing and the anatomy of the face muscles. In favor
of the current experiment setup with subject-specific
algorithm parameter tuning speaks the fact that in
implantable systems all parameters are being tuned
for each user. Hence the future system should be fine-
tuned for each subject, and the current findings are the
example of its possibility. From the clinical perspecti-
ve, such tuning of the parameters is acceptable, since
in practice parameters of the implantable devices are
selected for each user by the team of medical doctors
and engineers.

In future, after the substantial database of the
annotated signals is collected, we will work on the non-
subject specific algorithms, if we can catch the common
patterns in invasive EMG@G, including those based on the
machine learning.
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Metona nerekIiii MOpraHHd B OJTHOKa-
HAJIbHOMY CHUTHAaJi iHBa3WBHOI €JIEKTPO-
miorpamMm

Bobpos A. JI., Bopucenxo O. M., ITonos A. O.

TTomkomxents: TUIHOBOTO HEPBA - TI€ PO3JIAT YePETHOL
HEPBOBOI cuCTeMH, AKUU 9aCTO HPU3BOAUTH [0 IIAPAJILY
M's13iB O0MTIHs, KA MOXKHA e(deKTHBHO BiJHOBATH 3a
JOMTOMOTO0I0 (DYHKITIOHAJIHHOI €/IeKTPUIHOI CTUMYJIATIT TTOB-
HicTIO a0 YaCTKOBO JEHEPBOBAHOTO KPYTOBOTO M’sI3a OKa,
mo6 JIOCATTH CKOPOYEHHsS M’si3iB JI/Isi 3aKPUTTS IOBIKM.
Jlist ypaB/iHHS CHCTEMOIO iHBA3WMBHOI CTUMYJIAII] B SKO-
CTi MyCKOBOTO MEXaHi3My BUKOPHCTOBYETHCS aBTOMATHIHE
BUABJICHHE IIOAIl MODPraHHA B HEYIIKOMXKeHOMy omi. Jlas
HOr0 B POOOTI 3aIIPOIOHOBAHO HOBHUH IMAXis 710 aHaJIi-
3y OJHOKAHAJIBLHOTO CUTHAIY IHBA3WBHOI €JIEKTPOMiOTpamMu
(EMD).

KombinoBanuii 4acOBO-CIIEKTPAJIbHUN MIAX1/1 /10 BAAB-
JIGHHSI MOPTAHHS CKJIQIA€THCS 3 JBOX €TAIlB, IIOYMHAIOYTH 3
TOpiBHAHHS 3 mOoporoM BimdinsrpoBanux EMI'-curnasnis y
KOB3HOMY BiKHI, 32 KM CJIi/1y€ IOPIBHSIHHS 3arajIbHOI CIe-
KTpajbHOI moTykHOCTI B 0bsacti Pyp’e 3 MiniMasbHIM TA
MaKCUMAJIbHUM TTOPOraMu. SIKIO0 BUKOHYIOTHCS JIBI yMOBH,
BBakaeThea, mo EMI' y moTounoMy BikHI MiCTUTBH TI0Jif0
MOpPTaHHSI.

B ekcnepumenti BukopucroByorbea mami EMIY 3a-
OuCcaHi BiT OHOTO JIOPOCJIOTO 3J0POBOTO  HYOJIOBiKa-
I0OPOBOJIBbITS; CHUTHAJT MICTUB TPUMHSATHY KIiIbKICTH ap-
redakTiB 1 Bu3HAHMII TAakuM, OO0 BimoOpakae 3BUYANHY
EMI. Yyrnusicrs (TPR), nosurusHe npOrHo3He 3HAUEH-
s (PPV), koedinjent nomunkosoro susBienss (FDR) ra
xubno-gerarusuuii koediuienr (FNR) BukopucroByiorscs
SIK TIOKA3HUKY €()eKTUBHOCTI.

B pesynbrari 3acTocyBaHHA 3aIIPOIIOHOBAHOIO AJIIOPH-
TMy BHUSIBJIEHHSI MOPTaHHS 3 TPHUBAJICTIO YaCOBOTO BIKHA
500 mc Ta mepekpurTtsaMm 100 Mc oTpmMaHi Taki MMOKA3HU-
ku edexrusnocri: TPR=93%, PPV =63%, FDR="7%,
FNR =37%.

IIpuitanaraa 9y /iMBiCTH BUABIEHHA MOPTAHHS CBiIIUTH
PO Te, 0 MeTOJ € MEePCIeKTUBHUM It OLIBII MIIPOKOTO
3aCTOCYBaHHS B KJIHIYHUX YMOBaxX i MO¥Ke OyTH 3aCTOCO-
BaHUIl y HPOTOTHUIIAX IMIIAHTOBAHUX CHACTEM BiTHOBJICHHS
mapaJiity M’s3iB 00IMTUsS 32 TOTIOMOTO0I0 ()yHKI[OHAILHOT
€JIEKTPUIHOI CTUMYJIATI /TSt X TIOJAJIBIIIOTO PO3BUTKY.

Karowoei caosa: enexrpomiorpadist, mapasid JMIIbOBO-
TO HEPBY, JAETEKTYBAHHS MOPTAHHS

Metoa aerexkiimm MOPraHMS B OJAHOKA-
HAJIbHOM CHUTHAaJIe WHBA3WBHOM 3JIEKTPO-
MHUOTPAMMBI

Bobpos A. JI., Bopucenxo O. H., Ilonos A. A.

IloBpexmenme mMIIEeBOTO HEPBA - 3TO PACCTPONCTBO He-
pemHoil HEePBHOM CHCTEMBI, KOTOPOE€ YacTO HTPUBOIAT K
IapaJinty MBI JIUIA, KOTOPBIH MOXKHO 3¢ deKTuBHO BOC-
CTAHOBUTH C IOMOINBIO (DYHKIMOHAJIHHON JIEKTPUIECKOH
CTHUMYJIAIAYA HOJTHOCTBIO WMJIA YaCTUYHO JeHEePBUPOBAHHOM
KPyTrOBO#l MBIIIIBI 71433, YTOOBI J00UTHCH COKPAIIEHUS
MBIIII 718 3aKPBITHE Beka. Jljma ympasieHus cuCTeMOi
WHBA3UBHOI CTUMY/JIANWH B KadeCTBe IIyCKOBOTO MeXaHU-
3Ma HUCIOJIb3YEeTCS ABTOMATHIeCKOe 0OHAPYKEHNe COOBITH
MOpraH”sl B HENOBPEXKIEHHOM rya3y. as sToro B pabo-
Te IPeJJIOXKeH HOBBIM IOAXO K aHAIU3Y OJHOKAHAIBLHOTO
CUI'HAJIA UHBA3UBHOM 3ekTpomuorpaMmer (IMI).
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KomOuHupoBaHHBIN BpeMeHHO-CIEKTPAIbHBIH IT0X0/] K
BBISIBJIEHUIO MODPTaHWsT COCTOUT W3 JIBYX TAMTOB: CDABHEHUE
¢ noporoMm OTduIbTpoBaHHBIX JMI'-curHaIOB B CKOJIB34-
mieM OKHe, 33 KOTODBIM CJlejayeT CpaBHeHue ofIeil crie-
KTPAJIbHOW MOITHOCTH B 061acTH Pyphe ¢ MUHUMAJIBHBIM 1
MaKCHMaJIbHBIM [TOPOraMu. EC/IU BBIIOJIHSIOTCA TPU YCIIO-
Bug, cuuraercda, dro IMI' B rTekymem okHe comepxkut
COOBITHIE MOPTAHMSI.

B skcmepumente mcnosb3yiorcs manabie DMIY, 3anm-
CaHHBIE OT B3POCJIOrO 30POBOTO MYy ZKYUHBI-I00POBOJIBIA;
CHUTHAJI COMNEpIKAJ TPHUEMJIEMOE KOJIMIEeCTBO apTedakToB
U Tpu3HAH oTpaxkaomuMm ob0braHyio OMI. UyscTBm-
rensrocts (TPR), mosoxkurenbHoe IPOrHO3HOE 3HAYMEHHE
(PPV), xosddunment noxuoro obmapywxenus (FDR) m
JIOKHO-OTpUIATeNbHbI K0dhdumment (FNR) ncmonb3yio-
TCA Kak Immoka3areau 3hdeKTuBHOCTH.

B pesynbrare npuMeHeHUs IIPEJIOKEHHOIO AJITOPH-
T™Ma OOHAPYKEHUST MOPTAHUS C TIPOIO0IKUTEIHHOCTHIO Bpe-
mennoro okua 500 mc m mepekpbiTmeM 100 Mc mosiyde-
HBI caeayomume nokazareau dddexktusnoctn: TPR =93%,
PPV =63%, FDR="7%, FNR = 37%.

IIpuemsiemast 9yBCTBUTETHHOCTH OOHAPYKEHHS MOPTa-
HUsl CBHJIETEJIbCTBYET O TOM, YTO METOJ sBJIAETCH Lep-
CIIEKTUBHBIM 1T 00JI€e MHPOKOTO TTPUMEHEHUsI B KJIMHU-
YeCKUX YCJAOBUAX W MOXKET ObITh MPUMEHEH B IIPOTOTH-
Hax MMIUIAHTUPOBAHHBIX CUCTEM BOCCTAHOBJIEHUS! 11APAJIK-
Y3, MBIIIIII JIVIQ C TOMOIIBIO (DYHKITHOHAIBHON SJIEKTPUIe-
CKOHI CTUMYIAIMA JJId UX [1aIbHEAIIero pa3BuTus.

Kmoueswie caosa: snekrpomuorpadus, mapaidd JIuie-
BOTO HEPBA, JIETEKTUPOBAHNE MOPTAHUS
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