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Real-Time Applications of Invasive Brain-Computer Interfaces

Head of Department of Invasive Neuroimaging,
Guger Technologies OG
Christoph Kapeller, Ph.D.

Abstract:

Progressing neural diseases can lead to severe functional deficits, making a normal life
almost impossible for those affected. Without any possibility to communicate via their
body, such people would greatly benefit from a brain-computer interface that directly
interprets their brain signals and thus allows them to interact with their environment.
Concepts of brain-computer interfaces have been demonstrated over the last 40 years,
revealing their great potential and at the same time suffering from their complex
nature. Recently utilized invasive sensor types, recording electrocorticographic signals
directly from the brain surface, tremendously improved the signal quality with a
moderate amount of required sensors. Brain-computer interface concepts that have
previously lacked in speed or accuracy might overcome these issues using invasive
sensors and regain attention. This enables reliable real-time detection and
discrimination of real and imagined movements, as well as real-time classification of
visual percepts within half a second. Moreover, brain activity in the electrocorticogram
can be excellently localized with great temporal resolution. The ability to reveal
important cortical regions in the operating room in real-time could support
neurosurgeons to optimize the functional outcome of candidates for brain surgery from
approximately 50 million people worldwide suffering from epilepsy and about 260,000

new brain tumor cases worldwide every year.

CV:

Christoph Kapeller received his BSc. and MSc. in Biomedical Engineering at the
University of Technology in Graz in 2010 and 2012, and his PhD. in Computer Science
at the Johannes Kepler University in Linz in 2017. He is currently working on
non-invasive and invasive real-time brain-computer interfaces, looking for new ways to
interact with the brain. This includes design and implementation of signal processing
methods, which are applicable for real-time processing. Furthermore, he is
investigating technologies to localize and categorize brain functions, including

high-gamma activity and cortico-cortical evoked potentials.
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Fully-implantable wireless brain machine interfaces: progress toward clinical research of chronic
implantation and future perspective
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BT L0 AR RE A S35 DIZR LT, IMIEEh &2 %5 ¥ o L TR L T NG Bt iz v 5
VIO BHHIOMIAEETHY | ZORBISHBIHGFIND,
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EHEI & HIfEA S R = BMI

Instrument and Control Engineering for BMI

PN NEINESTE R e e
Kk B

BUFIE 2 S A7 B ERIER 1T, AT~ & kG L EHIIER. s, SIS DM S D P —
FUATLTHY | BEHEEZ L2 Db EERIVBEINO—>ThH 5, HIZIEX, BEEE VR L
720 AHEASEMEEE B D ICHMHIZEIE L2V T508, ZOFEIROREOLY TH D, HilfEH
G LTk hEEAD L, B MIKIR, MESEDNAS Lo TSV E—FITROHERE, T72bbH, KA
FAZ L AZF LTS, THUFLEMBURG RS & b FOEPMICHEHIIRE, ks, SRS
DAL S 1D AR R Mo > TWDH Z & L D, AR, T7bb, Z OfIERI A
2722 &, BE BMEEOIERNEET S, ZOEREZMOIT 57200, iR, fEHESOFHHE
fitt G2Wr) & A, FIEFEOHIEEIN Q5% NHREL TE 72, ZTOXDIT, b ME, oA T 5 aHAHIE
FERE L B B3R S T E LFHIRES R 2 A G hE 2 2 & T, PREL AEEFELEL LTS, L
MURMR G, FREY, HDWE REOFHETZEOEEN RDNIZR, T7hbb, R LL—7
PAEN T SNTERE, B3NSR ONRBLFETH L5, Zhid, 1EROEANA A2 EHA, # A
MG CH DT, V=T EE LT HZENTERDPSTTZOTH D, TF, B FOFRASMHREN S
EEAEREZEEE LD TNBICF A V7 NMIRfZE 522 2 L 8diinggiZz L <&k, B
WElZ2ZTF 5 &, NCNFEBECFEALINTHWD L, AN TS MFEE L~ hs B IR O BRE A~
2o %, F7-. VR(Virtual Reality) . AR (Augmented Reality) . HI (Human Interface) £:#f7% & 0f
THIEITEY, Kb EREEZIEMICEICSE LR bIThhTW\Wb, 5T 5L, BEfI#ERD
PAL—7 v 27 bt MENTHILS L0 TIEARL, b MR LIZRHEK, £ PS80 Tr—
TR TEDLLOIZRYDOB D, AHEHEH TIX, VR HIrEZRME Lz DR rs A7 2B LT
R %,

20



i 3
WRIESZRERLE BB —in vitro RHDDTF TA—F —

MEA-based stimulation and recording in cultured neuronal networks

FORRT: « RPBE TRPFER
T iRZRZ

1. #RRAE 75 D% ik
RHFRRIC I T DIHFHREEL - RN LN TV D DIE =2 —n Y OBEEMTH Y . Mfamsto
A T DB =340 & A F 2 F v RV ORGSR EED < SRS TR E D, M SR 2 il A
LCHER L DF LL?'S’% FLERT D DN S EEN 72 FHAI TETH D3, sparse coding & AE & 95 1 H R
BUCKT 28 HIIZRA R S 5, Zhickt U, st sl ekl X 22 YIRS 2 #eiE B O FHEI 2 v REIC
T5HETH D, BIRIATEEZ: DlXfield potential & spikelE S ICIR HN D, #EH . Fifk S5 spike DiE
@@umpv@ﬁfhb\ﬁ@ﬁ%ﬁﬁﬁ%@ﬁﬁuﬁﬂmmmnmmf&éouu%mﬁfﬁBOMpmﬁ@
T 2 648 JE 110 (2 R L L 72 Ml BE 2% L (MicroElectrode-Array; MEA) 28A< AAWHNTED
kHz&fh’U‘Eﬁﬂﬁ L 727 —# |Zspike sorting% i H L Craster plot & L’Ci‘%ﬁﬁ‘é%fé’ﬁ#ﬁ‘ﬁﬂ’]’(&bé
2. ZAESRG
el {%f(fﬁfﬁﬁﬂ & LTIHA, Pt E 2 WD 56032 < | BRI O s iC i I v 2 VI O i
ANZOEZBETLHVEN DD, EEGRIEFRNZEHT 25813, EMEMOE=4Y v 7IZEkS5 1
ICEHET DI TR SV A ZEINT 5, FITRE S & RIREUR (I — @Rl L CIEA BN O 21772
DR EDLTRIZE Y HEMED RWVESHIEA /REIC R D, S RINB TR A T EALLLE THRAET D L
R HNDHD, EORINIITREICE S RERT =T 4 777 N DRBHENVATH D, ZNHLDERE
B U2~ = — L OBFRIC L 0 | RRREMmO 7 1 7 F A6, FPE% EmsFEE T OG5
LR FEB I N TN D
3. MEEHIE S AT LD in vitrofFERK
in vitro 5% OF| SN L~V THIE U 72 AR S 27 A0, AL ATER Z & Th D, v
Y = > = 4 (Poly-DiMethyl-Siloxane; PDMS) 0>~ 7 rHixs# 2 MEA (i (25 L 7= 3 112 |
HEMR B A BT DR LR EBE LTF %2 1177, 3 2D~ A 7 affiffukis XimZ SZEEREN)
(Wistar rat) 7> HERE L7 DR AT & b SEARRRER /b\ﬂi&”*ﬁfﬂﬁﬁ/ﬁ%ﬁiﬂ’ﬂ%%ﬂ%ﬂﬁ@ LTHEELTWD,
BEE AR ZEE D A HE AN RER b U RIS 55 2 LT v 3 T OMMARE 2 MSTITMER? L 72k
EE755CEK//E | A2 S AL A A 70>
5D~ > 7 A fE A
B EZHES ZENTED, &
SRR R I T k3 % O F D
TUHE & Rl AZ AR R e sympathetic parasympathetic

meurons

cardiomyocytes

neurons

é ﬁ%f’/}%'ﬂ:\ *5%% (propranolol, i : synapsin|,
atropine) #5112 X5 TN 6D :
’ﬁzﬁﬁ DT Va4 ﬁiﬁﬁmu = ﬂf_o

chronic electrical stimulation

microelectrode array

Fig. 1 Cultured cardiomyocytes innervated by autonomic neurons
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B 4
ALy Fr TLHEBEEEERAN TV LRBIESHRA SR T LOBRK

Wireless brain monitoring system using stretchable thin-film electrodes

KB PEZE R R FE AT
ESEEE 4

ARIFFET — AT, KONV EITARER 7 LT N Ly ha=7 A - TLO LD ITMHHEATE
MARNVyF X TNy bu=7 ZFN 2 N T, Ny FRERE Y 2T AR0RRE=42 Y 7
BUHTRT DN WEWASVATTIZED Y — MR Y VAT AOMIEREZTo TS, B
T AT LORFEOHR: BT, BRTE . N LHRICRE S D H AR OERE 2 ED, 2
LAEAMAGSED Z & TR ToT > 27 AT 28 2D TV 5,

AFE T, EREANCAEREA MR 2 A S5 Z LIk o CERIAL CE MR EMEET D
LD IABFURGIEENFHAI & 2 7 BZDOWTHRIT LTz, IBERE R » U — 27 OB Z AT 272 D123
BB L 0 INE B o B2 MR IS ER<HEE L TMESZFHIT 22 ENEETH D,
— 5T, BERMEEAZATAIRER, flxiE~v—Fty NMENMIRTDE YRR S IR BT
LT, OB L L RE bR E 0D, v—FE Y MIHESMEE L OETEHETH LN,
ATEN~ D% 7] R BNARI T 5 72 DI ITFHALE & O/ ML E RHIANEE TH 5,

AL TIEL, BB O3 RIS T TR I RE) U7 TR s, i s, mikofaH TFT 4
HEE B L Ot ) (Nature 2013, Nature Comm. 2012) ., BEL O [ 220 X 5 I2i#E A 7E 72 Z2 80
BEMMEE Z e W= A ERREIKEIT) (Nature Mater. 2009, Science 2008) Z W T, FH 0
< THWRESHLAZ T v o FOVBIEEFHII S AT A& B3 L QD B RO AR HE 1
(LED) ££7f [Nature Photonics 2013], ALt o £l [Nature Comm. 2012] ZF L CTHYH . Z Dk
FERET /A A& Z T, AL CTIIMEIZEED Optogenetics XHIRUIMAERER IS AT L DBIF 21T -
TEDOTRIT LIz,
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RRY—tyay

(14:45~15:45)

PN FERR CTRHI &N 5 IR KL 2 I T, B ISR R Fh i fTRE e LW T = — & —
KBRS EEROPTER eheestet JEE ¥

H—=ao—n AEH) - JETESEAL « BEMEIEBORRTLRICE 5 FEAESHOT a—7 1 7
FOXRZFEATARES R R BE

M C AIPAVBEIT I A TR N B B & ARG L U Microsoft Kinect %% iV 7~ BMI (Brain Machine Interface) ittt
FOXERN R R = i e e R B2l

TULA Yy ey s AU H—T 2 — AD T D DIRPNHLAT AN 30 BE %
KR FERRE TIEHRtE o ¥ — &M pE

P300 I FEATIC R I DB AHIAIR =2 —T Ry N T —7 DI H
B KAy eI R AR g v 2 — FE FRE

W FEEREFTE 2 4R Lo b MEHSENEMIC & 5 W TR AR REARAT
REERFAEBRE T o 7 — R E TR MEEmr B EE

Ty o=y o f 0 H—T 2 A AR LD BERGEIE~A~— TN ZADOT 72 BV 7 i L OfE~
KPR R ERRE T it o 7 — B R [ T A e R P FRAS BB

Ty e~y o A H—T 2 A ABMDIZKTT 2B HEEEGRE ORI 2 EiaiE
KRR FFBEE TAEHE v 7 — BRI E T i B2

AEIZ)G U7z ECoG High-y band activity O3 EUEH A O fRGT
NER B R E LA = =

DHEEITE=2 ) Ik D0 =T 7TV TANAREETIIY AT LOR%E
FORER SRR PR GRS ERH LR - BRMERT S HE Bl
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1
RIABIBTEHR SN SRR IEEZRALV-., SREICHERTHERRGH LT I—4—

DR BRR A R 22 T ZERH I A A
2Department of Neurobiology, University of Pittsburgh, USA
H £ V2. Andrew Schwartz 2. &HEEZ D

—VYGEENIF I, BB < 5w & DO HRANAE L, BMI HIFIC L0 | REFL®T 2 &8
Ko, LinL. RIEFZEFHEIT, EEROBPOT X ITHNTH > TWD, FHIEEREIT A5 T, £F
Ze (EMEZR A TN L C b HARHLCROE LIZ I S 72y, Fexid, Bl Decoder D EEHIFHIAS 5 Ji
[RIgE5E & . #1 Decoder BH¥E %217 - 7=,

~ 77 WV 2 BHO—YGEBNEFIZ 96 ffi] AEEAR 2 4 L, Center Out Reaching Task #1772, li®d
B & % Tracking L. MHEFE KB A G L7z, MRFSKBEEIIH M & HE A BT TRfBE T VT E
VB ClRlR STz,

Fr(t) =bxVx (t) +byVy (t) +bs V (t) +b0

Fr (3838 M [Vx, Vy I3~ 2 hov, V) IHE,

BiDecoder iX bs V(t) # B £/ WET VAT 5% EEDO KR BT b DMEREE CHEE é?’bﬁo
#1 Decoder TlE, EAZHEIT TRLADLELD Z L Ths VO HNFIZIHE S, #HEE S V72 iESX
BRoOYERN & SR A 3R 7= (p<0.0031, t-test, Bonferroni),

AWFZETIL, RIANERIC L 205 KBE D, Offline THEK LV & &k B IEBHEE rTHE 72 8T
Decoder ZBH%& L7z, 4% . %7 Decoder % Online |Zi#H &5 Z &R WIFFS L5,
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2
B——a2—0OV3EY - HAESELM - REBKEBIDORFEEERICK S
EMEFEBOTI—T42Y

DHURUR SRR AT i peh s 4

DB SEAF RSB A AR S

DA IRERR RS
FHREE D, BIFMA D, B 2, AT,
U FESS ZBE D )IEAFEIT 9, FRHEIEA D

b MEETEENCRD S S F S ERRMEBT O 5 5, HEESTFIITEE DD O EwE OiER 75
7o, AL 6 OfE BFHIE BMIFEED - OIHZhE 720 5 5, —F . BMLIZEH S D EEENGE
BZiE, REWN - RTESEN c B2 —u UEBO SEA/HV SR TWD R, b & FKHCE
LU CTHEAT L FEEHRESN TRy, 22 Thivbiud, 27—V O R % Bid 3 FOE B % [FFE
WCEHT 2 2 L AR ATREL T DA 7V v REVEMZ B L, FEmE O TR I O S LIS %
Bat Lz, 8 EOEZEZH{HAH-THOWAEAICKLT, BEralat THEATIHADTRENT =
—T AV IREE R TE D ENHR I NI, 84 DWIRE BV THNT L7 /SR, fE 5 75
FEEIL T LT 9% Th o7, Atk 2 2=/ —3 a3 UAilh BMI #&icmid <, FEmE AVi-F
EDHHTH 2 ATREMED VR STz,
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3
AN TANAREIZCRITABEENEEEB L EHANABRS LU
Microsoft Kinect Z % L \f= BMI (Brain Machine Interface) #&#f

VHURERME R R E R E R

DR ER SRR g st R

VRN T BT - M 5%
FRZE D, THK—F 2, SifiniiEZ 9, B Rk 9,
TRk AT 2, AlEGETT 2

MR CANPAVOABIBERICEL T, BENEMEZEET 5 2 & T EE MK &
(Electrocorticography: ECoG) & fi#HT 23 FIRE & 72 5, AWFSE CILEENRF IR AT 20855 72 2L 8y HFO
% Rolandic area ® ECoG 7> H g L, EHENRAE & IR OREA M4 8 LTz, 3IEBIZIHB W TFED
of2, Mo, BN % free run TIT\W ECoG #Rt#k L=, ME FU AL LT, #IBIIHEMRER T
OEEZ I & L TAT) L, sl T ER 2 H 7z, EERRRE 2 E Er ) D EIC R 2 729,
FEgEfh 3 IRITALiE T > B Td 5D Microsoft Kinect @ Skeletal tracking #fE%# W TIMAED Y 74
A L. B R OREEIT o1, B0 MBITAENT Y 7 8 EMSE W TA 7 7 1 iRt L7z,
2 - i HhEE) Tl 50-250Hz OJESE) 2 4% E EICR ATEE Td o 72, Kinect #1722 S5 E T
(2 3 ROTALE R FHE A ER) 2 B #hi H TE CTd 2 2NAER R A FR ILRFIZ T lost T 256 oz, &
%O BMI ~DREOIZOWZIE, L0 EHETENALES 2 HETE 5L )7 077 AOWRNLEL
Ez b,
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TLAY Y0 A3 —T 21— ADT=ODEREIA R R ET OB F

DR AR FEBRE TG et o 2 —

D AB (R AT ZERE A AN I ol E e r et v & —

9 A A TS
BT D, Lk D SRR V. A5 AR Y,
AARTUME D, BRRMESC D, HIEHRM V. SERHEZ D

Jrate e AT K 2 TSN - SRR OMRE R A B E LT, Fa ZEENNEE (ECoG) & W 7=k
HOAMIT LA v e vy o A 2 —T7 = — X (BMD EEOHMZEHFIE 217> T\ 5, #HUAM BMI (X, JE
R LR CIEME R IR BRI IRF C& 2203, HIAKEEZRNICHET 5700, HERGE - 85
e, B L ORZRMEA~OT S REENLETH D, AW T, BARBFZEC T 72 RPN LA K 54
FRIE U7, HLARMIEEHT, 2B aA L E il LIRS b O IRIAEIC L 0 BEE X, 128ch @ ECoG {5
FOFHH, AR EE A~ DERIEE Z1TR D, ERSOZED A V7 EOARMERM L Sl 2 Eimicix, £
REAPERRIE S AV TV OB L7z, —#0. BrEBHRMEHZ DWW ik, GLP B A %0 L, R
WA 2R LT-, ECoG HEi% & TeEhi 328k F O HLANGI 5 2 A IR OIA R, BEKGEIC
£ 2 I EH AR O BRE J6 K OMERE(E 23 AT e 2 & | MERRAGEIC AL D IR B 57 & O VDO RN
WZ e R LT,
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5
P300 iR EENICE T HEARAA =1 —FILFRY FT—Y DIGA

UK E A BRI e v 2 —
REHRE., B

AW O HEE, FICHEERHE S A7 ICHO BN D &A= 2 —F )V v kT —2 (Convolutional
Neural Networks, LA T CNN) %, #iliERENR BCI TEHHI X7z P300 I fiFpT I L, 22~ Filk
ML m ESE5Z L ThDH, 1EMIY 512Hz TiHll Sz EEG %, ST =% 5 400 7' 1
v FOH (K 800 I VR ZfH L, 1X400 O 1 RIe7 hLind 20X20 O 2 RIER7 hIVIZE
B 5, EROBE, 1HESHTZ0D 9 DD 2T~ Y MV (8 B+ ZNHOEE) ZHfEL, 7V v Bk
2% Z & TB0X60 D 2 WL~ MBERIIND, 2D 2R~ hZ CNNOASEE L, 2
EOERAREE T =) T TEER T, MAEICelaEEHVD, 2FREIEE BCI[1] o7 —#
Ty MRV, 10 #EBREOYE o~ o RBIEAZFH L2/ R, ERE SVM 2 TR ol
59.83%[2] & K& < EHl% 79.66% % Fidk L7 [3],

[1] T. Kodama, S. Makino and T.M. Rutkowski, “Tactile Brain-Computer Interface Using Classification of P300
Responses Evoked by Full Body Spatial Vibrotactile Stimuli,” in Proc. the Asia-Pacific Signal and Information
Processing Association Annual Summit and Conference 2016 (APSIPA ASC 2016), IEEE Press, pp. Article ID:
176, Dec. 2016. doi: 10.1109/APSIPA.2016.7820734.

[2] T. Kodama, K. Shimizu, S. Makino and T.M. Rutkowski, “Full-body Tactile P300-based Brain-computer Interface
Accuracy Refinement,” in Proc. the International Conference on Bio-engineering for Smart Technologies 2016
(BioSMART 2016), IEEE Press, pp. 20-23, Dec. 2016.

[3] T. Kodama and S. Makino, “Convolutional Neural Network Architecture and Input Volume Matrix Design for
ERP Classifications in a Tactile P300-based Brain-Computer Interface,” in Proc. the 39th Annual International
Conference of the IEEE Engineering in Medicine and Biology Society (EMBC 2017), IEEE Engineering in
Medicine and Biology Society, pp. 3814-3817, Jul. 2017.
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6
T e EZ B4 L= FNERERNERIC K HBET R ez
DRBRRFEBRE Lt o 7 — AR R E L 25 M FeEm
DR PR F B = TR W e R e R A B
DFUIN IR T B = R e e peh e e ) =72
AR V2, LR V2, BEAE D, FHHEE D,
PIEEERSL V2 #REF 45 D, HIEMRE V. B REE 2

WE T IXAEMIEENC AR AR RERETH Y | T ORFITHMCMA LI SR LKL LTHRICED, @il
fb& & HICHEFREEOEIGIIIML TR TV D b ODOFENRIBFIENHEL SN TWD EITFFWVEEW, 2
T CHEAITHET BMI LW IHHRWE N EEICHT 27 Ve —F 2L, TOEEODE FEEN
TR % I CHE RO MEEBERIT 21T > 7o CADAFIRO T2 DICHEENEM A EE L= 4 4 DBED
#1243 C, K 2ml & AHEET L TH & WA S5 IMIEEI & M L7, HETRIT 1 R b2 ToR
4 @ Brodmann area 43 (BA 43) T High vy #7115k (>50Hz) TO /T —58 753 HEL LHE 521714 0.5
£ THkfE L7z, 0.5 BPLIBEIT High vy AR OIEEN 2 22581 L 50Hz LU T O JE A /3D — D35k
DB U 7o, TEE RO T 0 o 0 I XREEWE T Th 2 NER & RREEUWE T Cd L WHEA 4 5t &
LTHELTERY, BEFRFORIN L MBI OMAEER 2K L TW LS AR D 5, 2 boig#EzF
B0 ICHE T RIS B O MR A 1T 70 > T &E 720,
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TJLAY - AU —T x4 AWML DERGEXE
~AI—FTNARADTIEVEY T HBELEDRLE ~

DR FEBRE TS i o 7 — B T2 A R e 56

REC VR NE S vEE ST LT R AN S

3R R 7 B AR R N R

EPNTTNE e ST LT R AN S
FEABGIT V2, SEHEZ V9. & mE D, AR DY,
TTRoNAE— NIy LD VeV sv—D]
WKL VO BHE] V9, IREEEN V9, & EEZ 9,
g2 v

Brain machine interfaces (UL T BMD) |3 H EERE AW 1235 1T D HEREMIFRIZICH T & 2 FIREMEDR & 5 4%
fir& UCTHIRE S v, Fox EENARE IR O IMTEE) 2 R & L 7o WME S s sdit, HUARY BMI 241& OB
FaAT> CET, FEPWE OB BRI TIE—RICHIGE MR E SR S TE R, EFIT
A< — 7 /31 A (smartphone/tablet/PC 5 R) ICH A A v Far ha— L ERH LT 78 )T
A BERERIE SN TR Y | BMI £ Z IS H LI 2 A1 AA v FEFEE LTHIHT 2 2 & TES mEE
Ee LTHIHFRETH D, ZHUIERWE~OGBELE 2K S E - (AR LTH
V. EIHES A=y MEIIBIT LT 78 ) T OBEITE 4 D L b s, Fx it BMI
Bifie A~— T HA 20T 72V T A HERROMAIZE Y | 1RO EEAEEE & i LA WE
O QOL M LIZEVETEDREELRH L EEZXTEY ., £1%I1T ALS BE LR L L EaliliaAm
BMI % (& 2 AW D BRIRBRIC B W TR E L TAY— T AL 254D PETH D,
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TLAY - ToY - A UB—T T4 X BM) [THT 2 EHBGEEOHGCET 2BHHE

DRBRR S EIBREE TG v & — B Rk E L%
DR IR R B R R ek SR 7
faf B2 L K2, PNEEKSE 02 EEEE 2,
HlEfe s v, SERMEZ V2

(Hx]

TlA v vy oA F—T7x2—A(BMD %, FHEEEIC L D HIREEZ 3R 580 & L TifFS
TN 5,

[AHiE]

KIKSEBER S A HAG W D 215 T KIRIF T 160 4 SfiHEE RS x5 L LT BMLICK T 2 Eilk
A AT o 72,

[#&R]

(1)50 4 BEMNBREIZEZG LTz, RFEM 57%, IR 27%, G+ 84%DBEENBLE R LTz, 2/3
DT AR OMR] B, FIEFE e EORER 20T 5 L. BHERT p=0.09, EHERIER
+ p=0.03 Th-o7, (3)FEEEB2%) L0 . HEHITHE (66%) LEREEHIE (60%) 123 2 BIFFA L)
STz, TEBENHIE TR AR (88%) . BT 1B (96%) 1% L THIWAZE AR, BREEHIE TIE, BA
REDT 7 —5(96%), Xy K ba—/ (8T%) IR H -7,

€2

BMI 2&RIZKE T 5B 0IE 84% & i < & BICFTR IR A 23 52 A BMI 23R L7 BH D 57% & %
<, BEMAIIEB LAV ABE LN E W BWEROKIREZ X b, 7o, A% OBEE LTHE
BT & LB, LV FHIARRE 2T L TN, =— X & B E 2 THRE O OMEE & B
FE LT,
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SZREIZH U 1= ECoG High- ¥ band activity D& IBIEE DR T

= I EEHE. PE ML IRRRE. StREE

(B #])

ECoG T# 5415 high-y band activity [ZiEEE BMI OflfH 775, 725 iE-OrE S O & RIS B O
fRER & L TR ED DT D, Las L, BIEHHS L D ERS0. ¥ A7 R R BB OR D F4K
RRHDENZ N, AEFRA L, TADLAINEHRIEICES LERSENEME & 2 T L7ER TX A 7 @D
high-y band activity ®FEEUE AN DV TRET L 72,

[Ai£])

e~ v B 7 - BARE 2 HICBHEWNEMA E 2 T L2 TADASER] 4 212568 L, BARGLE IS
CC ECoG Fidk FICEFEHX A7, #EE#)Z A7 %17\, £ high-vy band activity % Wavelet 75 CHEHT,
AT L 72

[#ER]

KH A7 T, ERIRIIIMEEREFINAZIC F JE#E < high-y band activity O¥MAHER L7z, # R 7 il THH
ICIRO T 34 BRETHRIEREET 5 —H., YA OBVIRLFITG CRRRFELS 2 LT,
(#&55]

High-y band activity (Z4 A7 FrEAIC, ZEMMY, FEEREB A R Lz, SURFMEBR LR 2 HmET
Do
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DREEFE=R2 Y JIZEEV I T I TIVTADARETRIL R T LORSK

VAU E R R R 2R ZEBEE 2 S WFFERR LR « KRR 2oy B

DEIRFRFBE IR PIFER > AT LR

DREA R FR T A AR A ZERHE B R R+ L7 HK

DL R E B & BEHR 5 ) 2P JEREA

O HRUL [ R 72 R =75

O R R IR AR AR

DIESLHEHR - FREERITTE & > 7 — Rk

OEFIE N RIS RA BRI

it s V= o

LOHURUE R 8 PR 572 R S e PR A 2B S SE LB AR RE 1 T =72

SR A R R R PR o 2R S OF e R e R RSB 7200 B
BRERE D, RS 20 IS D, ARSI 2 N 2,
ARG 9, DT 9, OSSO O FFRET 0, JEIIHRE Y.,
PRS- 9, AEPPTRR 10, ATREEAR 10, f2 B s D

"E]

TADAFIENE E DANCERE 52 TREMREZRT VAT ARFEBRTIIE, B TADLALBED
QOL NkET 5, AFRTIE, LHELEIHRV)E=FV > 7I2ES U =7 7 7V TANPABIETH
VAT ABF O A ERRIT D,

[AiX]

BN FIEIZE S W THEERTO HRV 22T 28 ETHI7T LT Y XA ZHE L, RAEROFRE
JREH, BAERIK O ET — 2 A L CHREERGE LT-, B2, A~— 74T 7 VAL LTZRT
Y XL EMAB O/ HRV £ B2 lAEDE T T 27 77NV AT AEHERE L, BEEZXGICE
AR AT o T2,

[#ER]

TAY XLOH A EBFETIE, RTEBEETANA T 91%, & TAD AT T9%D3EMEN 30 FLL L
AN TRIC& 72, RTERE T AD AR 5 IR T H 86% DIKE AT HivTz,

(&)

TERDIGH 2 N2 FIE L RIEORENTON, V=T 7807 4 ICbEBNL720, FBRRISHHIRGT
X D, S RIIFIERTOIREI NI L 0 E 2 OFAEZ BT 5 closed-loop BURHE~DISHZ BH5 L.
K OFERMEEEDT,
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cortiQ

rapid cortical mapping

Functional real-time mapping of the
eloquent cortex using the
electrocorticogram (ECoG)

www.cortiQ.at

recoveriX

MOTOR-RECOVERY NEUROTECHNOLOGY

Motor rehabilitation for stroke
patiens using BCI-neurotechnology
and functional electrical muscle
stimulation.

www.recoveriX.at

Mind BEAGLE

CONSCIOUSNESS ASSESSMENT & COMMUNICATION

Assessment, communication and training
for patients with severe brain damage
and disorders of consciousness.

www.mindBEAGLE.at

g.tec medical engineering GmbH | Schiedlberg | Austria
GUGER TECHNOLOGIES OG | Graz | Austria

g.tec medical engineering Spain | Barcelona | Spain

g.tec neurotechnology USA Inc. | Rensselaer, NY | USA www.gtec.at
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