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Cybernetic Avatars:

body Monitoring to Social Interaction Services
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fEDIMU%Z LV TransPoseXPIPIC R < EEZ R L. RGBAR—ZXFEPoseFormer& hH R ) ) FETflE e OFEMEH85.2%IE LIz I—HRET
F—BETIIMBAL. HTEETIIREEHMERZAMMOE L RAFEOBEEER L 7o ' ! &, 3R F & £ L & LSoleAlCoachd I—F > JiC
MU Insole SoleCoach MU Insole SoleCoach
WU EORREEEBFEOUIST2024I TRERRET o111 SO THERBEBETES - LAERINT.

[1] Erwin Wu, Rawal Khirodkar, Hideki Koike, Kris Kitani, “SolePoser: Full Body Pose Estimation using a Single Pair of Insole Sensor”, ACM Symposium on User Interface Software and Technology (UIST) 2024.

[2] Shino Ito, Yichen Peng, Erwin Wu, Hideki Koike, “SoleLoadEvaluator: A Real-Time Feedback System for Walking Posture with Anterior Load Using Insole Sensors”, Augmented Humans (AHs) 2025.

[3] Toshihiro Hirano, Yuki Tabei, Yichen Peng, Chen-Chieh Liao, Erwin Wu, Hideki Koike, “SkiTechCoach: A Multimodal Alpine Skiing Dataset with 3D Body Pose, Sole Pressure, and Expert Coaching”, ACM
Multimedia (MM) 2025.
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1. BHICE B XTLRE (Ogino et al, bioRxiv, 2025) : BUDFIEHZRIRT I, B
SEBORBZEL. 41T I XOFHELRINCERICETIUVL - ETIHENHD 7,
COERABHEICIE. BICHEBZEATZLIITR HBBAST 25X T MEBHOKE
ZHATEICEHBENTHZLHDH>TVET, Thid. FRBATLWTRRBWA 1T
IUZDOEEN. BEICE>TRRIZESICHAZ I EHEATYT (K1) o BRAERBIC, &
DESBB/BANEMZ NS, BOATHEELZALIEZ N TEEHEANSEREHER
LELT COERICEDIC L. BHANOREKE > X7 LA EBORSH LB LICL
T ENREIRMICS AT LREDABEICHED T,

ChoDRERIG. BBEER Perturbation
SRBE(TMS) S ORFIRE ~— —

Passive

B1 A& DRAGVS A F 9 RDOREIEZ

='(0)

W5EFHOOHEIR FEHEAT S

3. ERMNFEIZ FOEE( (Kamiya et al, Journal of Neuroscience, 2023) : i
DAR+EEEHTZICiE. BAlMAICHEINS 3D, ZLTROREZFIHT 3
IS CORBENROEBETH BN ZHESNNITBHICKETT, MOBIEEZESHIC
TB3LETO—DOREIE. BEBT—2IE/ 1 XHKEL. TOXAF IV RIERNTH
3L TY, MRMETIE. COMENBRPSIHNERINTIELLA. ChTREIED
2 N DOERAHTEIIRETT, FAERTIE, BRA1FIIRORENBOSTEERLT
FEMIR FOFLWERERBAEEELE L. BRNFIHIR S ORTNRR %R
L. ZOJR +2FHOFIEIR b EHPHOEEIZ MR TEZ e ZRLELT
RELEBEOERAEIE. EFOLBAX—SYIF—2EAVTHERAL. REREHNST
DOEMBEREAOFEICEWT, BEBLHERZRAEL & L. BR. Cho0fliiz

Target distribution

BULEBREDRBI OB 1— = optoger mcsa‘c_ ﬁ:( RETIRICIE. TAEEFFFHOFMICSVWTEBLTEBLREEZRL. —HTHE
HHEFITVES, & a5 1 FREEDHSBOFEICEVWTHEBEL TEELRENERIT I EZRHLE LT
?&s 27—'—&‘[@%%@3& - =t = e 3 Mean + Covariance
BANDREREDRTR CIOE C 7& Perturbation State g:uw‘;zr; Soaimledipaie ‘_é :
FoTLEET, Bk | wE = .

8

2. ROFIEEIC K BIREDSEE (Shikauchi et al, bioRxiv, 2025) : fiid. LEHRENS
BEHEHANOBITOLSIC. REBEEB T ZHMEXTLEARTENTEET, KRR
Tl ARIEMES S S 7o e WS HIEHEEEEBA T2 T MOREOTIENEHTE T S
BRAEERRELELE (K2) o COFEE SEERICESE 12 /NLRRBOCEFIC
AIEIEIES S5 2 7V HRERTIT —ZXDGramiTFlE LTRINB L 2AWHDTT, AFl
WMISITUREATZILT. REDKHEOLPTES (FSIT7VEREOATE) Ll

% Optimally controlled path
P*(Xps - -+ » X7) " (schvtcinger bricge)

Brain state iranslllan cost
min D (P4 19(X]))

qXgy-- s X7)

Uncontrolled path

n,@i

Initial distribution
B3 Btk B LR D R T LISH T BHIEARE

4. BHFHHIFI R b (Sekizawa et al, Physical Review X, 2024) : FYH\ IR DIREER

DEB (FZITYOEBNY MLOFKE) Z5HETSE. M@fﬁﬂﬁﬂﬁﬁ‘tﬂ)ﬁl“]h cnrely BIORBICEILSTEZBICHEIX bADDD I RECKREBEMIFLEITZLICD
FIEHTEZNLVWI200OMTRLBR T2 EH AL BD Y, T 2B TIHERNR  FEIZXSHDHD XY, COMRIX MIMEANFELAI S L TERBLT S LN

B LURBIREICE T 2 REEBTRBUE(TMS)-BOR (EEG) 0T — 2 ICREF E=BA L.

FIREICARD F 9, BAIE. BMOMRR CEEANF TEASINZIY PO —4EREOH

HOBAOMOREE B OBRSD S HUL £ LT, SR, —BOMREOHEAAM  FEEESELE, 9. 2B0TY FOE—EMED> SRESHOMITICEETS M
BOBHE T EHBDD E LT BIY FOC—ERE) # BT LEEOFS  LTRBFFTHRTS 5 L 2 HIZNIC
EEA RLELE(EY), BENICE. EBHK .
ey R ‘ * S ceon K 1) 2§tﬁ;§#&;\t77‘:{‘gj@*uﬁfl\/ S Housekeepmg EPR ’\érzgleasysu“Normahzed intensity
R o f&\{ o & OE—%mr—KLET, DD, & =27) ZXA2Z Jii(Fi ZiFy)s
X mﬁh N ! HHE VR IECH AR MDD F
Az . . £ REFEEVLOMET—8 7 4000 e 4000 ippgr 4000 g,
A ° ? ICGEMALLE S5, SERECHERE 50 3000 g(3000[7 130007
ATy {‘ 0 BE THEROSSICERSELARSNE £ IZ""“ I2°°° 2o
- - PERET (15 21000 1000 1000 o 1000
D e iatusniitadll S| 00 TN
(HRIT—4 - BOFSMEZ. O—2RBEOBAR % rrr rre rr2 rre:
2 THEY S 37 OREMARA A~ LBYE RV 2B EHEEOTOY b BAOHESESHILTOE L Thic 3 FxE FEE ] 28
0. BOREEE(I S BERHOH gee Iy 998 I%%
BROFLH e, BHPRLEECERILEORS £97 €95 €95 993
AHETIE. UTORBEEBLATEE L, CWS YIRS N SBIRTE S e g4 885 8§ gL§

[1] >R FLBEICH T ZBEIA N ORE LT > (Ogino et al, bioRxiv, 2025)
[2] 1 VNIV ZRIBTRIGIEME S S S 702 E T 2 MEAFEDRR > EEGT—
IS L GEEPRAEFRR! (Shikauchi et al, bioRxiv, 2025)

BIERNAS ZTLICE T 2HHIX rOER - £ MMRIF—2IZISAL T
BRR B R ZVREADOEBBRIX FOERLLERT 2BHFORE (Kamiya et al,
Journal of Neuroscience, 2023)

[4] REEMEIF O R b L RIRE = 5 S BIRA OB > HLECOGT— RITISA LT
HEDRAE ¥ FRBRIRAE D45 1T (Sekizawa et al, Physical Review X, 2024)
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FREAHRREICTEL
. 201948 £ DR, HIEISH®, 52017TE38 T, BLFMRMMHFREMEL>
22— HRE—F —LICFIR. 20114108 H 520134108 £ THKY 1 20> > A% Giulio
TononithREICFAIE. 20158481 520164108 F TREF > 2k T AHMMAREICFHRE.
2017387 5201938 £ THASH 7 5V EAMERERZE S L — T IR,

RRAFAER BEXHER LERFER ARARE

PIRIFRFEE V. BELANLBEZHEEOERN SR TZLHTESD K& BERA (RRRERE)

ZREELTWE T, Hico FERIICIE. HEORRBICHEZFE T 3 HOREL BB HEHRA

NABER. REGHIEMEZEEY ZBKRICHICHDANBLEITVET, K% EARE K8 Bags K4 A
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1. I3V T7OBELHEEHOEE L OMICII—BENH S

to-structure
between qualia and neural activites

A Quantifying the relational
structure of qualia

How does it feel like to see
red?

How similar is red to orange
versus blue?

1ce hypothesis

AN
o

C Characterizing the qualia structure via symmetry

Structure of neural activities

P
ol

~
Correspondence

Qualia structure

Structure of neural activities

~ ¥

B1 #iE<EB LTI T ~AOT7I0—F

Qualia structure

2. AEEICEZ7F ) TORE  BWHIE x RS5HVEZEM
FEEIES ZRTLICH T BZANORICH L TERINE T XTLDBZIANDE
LICHLTRETHZ LIE. ANORILL S AT LICKBUEBEN AR THZ L ZE W
F9 (H2) o MEMEVWSHEICIEITZ L TREBZVATLER—MICHKRS

NTEET, AERICEICCITLD

Input space

BRTE. YRTLERETBHIELIC X'"""';P"“X Xy~ Ny
NeB3B5EL (BE: geometry of
qualia attributes) YFEZETIFHVWEL [ ! Wmm‘ wam
X N L ZER: t f
ICX 9333 F\ (FZER: geometry o v v éD _— éD
qualia signatures) XIZBFTEZXSC #l9)

Output space Output space
cicHEDET (R3) o YXATFLHHD

B2 AEHOES

ZICHLTRETHZIEE HBAN
HEZ BB L FBIDANHDYES BB &
ETACH] IKEDET, CoTAL
1 BRALAZEMZRHD22 2D T LA
BICEWTHEMDII>TVET (KR
DEHR) o 2ED2DOV AT LD
ARG >TVWTH, AETHAUS—EB
DAIBZEVDRIZSEVSTETT,

B3 ELHEMIC LS5

MROFL®H

FHRETEEROENBABNTHET DL RLZBHDLCTHEINEFAT ZRRBOMHEEZTS LR
S, ZOERICESVEHLVERRNT L LOREEITS CehTEFE LT (Oizumi, Lim, and Kanai.
Principal Bundle Geometry of Qualia: Understanding the Quality of Consciousness from Symmetry.
PsyArXiv, 2025) o

SHRORE
SEICBATEBERIEVF ) TICHT ZERNLFATY, TOLHNEREL TV CLASHROE
—BRECEITVEY. COMRERBILZCLT. T ORLACLE L DHRAICEZRITOR
RICEHN B LERIC, BN AT 27 —2a % LB LTORM DD TRNEROPTAIHEL
TELANRED 530D\ ZRMOBRUEXN=XLOBRANSHIFZLEoTVET. CORRHRE
BEAD R OEHOEEIRRO—BNICH S LML THREED TV E LW EBVET,

,.,.‘ Internet of Brains

ZD2ANDEBRDERRLTLLSD? ThEDELST
Ll W3 TLESD?HLELRSTVWRETHIE COLSICERZOTLESIN?ThBIE. AZE
HEVWSERLIESITLOMEICEETZC T, THOB (V4U7) OAESLICHBEL
TUBHDEATEICERD S 3Bz TRTIERZAFELE LI, AELLERDNS. A
ESLICHBLTVWE AU T DR IZL AT LHRENICAB ESHATHD. BENEID
FLDATIZIAVTHACCICERD S EFREINE T, BHRORELRABIC, COERD
HET ADEHROEZMET B7cHDHLVHARNZ L1 LDORELTVWE LT

B ABTRERILC?2:E5?

RRAFAFR BESULHARR LR FER HHR

Person A Person B

RETBHARNFIL
3. /AU T ORELHTOLS

BRELLIFVTORREEIC. 2 ADTF U THEED
CDOLSICALD - EDELSICERZHDERE. HBE
2HETOLE (K4) CHBLEBDICRo L (K
5 IKEDEDBZTEERELET, ChICED2ADY
FVT7DOHBENENSSVWBTVEINNIELEEST ©
DESICPUTVBZMCDOVTHRRMICHRFATEZ LS
(e NN 3- 18

B4 74U 7 HE RO L
4. BEEZHABRLTOLR

FTEVWIA VT (B8 ZHh®L
9. BWIFUTRARTEES

5
3
#

Ve—————r
_» ~ Compare L5 W= W
structures

2EALDOOE(ERMLTVE eg., TDA, GWOT
To RICEBHVIAUT (B2 =

) ZHBLET, ZS5HWIFY \+

7T OAMBADE F i MR I ”
PEEDRBRERMLTVED, \ L eg., RSA, GWOT B

B5 HELIZOA ) THRED LB

BHRZEE=21—-F IRy T —J TOIREE

B OEHRMENS. ALAERZR D2 OOV ITLRRAEREZRTAV2 DD IT L
EDBPEBEFEDAZEVDHIS—F. BEEOABDISBFVDOLLETIE. Zh52D0R

TRICEN BV LAFRENE T, COFEROREOBELT -2 LT, BHEDOELICK

LTE Z #=Za—3)LRkyb7—2
(NN) ZBUVTRIEZTVELR, &
TLETOLRNSEZENNRT LR
ZENNRT L TIREZENNAT DA ik b
BICHL TR EABEVETZ LD
WD F LI RICBEAREEZEEAR
FTHERCOVTREZTVE L . §
BLEEAE (BHEOHNELTS) T :
EAZENNDORT OAEDIERENORT S
EDHBNABEVOEMEER L—
A, BEBOAR (BEUANDELT
3) TRAXTCHAREOBUMEETR -
L. icb0BHREXBI3-EEBE 0 - R

L7 (B6) o B6 24k, B A, BEMARICHT SRERORE

AL
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‘\p 1
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K4 KR E$ (Masafumi Oizumi)
RERFRERAEULARRASRN A SR OEHIR

FREARRERICTEE
Wi, 201948 & DR, HTEISHN 52017438 T, BLFHRRAMHFREHEL>
S — HRME—F — LICFIR. 2011£108H 520136108 £ THY + XA> Y YA Giulio
TononiAREICHE. 20155481 520165108 F TRES > 2 KF LAHBHAREICHRE.
2017TE3AH 52019638 & THARH T 5V EAMEBERFZE S L — T ICFiR.

REAFAER BAXLHZRER LEHNFER KRARE
K% WHEE (RRERE)
BReut75v

K® S@HRK nzmee
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V==Y Ea—42YAL IV AMEMR 70—+ CSO EAH—

A=Yy hEDREFEPERBIZI 2T —>avARY, BIC&E I 227 —2 3 VIR HCI (Human-Computer Interaction) DA F 74

Ll BREBOoTVETY, L L. AHBERCERHEAVEEGE <. WEMOBRLTE FHA. BUICLZREERTHIL. MADRELY

REEZANCIER S E 3 IBOMRICDBATVET,

LipLearner: {F&EIFEKEFEV v TV —F1 20

— s LipLearnerid. Uy FTU—F1 2 JIC&B ALY FRE—F&K
MTT, KDYy T =T+ VI TREBREFEOFEBNIBETL
feh’s AR TIE. CLIP (Contrastive Language-Image
Pretraining, SIBMISEA X—VBHFEE) OF iV v T —
TAVIICERL. EEFKEORHERR L E L, T5IL0 R
R—b 7+ THEBMETZIENMIRICED. WOTHEZTHF
BATEZ VALY P RE—FORRICEMLE LT

(ACM CHI2023 best paper)

Voice2Lip

ecopion e
wcheck ny emaits” <P

Voice

122 P At RV HA K 4 oD 1% B
HEEEZTS AR OB TREN RT3
IS TVE Lich ERBRETHM
FEAD'RE T B2 MNEEKH T LTce FFARTIF
BB % HIfH L 7oEBIRE T O EHAEHR
I2& DL 450msIU T DEBERE TIIHFEIESE
ICED RN EET I 2 BABLEL
Teo TOIEND. BIRMBORERF L
T NBPERTIR A < U OEEERICE S
CEERAREICLE LTS
COHRIZ. ERERTORREEREOEELR BRI BRREENE T,
(Augmented Humans 2025)

oo =

PLV Across Conditions - alpha band PLV Across Conditions - beta band

s ]
S Brsite
oo oon
ocs 0cs
oot oot
L] =
o o
oez
° L & & ¢ & & &
& ¢ ¢ & & 4@
. SELEL S ELEE

WESPER: EERB XS

BT, TREOSFERE CORSRECEEILERTECVERA, A7OY TV hTIE. EEH S VIFERISEVHMNSEOREZ FBERIC
EDEETE MFALY AT 2=r—ay) BORIZBIELTOET, ARMICLD, WOTHY I THAILREE LANSBER®R
1T & Bthink communication DHEHAREL £9, £/, ERII 2245 —> 3 VEOKEEEIEDOREA. RIFEMLLMICES LABOSE

g

BNEBICLBZBEED, YALYFIZT 225 —2a>0FRELTEETY, AHE
TlE. ABOEIE % EFEB (pretraining) T3 2L T, HEDSE LW AICICKELA
W speechunit 2393 2 T WNEF->BEBSEOZTREARICLTVED

(ACM CHI2023)

Recognized text

bt Reconstructed
Normal Voice
Vocoder (HiFi-GAN)

H Mel-Spectrogram

T
Transformer Layer

| one per 20ms Mel-Spectrogram Decoder
i —
((Energy Predictor )

or hearing disabilities)

Speech-to-Unit (STU) Encoder

HEFE#EDOHIEZIR

AlC & 3 BREZERIXM 2 BA L AR
BORFLEAREZTVEL, FHRH
W, BHRU—F R bZ7, BEEE
BY. BAOERTEEORENIR#EL §
FORENSOBEREEDEHREITSL
T, ERICEHEHIRELZE LT Voice
cloning M EME L. SADKRRKRDOEE
WMORIEMZBELTVET,

(ACM CHI2023)

1
i
i
Common speech units
| Transformer Layer between whisper and 4
: normal voices Pitch Predictor
! 1
b | | (Modified HUBERT) 1 Transformer Layers
S_peak;_sr mdependem_ L i b : ¥
(including persons with speech Whisper / Hoarse / Normal Voices

MOS (Mean Opinion Score)

original
m—WESPER converted
E=S

-

1
Al SLVFP  S2VFP  SIVFP  Sa:SD  S5:5D
Speakers with vocal disabilities

VFP: vocal fold polyp (FF#R1)—7)
SD: spasmodic dysphonia (ES R EEE)

GazeLLM: fR{EZFIA T3 VILFE—HILLLM

— AFRE =B %EMLLM (Multimodal LLM) |

CEFERCE. ABORKEEAIZNLT

EICET ZHBERBRLTVE T, RIEREEMBI ST, REEDERELM
ICRBREE 3 e TS, THERBEN ALY Z U R TEEL

(Augmented Humans 2025)

A user
With 1st person vision g

& eye tracker 15t person view

) &
p Wiy &

fﬁwwﬁ%

Gaze focused video

SHRORE

HCI (Human-Computer Interaction) DS # DA S RIS AM EAIDRETY, X7OV Y M THIEL
TWBHALYbAZT2a=T—2aviE AILLWDTHECTHREDNTEZHAZEEL. ABOBEH
BRICAICL > TRIET A HRZEBLTLETS,

#% FI# (Zixiong Su)
RREAFFEERFFELRE

,.,.‘ Internet of Brains

#8 4T (Sinyu Lai)
RREAFPARIERAFHELRE

EHRMAFEAR LEMIRERE L a3y RRARE R XM ERERBEER KRR
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3% ;& (Qing Zhang, Ph.D.)
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Unit-to-Speech (UTS) Decoder
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MROSTFETF—>avid. BEELOESHERICKET S
O, A—HY—DOREMFTEEERL. ZRRBECO@ILZFHH#IC
T3, KRR TIEICOMAEICH L. BSENTTABD NEEHH
R ICBENIZVIT7ITNAAFEFEZRET 5. FFIC
HEELLTNAZNMETY 2MEFOEHNEF 1 —(1CLD. 21—
H—IRReEONT ICERNICHAZBETE %, RRMMDKE
R RBREFERBERORELSICLZFECLRLT FES—
2 a UMREEHI L DD REREDEI TR Z HiEtBIICERICH
EEEBZERE L AHRIEF. FDRETHENLT 2T
RRAUVRBERRIBIELSHNAIUET02 a3V ORFICERY

ENANAVE2A—TFA VT TSTUEMDERICED. #HMNEITHFESF—
SavERERIISNILSICADE L, LML, RETREA>TVWBIFER. AT—
F7 AR b U Ay FOEELICRRSNZHEPRNE Lo BENL 25
AELEIELTVWET, CONSHEC LR I—HF—ICEEREEEISIRTEczmn3
fe®. RENBRBELZEITVET,

B—IZ. AEORHEKER (Visual Attention) IZBRAEYY —IXTHH, FES—>a>
R FAEOYIRES (fOSKTE. BEY. F58K) AUV -IZEVWGVET,
COFmEIF. - —DIRRERH (Situation Awareness) £E L ETF . HEREHRA
EDYRIEFDET, FLIC. COREAOKEFIE. BAMTRARERELALD. RAL
RELIZD LW o7y BEIRICARITVWWIRWEEZY (FaTILERY) ORITEY
P&, Chid. BSERHAL. TOBKRZHERL. THICERIZLVWS—E0TOEX
H ERTELRVERMMNETR (Cognitive Load) & 1—H—ITRT72H T,

L7ch' > T FHARTIE. 0 MRELSADKE L WSIRAREZBRT 370, R
SNIREVY —REBETEICAL, KDRENDMBMNICT2TILEZRIEZETSE
BRI TSTINFES—2a>0hhAEBMVETCCEBANCLET,

Mean Absolute Percentage Error (APE %)

Primary Task Secondary Task

H1: CORIE F5AMRELL BHE) THAZBABHLLWSZTLL, TOMEEANLCEROBMET
HB. (A)HFELEBZRBICES>TLIRFTHB. RROE (EL) OFTHON-—HIBLTHEZHS
B3, [ROPOBL @ANZ Lo ROHBRICESEBS) OMEET 5 @<, FizLonhREN
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An ECoG—BCI for Virtual
Embodiment
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Chang Lab, Weill Institute for Neurosciences - University of California, San Francisco, USA.

Brain-computer interfaces (BCI) have the potential to facilitate high-bandwidth information transfer between users and
technology. As a part of the UCSF BRAVO (BCI Restoration of Arm and Voice) clinical trial, we recorded neural activity directly

MBIAIBAQ

from the surface of the brain using electrocorticography (ECoG). Here, we show that both speech and facial movements can be
decoded directly from the neural activity of individuals with severe vocal-tract and bodily paralysis, and used to subsequently
animate a virtual avatar. These findings form a key proof-of-concept demonstrating the potential for naturalistic, embodied
communication through BCl-controlled virtual avatars.

ECoG-BClI control of a personalized facial avatar

« Embodied communication is comprised of not only speech outputs, but also intonation, expressiveness, and identity.

» Therefore, in addition to decoding speech output, decoding the accompanying facial expressions and synthesized
speech are necessary steps towards a naturalistic speech neuroprosthesis.

+ Towards this goal, we designed a three-component, multimodal decoding system capable of decoding speech output as
text and synthesized audio, as well accompanying facial and vocal tract movements.

« This articulatory-gesture decoding system used deep, recurrent neural network modeling.

+ While speech output as text was incrementally decoded, synthesized audio and facial expressions were decoded after
the participant was done speaking, leading to latencies around 8 seconds.

« A combination of high and low frequency features from neural activity from the sensorimotor cortex (SMC) are decoded
into flexible but discrete latent articulatory gesture units, which then animate a facial avatar.

* The facial avatar can be used alongside speech attempts or in isolation, such as to convey emotional expressions.

» The avatar (Speech Graphics, Unreal Engine 4.26) is personalized to resemble the participant.

« For further details and figures, see the published paper “A high-performance neuroprosthesis for speech decoding and
avatar control” in Nature (https://doi.org/10.1038/s41586-023-06443-4).

Towards streaming speech synthesis and articulatory control

« Though our prior work was the first successful demonstration of high accuracy speech synthesis from neural activity
during silently attempted speech, the high latencies are prohibitive to natural conversation.

« Ideally, synthesized speech and facial movements would be decoded and played or animated in real time.

- Towards this goal, we developed a speech decoding framework capable of streaming synthesized speech output.

« This model used a recurrent neural network transducer framework, enabling the model to learn both a neural encoder
and implicit speech models that can act as a streaming version of a language model over latent units.

« This framework achieved faster decoding speeds (47.4 versus 28.3 words per minute) and lower latencies (1.7 versus 8.0
seconds), compared to prior work, while still maintaining a similar level of accuracy (45.3% versus 45.7% word error
rate).

« Combined with our prior work showing that facial movements can be decoded from the same neural signals, future work
may apply this same framework to decoding facial movements with low latencies.

* For further details and figures, see the published paper “A streaming brain-to-voice neuroprosthesis to restore
naturalistic communication” in Nature Neuroscience (https://doi.org/10.1038/s41593-025-01905-6).

Edward F. Chang, MD
Professor and Chair of Neurosurgery

Future Prospects
In addition to being the Joan and Sanford I. Weill Chair of the

Department of Neurological Surgery at UCSF, E.F.C. is the Jeanne
Robertson Distinguished Professor at the UCSF Weill Institute for
Neurosciences, the Co-Director of the UC Berkeley-UCSF Center for

Together, these findings demonstrate that an ECoG-BCl can be used to
animate a virtual avatar alongside speech decoding. This work is an important
step towards naturalistic, embodied neuroprostheses. Expanding the avatar to

larger movement repertoires using continuous control and increasing the speed

T e e T el esearchidirections) Neural Engineering and Prostheses, and a Chan Zuckerberg Biohub

Investigator.

BRAVO Research Team: Jessie R. Liu, PhD; Samantha C. Brosler; Irina P. Hallinan; Alexander B. Silva, PhD; Cady M. Kurtz-Miott; Jonah Dunkel Wilker.
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achieved. Furthermore, our optical BCI system using fluorescent imaging can measure the
activities of individual neurons with real-time decoding. Simultaneously, we are harnessing
large datasets and machine learning to enhance BCl accuracy and reliability, bringing us closer
to practical, home-based applications. These cutting-edge projects promise to transform how

we interact with technology.

Endovascular Recording and Simulation

Endovascular recording of visual responses

Six sheep were implanted with endovascular electrodes near the visual cortex. Visual
stimuli were presented with different colours and with controlled semantic classes:
sheep, dog, and flowers, with varying primary visual features: background, image scale,
and face vs. full body. A temporal convolutional network was applied to learn to classify
the neural recordings. Moderate success was achieved for discriminating colours, and
dog and dandelion flower images, while sheep images were not clearly distinguished
from flower images. The neural signal can be differentiated when dividing into closeup
images of dog or sheep faces vs. full-body images.

Endovascular stimulation of the cerebellum

Endovascular electrodes were manufactured and underwent in vitro testing to
characterise their electrochemical properties, including impedance analysis, charge
storage capacity, and voltage transient measurements. Surface characterization using
atomic force microscopy (AFM) and scanning electron microscopy (SEM) was conducted.
Results indicated an optimized roughness profile, maximizing charge injection efficiency.
Endovascular electrodes were implanted near the cerebellum in sheep along with
sub-dural electrodes in the motor cortex region to record cortical evoked potentials
elicited by the stimulating the endovascular electrodes. There were prominent
responses at approx. 100 ms post-stimulation, suggesting cerebellum activation.

e
@ M\ Brain—Machine Interfaces
@

Our groundbreaking brain-computer interface (BCl) research is paving the way for
revolutionary advancements in human-machine interaction. We are exploring innovative
methods to decode visual information from the brain using endovascular recordings near the
visual cortex, potentially enabling object classification through brain signals alone. Our
studies also demonstrate that electrical stimulation of the brain through blood vessels can be

Control ) Red “,‘ Green (\  Blue

© ® ® A ®)

@

Evoked Potentials — 2.4 mA wit

Endovascular and sub-dural neural interface
locations; responses to colour stimuli;
responses to electrical stimulation.

Future Prospects
Full closed-loop BCI using endovascular electrodes that both record and

stimulate to provide human-machine and human-human communication.

High density, minimally invasive neural recording using optical BCI for
complex human-machine interactions.

Project Faculty: Sam John, Chris French, Takufumi Yanagisawa

Postdoctoral Fellows: Joel Villalobos, Stella Ho, James (Weijie) Qi, Dechuan Sun

Research Assistants: Huakun Xin, Luke Weston
Student: Qi Meng
Collaborators: Joseph West, Ranjith Unnithan, Anthony Burkitt,

Yi-De (Frank) Tai, Bryce Widdicombe, Jingyang Liu, Martin Spencer,

Jelle H. M. van der Eerden, Po-Chen Liu
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Endovascular neural interface

Optical Brain-Computer Interface

In this project, we aim to develop an

optical BCl and associated rapid
real-time decoding of the optical

signals. We have extensive experience

with intracranial neuronal fluorescent
imaging with miniaturised fluorescent C
microscopes. We have found >500 Optical

Brain-Computer
Interface

Conceptual prototype:
CMOS camera sensor
with filters (yellow),
illumination system
(blue) and lenses (red)

neurons can be tracked for >1 year with
minimal signal degradation and very
high information content. Notably there

is no direct contact with neurons,

avoiding the tissue damage and signal impairment occurring with penetrating
electrodes. Fluorescent signal in brain cells is achieved by using an innocuous viral
vector to express fluorescent proteins and these techniques have been used in
non-human primates. A key to implementing this technology as a BCl is the need for
rapid real-time decoding of the optical signals. We have recently developed a real-time
decoder using machine learning techniques that achieves an extremely high rate of
decoding (~200 frames/second).

Al and Machine Learning for BCl Decoding

A deep neural network with an encoder and a decoder-only Large Language Model (LLM)
is investigated for subject-specific visual semantic decoding. The encoder maps the
ECoG data into high-level neural representations, while the decoder interprets the
representations into natural language. The experimental work has focused on
exploration of different deep learning algorithm as the encoder for open-vocabulary
neural decoding. We employ three encoders, each with a well-known ability to capture
sequential dependencies: (1) a convolutional neural network with 1-dimensional kernels
(1D CNN) applied to the time domain; (2) a customized transformer that jointly attends to
both spatial and temporal dimensions; and (3) a simplified transformer with temporal
causal attention.

David B. Grayden
Clifford Chair of Neural Engineering, University of Melbourne, Australia
Department of Biomedical Engineering, Faculty of Engineering &

Information Technology and the Graeme Clark Institute for
Biomedical Engineering. Co-Director of the Victorian Medtech

Skills and Devices Hub and Director of the ARC Training Centre in
Cognitive Computing for Medical Technologies. Main research
interests are in understanding how the brain processes
information, how best to present information to the brain using
medical bionics, such as the bionic ear and bionic eye, and how to
record information from the brain, such as for brain-machine
interfaces. Teaches BioDesign Innovation in collaboration with the
Melbourne Business School. Co-Director of Biodesign Australia.
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