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Cybernetic Avatars:

body Monitoring to Social Interaction Services
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[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
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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 = .
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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
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FIEHTEZNLVWI200OMTRLBR T2 EH AL BD Y, T 2B TIHERNR  FEIZXSHDHD XY, COMRIX MIMEANFELAI S L TERBLT S LN
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ey R ‘ * S ceon K 1) 2§tﬁ;§#&;\t77‘:{‘gj@*uﬁfl\/ S Housekeepmg EPR ’\érzgleasysu“Normahzed intensity
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A ° ? ICGEMALLE S5, SERECHERE 50 3000 g(3000[7 130007
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- - PERET (15 21000 1000 1000 o 1000
D e iatusniitadll S| 00 TN
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[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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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
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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)
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PLV Across Conditions - alpha band PLV Across Conditions - beta band
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EDEETE MFALY AT 2=r—ay) BORIZBIELTOET, ARMICLD, WOTHY I THAILREE LANSBER®R
1T & Bthink communication DHEHAREL £9, £/, ERII 2245 —> 3 VEOKEEEIEDOREA. RIFEMLLMICES LABOSE
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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)
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With 1st person vision g

& eye tracker 15t person view
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Gaze focused video

SHRORE

HCI (Human-Computer Interaction) DS # DA S RIS AM EAIDRETY, X7OV Y M THIEL
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BRICAICL > TRIET A HRZEBLTLETS,

#% FI# (Zixiong Su)
RREAFFEERFFELRE

,.,.‘ Internet of Brains

#8 4T (Sinyu Lai)
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R RBREFERBERORELSICLZFECLRLT FES—
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EEEBZERE L AHRIEF. FDRETHENLT 2T
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B—IZ. AEORHEKER (Visual Attention) IZBRAEYY —IXTHH, FES—>a>
R FAEOYIRES (fOSKTE. BEY. F58K) AUV -IZEVWGVET,
COFmEIF. - —DIRRERH (Situation Awareness) £E L ETF . HEREHRA
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Mean Absolute Percentage Error (APE %)

Primary Task Secondary Task
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B. Stimulus Patterns for Four Directions
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Angular Separation from fovea centralis

Targeted Peripheral Vision

Unaffected Fovea Vision
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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

,.,.‘ Internet of Brains

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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