IERZEFR

Chinese Journal of Engineering

gilk: D?ézjlﬁ’&' HEI R BT ST R

IEEH ERETHE

Advances in the application of a brain—computer interface to the Metaverse
WANG Xue, LI Sha, LI Rongyang, NING Huansheng

FIUHASE:

EE, I, 2R, THCE. IPLEE DT T B AT S BE R ()] TRRRRE A, 2023, 45(9): 1528-1538. doi:
10.13374/j.1ssn2095-9389.2023.02.15.001

WANG Xue, LI Sha, LI Rongyang, NING Huansheng. Advances in the application of a brain — computer interface to the
Metaverse[J]. Chinese Journal of Engineering, 2023, 45(9): 1528-1538. doi: 10.13374/}.issn2095-9389.2023.02.15.001

TEZR R View online: https://doi.org/10.13374/j.issn2095-9389.2023.02.15.001

LT RO I A SO B

Articles you may be interested in

TE 18] 2 NGB A PERHIE ) A5 1 IR 5
Trusted affective computing based on hysteresis characteristics of the elderly

TAERRE2A. 2017, 39(10): 1591 https://doi.org/10.13374/j.issn2095-9389.2017.10.019
PRSIt S O ST AR

Current situation of vibration tactile coding

TAERRF2AR. 2021, 43(9): 1261  https://doi.org/10.13374/j.issn2095-9389.2021.01.12.007
PRI 5 rh— Mo 4 HORLAORS A L £ 5 v

A new pupil localization method from rough to precise in gaze tracking

TARERF2E2AR. 2019, 41(11): 1484 hitps://doi.org/10.13374/1.issn12095-9389.2017.09.06.005
TETE AR R T2 S 07 AT 53T 12t e

Research progress in encapsulation and application of shape—stabilized composite phase—change materials

TAERF2AR. 2020, 42(11): 1422 hitps://doi.org/10.13374/1.issn2095-9389.2020.03.26.002
KA AT T SRR I BRI 5 i

Progress in the application of nanotechnology to magnesia refractories

TARERFER. 2021, 43(1): 76 hitps://doi.org/10.13374/1.issn2095-9389.2020.05.09.001
4T SR I Hh A DR SR GOUL A L3 AR Y AT 5 e

Research progress on the micro—mechanism and prediction models of ductile fracture in metal forming

TRERE2AR. 2018, 40(12): 1454 hitps://doi.org/10.13374/.issn2095-9389.2018.12.003


http://cje.ustb.edu.cn
http://cje.ustb.edu.cn
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2023.02.15.001
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2017.10.019
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2021.01.12.007
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2017.09.06.005
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2020.03.26.002
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2020.05.09.001
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2018.12.003

TAERL SRR, 2B 45 4, £ 9 1. 15281538, 2023 4E 9 A
Chinese Journal of Engineering, Vol. 45, No. 9: 1528—1538, September 2023
https://doi.org/10.13374/j.issn2095-9389.2023.02.15.001; http://cje.ustb.edu.cn

AL AT 3 5 N oS ot e

EOF, F OTE FRE, THRE

U R R A LS E 5 TREE B, JLT 100083
DRI {5 /£, E-mail: shalee@ustb.edu.cn

W OE W, METT W E O 10 AT AR S BB, Al TR Y AT A ST B SRR R TR A i 4 ) A Al
FHIRALEE O B B R e R 2 —. BT, idliE O B 2 A FRAE 5 R 4 T BE L T8 28U BB T AR
B RS AR =AM A S, TFEE AR P WA EAR | 0T H B BT AR R I . o0 5 R A2 b i R
NG A B L O R UK, 184 B 277 78 B Mk 7= i AL L 1] (MindWave Mobile, GVS. Galea ), 2 L W 45 %2 4 Fllpf 424
A YR U S AR A I R R R, IR IR LR 1 S Ik vz I P S AT B T I A B R A [ R, R RS I AL 2
FIFETCF 0 R A Z2 R 1 F 1 T g k.

KB ML T JCTEE s AWLSEE AR i iERK; T3 PR dd & ph e 3

S2ES  TP399
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ABSTRACT The brain—machine interface has been an integral component of the metaverse since the inception of the latter, in his
classic science fiction novel “True Names,” Vernor Vinge, the American mathematician and computer science Professor, describes a
virtual world that can be accessed and experienced via a brain—machine interface. Following the introduction of this idea, the science
fiction novel “Avalanche” formally proposed the concept of a metaverse, where a virtual world constructed by humans using digital
technology can be mapped onto and interact with the real world. Large companies such as Meta, Apple, Sony, Microsoft, and Samsung
have launched new metaverse-related hardware and software products. Domestic giants such as Tencent, Alibaba, and Baidu have also
integrated themselves into the metaverse, confirming its future development and commercial value. Goldman Sachs estimates that
trillions of dollars will be invested in the development of the metaverse over the next few years. As the focus of metaverse research shifts
toward content exchange and social interaction, the issue of addressing the current bottlenecks in audiovisual media interaction has
become an urgent matter, and the brain—computer interface is one of its solutions. Brain—computer interfaces are becoming increasingly
complex. As a physiological signal acquisition tool, it has demonstrated indispensable application potential in numerous fields of the
metaverse. A non-invasive brain—computer interface possesses the advantages of being easy to obtain and having good performance and
accuracy. It is the preferred method for detecting brain signals in brain—computer interfaces. The Electroencephalogram is a unique
physiological signal conducive to reflecting people's psychological state. By reading and categorizing the relevant papers in the paper
database, including Web of Science, CNKI, IEL, and ACM Digital Library; investigating the products and functional parameters of
Neuralink, Synchron, OpenBCI, and Emotiv; studying three application scenarios, namely, the generative art in the metaverse art, the

serious game of medicine and healthcare in the medical metaverse, and the application status of the brain—machine interface in virtual
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human expression synthesis in the social metaverse; and by investigating the existing commercial products and patents (MindWave

Mobile, GVS, Galea), this paper discusses the challenges and potential problems that brain—computer interfaces may face with their

widespread use by drawing parallels with the development process of network and neural security and bioethics. Furthermore, the

possibility of in-depth and diverse applications of brain—computer interfaces in the future is explored, for instance, the use of sensory

simulation technology to simulate olfactory sensation, gustatory sense, and tactile sensation, and the use of motor imagery to assist

disabled people in participating in the metaverse.

KEY WORDS brain—computer interface; metaverse; human-computer interaction; generative art; serious game; affective computing;

neurosecurity; neuroethics
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Fig.1 EEG data-driven generative art application
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Collect EEG signals for
diagnosis/training evaluation

> !é Design diagnostic/training

E ~ scenarios to provide visual cues
oy

B2 JF VR 5 EEG 1 ASDs MIlZ/i2 Wi R4t
Fig.2 ASDs training/diagnosis system based on VR and EEG

= 7 A% 1 EEG. IR 1 &l (EOG). NLHL & (EMG),
KBRS 3l (EDA). Ot H S UK #E % (PPG). Varjo
Aero IR 2038 BEEORA LS G, B A8 W R A B8 BV B
TP - NS NI K 27 N PN ¥ 2
FAE SRALAE R R B a0l 2 frs, 76 ASD [
B VR 14k 5t F , Galea X Fh ¥t A= W1 15 5 R S 3%
BRI VR WoRER A4 A ryiit, ke 09 VR
R AU 5 R AL A5 AH 43 25 09 52 45 Ty 0 I 4 Jy
i, RS TSR DUR B, BEAL T R OB
7.
1.3 AR EMIE

#1228 i FL B 52 (Social virtual reality) f#f 4= Bk 4%
i FH P R #E — T DUAR S | B3l 1 R PR B
AT A B SRS, 7R AL A AL, P A
3D #RAE BB E AL B (Avatar) 0B A O iE T4
& B, VR R HE L T T T A, 4128 B AL
SEE O ENLEDE AN B AL IX T2 a5 P
X HE R TRAT I 5 AN A R U & #E T A S
BRI, RORTER 1.

TEI AL A R WG, R RO TR, KRG
JEAAR Bl AR 2 B S B, 76 R A At AR A
FUVERSEFRAE & oA M B IR 3. L Horizon Worlds

hl, € Meta 23 7 2 10 B A& 52 b, B
FEAUIE G BRI N H AR BRI R ok &, HAE &
R B B RS ; 800, H i Horizon Worlds
H L TE 1Y R 0L G T AR N R A B O AN B
R, X IR A 1 SE ARk, Meta 23 7R F G H
P EAT I I BT, T RS S T AR Ak A
J53, B T T R A B AR BR ], 3 b 1 AR fR A
BT 08 . Mok & 12 R 25 v 3 1 IX ek 3h 7 1
HE, R ERE AR AR T — SR TH B SR
T 8 28 1 A UL, AN ST A5 A 56 L A T 5
P, IR T BT [ SRR 0 R R B k.

8 BN SEFRAE B 7 3k T LUK AR O vk
Y RWIE, RO E R T R EE RS
SRR G S, 5 2T EEG. EMG, >
L 18] (ECG) 55 A BIUE 5, 5 — 28 07 ik v i 77 1 4R
T RO B AR, o0 T P A AT S I B E R
%5 H Ak 1k VR B A, ol S 40 1
IFH VR iZ&XT AR RN T2 5% H i
OB SRR B R TAME SN T IEAZ
HPB VR B 4 BRI, I HAST5 B3 A5 Sk AT RS R
£, HL R, MoA% s s AR, (R T
MREOE S 7 F T 18 AU A 45 b A BRAE 5, I

1 SAUITHARMT- 6

Table 1 Five popular social virtual platforms

Platform Company Status Initial release Genre
AltspaceVR Microsoft Shut down May 2015 Virtual social community
Horizon Worlds Meta Operating December 2021 Game creation system, massively multiplayer online
Mozilla Hubs Mozilla Operating April 2014 Virtual collaboration platform
Rec Room Rec Room Operating June 2016 Game creation system, massively multiplayer online
VRChat VRChat Operating January 2014 Massively multiplayer online
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RS T e R B A S 5 22—, B E RN
BEJEAAR, A A TRl BRARZS .

BT R A5 S 00 21 52 B 5 0k MR A o
AR 3 53 2 i e A 5 1 R R S A T A SR A
BRI . JE T il A5 5 9 15 BRI SR ) EEG £
AR, =5 BRI A ORI AR N 3 R,
Jo B E BRI SR R, SR A H A A B [
TE W BN LA 5, fe H A R AR O I AR A
LR, BIVIAT 4 F FH 2L 0 b i A9 R A s SR 4R B B I 1Y

» Set test protocol

flail,

affective picture system), GAPED (Geneva affective picture
database), IADS (International affective digital sounds), etc.

neutral, etc.

Emotions: sadness, happiness, anger, fear, joy, surprise, disgust,

Subjects: At least 30 people. Men and women respond differently
to emotions, separate emotional recognition, or set the sex ratio at

Stimulus: Use standard stimulus sets. Such as IAPS (International

T, el TS MER . H 425 (Blind source
separation, BSS). 7 37 JC & 43 T 73 & (Independent
component analysis, ICA) %5 J7 7 il B 8% I HE £k 1=
3. LRz 3 A G S 52, 15 3RS 15 5
XU 5 BAR T AT R IR U B T R R AR I,
Ji AR B IR 5 5 R AE X 155 28 IR S R A7 40
P WVF A N 2 R A AT TR IR R M R o
BEATIREE R, bR b, R AR 347 4y 2500, 8 2 A
I SR B Bt 1 MG B A | A B 5 0 i Pl B

*EEG recordings

Equipments: Commercial EEG devices such as
Emotiv, Biosemi active two4.

Electrodes: The most commonly used electrodes are
those placed in the frontal lobe, as shown in red in the

fig.4.

* Feature extraction
¢ Classification

Use machine

learning classifiers . Or use ERD/ERS (Event-related

Bayesian,
support vector fixed frequency bandwidth.
machine,

decision trees, etc.
transform), etc.

Use all five bands of 8 (1-4 Hz), 6 (4—7 Hz), o (8—
13Hz), B (13—30 Hz) and y (>20 Hz) or some of them;

ﬁ de/synchronizations), ERP (Event-related potentials),

Signal processing methods: STFT (Short-time
fourier transform), DFT (Discrete fourier

« Artifact filtering
To avoid artifacts in EEG signals by
collecting postural information.
Common artifacts: eye movement,
blinking, muscle, heart, and line noise
Artifact filtering methods: manual

deletion, BBS, ICA, re-reference
electrode, use of band-pass filter.

B3 e AR R A

Fig.3 EEG emotion-recognition flowchart

. _
0H®

OO

._
@
© @)
C@@og
POBOEE

0.0
0

‘,

B 4

10-10 electrode placement system

Fig.4

800000ORe

22
HE
HPO B0 OO O LY
L5 OO0 & ¢

7

A—Auricular P—Parietal

N-—Nasion O—Occipital
I—Inion AF—Anterior frontal
F—Frontal FC—Frontocentral
T—Temporal FP—Frontopolar

C—Central FT—Frontotemporal
CP—Area between central area and parietal
PO—Area between parietal and occipital

TP—Area between temporal and parietal

z—Zero, electrodes placed on the midline

1, 3,5, 7, 9—Electrodes in the left hemisphere

2,4, 6,8, 10—Electrodes in the right hemisphere
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Fig.5 Bidirectional brain—-computer interface functional cycle: (a) positive cycle; (b) counter cycle
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Table 2 Neurotechnology commercialization products

Outputs (bit) Sampling rate/Hz Channel

Application

Product Company Price/$

MindWave Mobile 2 NeuroSky 109.99 12
Ganglion Board OpenBCI 499.00 24
Cyton Biosensing Board OpenBCI 999.00 24
Cyton+Daisy Biosensing Boards OpenBCI 1999.00 24
Insight2 Emotiv 499.00 16

EPOC X Emotiv 849.00 14/16

EPOC Flex Emotiv  1699.00 /2099.00 14/16

512 1 Games, education, wellness, research, develop
200 4 Research, develop
250 8 Research, develop
125/250 16 Research, develop
128 5 Research, develop
128/256 14 Research, develop
128 32 Research, develop

AR AR AL A% R I 2% Al SIS B I 18 264, B
LA R SRR S0 2 4, A SR B ] 52 P At
Jil SR ¢ 22 A MK AN 5 AT AR, 6T
B A TR) AL, 5 1 )ik DA D7 S8 I [ K 5 A R
VAR, BEAT MLV AL AE B DI DR 47 AR B a4 4.

3 BERXRXK

Jigi ML 4 1 Fp A 33 AL A B 1) 0 T
ML, B TR AR B AR, A A A 3R A 5%
SR BT 22 5, LA S R AR PR AE T T A
R, AR, AT DXIORI I B ik
RS, i BT AT DL S on T 2
TFa] 52 T o s 2, ) i RE A B AR RO N
it SR R 28 1) R 4002 1], 52 BB hn 3 25 A k4
(9 I0F 4 5 18 iz Sl AR R RN IR B R 22 M 4%, K EEG
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