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Abstract: Brain-computer interface (BCI) represents a strategic frontier technology driving a new wave of scientific and
technological revolution and industrial transformation. In China, BCI has been designated as one of the six industries of the
future. The year 2025 marks a historic transition of BCI technologies from laboratory-based exploration to large-scale clinical
deployment, with the clinical value of BCI systematically validated across multiple domains and scenarios. The field has
formally entered into a new phase of practical development driven by clinical needs. This article analyzes the innovation
ecosystem of BCI, highlights major advances achieved in 2025, and explores future development trajectories. The BCI
innovation ecosystem comprises three layers. The foundational layer encompasses two pillars: brain science and machine-
related technologies. The core technology layer covers the technical pipeline from signal acquisition and processing to
execution and feedback. The application layer is centered on healthcare while expanding into diversified domains, including
education and consumer applications, industrial manufacturing, intelligent transportation, and military and security. Major
advances in 2025 are reflected in several aspects. First, systematic progress has been achieved in brain atlases and perceptual-
cognitive mechanisms, providing a theoretical basis for BCI. Second, in core technological innovation, multimodal signal
integration has accelerated; hardware such as electrodes and chips has rapidly evolved toward minimally invasive, highly
integrated, low-power, and high-throughput designs; and large brain models have driven signal decoding toward higher
accuracy, stronger generalizability, improved robustness, and scenario-oriented deployment. Third, clinically, BCIs have
advanced from restoring motor, language, and visual functions to enabling precise closed-loop modulation of neuropsychiatric
disorders, while also achieving scaled applications in consumer, industrial, educational, and national security contexts. Fourth,
policies, standards, reimbursement systems, capital investment, and platform infrastructures have jointly established a robust
innovation foundation, fostering a relatively mature industrial ecosystem. Looking ahead, diverse technological pathways are
expected to advance in parallel, with deep integration of biological intelligence and artificial intelligence giving rise to a
brain-machine intelligence symbiosis. Application scenarios are anticipated to expand rapidly, evolving from “functional
substitution” to “capability enhancement” and ultimately to “experience creation”. Industrial competition will increasingly
take the form of competition among ecosystems. In this rapidly evolving landscape, data and algorithms alongside devices
will emerge as core assets, accompanied by complex ethical and legal challenges that necessitate the development of
comprehensive governance frameworks.
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The BCI Innovation Ecosystem: 2025 Advances and Future Development Trajectories
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Figure 1 The innovation ecosystem of brain-computer interfaces

i LS E A R AR R SR RE o

B3 2R B T EOR BRI MBS BT 3
RGP DLBET A% O | 0] 22 70 SR SR I RE A
T B2 7 40T, R 2 AL B Bt 1] WS AL 63
BrEe, EERET AT I H— N IREB &, T
SERR AMGE ) TR SRS R D I RE S
RSB s L IR 42, R IA S A0 U LB/
DMEERI AR AR T VRSN , LA SAARAE |50 AT 55
TR AT IR T S A . A, kb 1 2
FSEHARCRZS -5 A~ > BRI R R
FIRPEREZE SIS, DL Tl il A aEsE
SPNEKES XUt WL R L (NAY) & A
IR /RS IR PR e AR i A 0 i B A 2
Y%,

2 PuiliEOEME R AR

20255 SR MR B I U —A HAT D SRR Y
BT R ARSI P Sl A SRR A iy LA RS
B | A B o i, L R 3R Bl X — U B A e
2.1 BEES R AA R s G R S SR

TE-5 BRI R G Ry SE A 5 3807 T8, 20254F 78
i P =12 3 IC A AE IR Y 2 RO i
Hro7 AT RGP

0 R 9 A R s b S s A
AT S OB M , Sy LA o 22 G B L o) R B2 T fi )
Ko BEHRAE T AT R AR AT A B Al . RFE2S )i SR
A B = 4E S (U Stereo-Seq, VISoR .fMOST)
5T RER A, WP RSB T Mtk 2 3 K
s DN S5 AL) 3] AT AL S A 005 0 i
TR, RGN TR AN RS SR
DK S GE T e, B AR T T R4
TR BN 25 /0N B TR 33 1) 23 1 (oA R 3 s
M PSS b S R R4 100 ) B - T - Ak
—IRAC ST BT B

T BB B 5 32 Bl A S B BILTR 5 T, A% 0 AR
PR R e [0] 40 B 0 5 5 40 i 2 R S R B 4 1
gE4 o BT R R AR (i TEMPOM) (GEVI 41
B ) ST AR AR TR R 2T IR R S a2
ARG TR T OCR R T %A e S
HPE# Z2 TR B A P ] 5 (R, 5 8 o0 B = 4
B 52T IR R T 8- k- 2 2
i) “IFAT- K B0 R " B B A, L R R
AU 5 R S E B A 5B e
OB BRI 18 Bh RS AL S IR LA 1
Hh TR S R B s AR L T Ok e S B )



344 HA 202544 iy fEE R AT AT 4 A

H38%:

FEMGIA I 75 T, e A ML A 5T A T DA IR s 3]
TFHLGI RS RE . Z2mbtR s TR 518
TR R i 2 -1 - e i A 6 4 Ay P 5 i
iy A\ BRG E U RIAILE , BB T O 2 (AR AE 5 il 12
PREFPCEEVE R IUAb , e SR 4l 2 5 D REFR AR 5L 00
R B T e iki- 5 )2 5 sy K [ AE 1212\ J 1
FIR AL A B By BeE VRV T, 328 T gtz bé Rt
7] 3 B B B B s L0 3 s ok AL IR AL
TXEIZIE N R 5 s L A B, A Ry
IR IR BRI A IO L RS PR HE TR AR A . FEHRSR fh
ZEAIUTIT SR T T [ oo i ST 6 2 400 ) R P i [l
VET VR 22 il H R 2L 00 4 o 200 i 20 ok 5 0% o R i
SE R R 1o i A LS 2 3l R T4
2791 Fii DX A 10 i) P 285 SR A, A RGBT SR 1)
Z R T R SRR
2.2 FEMHREIRM S| TS TR AR B LR R

20254F B AL D AZ O BOR E e 2 I < 218
ala A e RIS R EE I AT 2Rk, HL
T[] 15 DA 5 7 B o7 FH L [ % 3™ 1 S 3 s
2.2.1 ENXBHIE O M L6 = 7E [ G KR A A

AL D FE IR R EIE S 2R G5 m - U
KGR, 1E DN SE 5 = 5E MG R S BR i FH . 32
Neuralink i “N1/Link 5% # T A 1244 SRR
FHI T BEAEGDO TSR AR
B SRR S I LEE RS 1) 22 Precision
AR R “Layer 77 B2 4% 3-S5 E & 24
A EHAE TER (FDA) ALV TR i AU s
R 5515 SO 515 H /3 N 1)t = 5 A 1 |
5 BV N A A I TR A1 PRI | 26iE
T S AR
222 FEAN/NARXEVIZORKRATITESEAR

BAAERRH—TIEIE

Pz ARG AKX OE AR S i
BN E AR LG PRI A 70 5 HoR il s 15 21 ok
— A BE, HERE S AR (L) BREIT AR
NEO RS 7E 4= [ 11 52 I Bt 56 ) 3 2 5 5 i 17 £ 3
R s A AR A [ B A5 R ot
J& RIS AR EE R R 2R = R B e S L
52 i E B A ARBCI, 52 B0 8B 12 3h o)
REMEAE 10T JRRAS B T 2B (MIT) 8 1 F 08 11 40
ST Sk IR PN A 2RI R R 25
N

2.2.3 EEAXBENEOEEL SESHELE
5B KiE N

ERA KX D fE R ZRE A S
THPRN HH R DB E R 1. ARRAR
0 AL 32 11 30 e 5 A T 5 K AT 32 (0 ik fL R A
R, @B TGRS A2 3 B AN 2 N AR 1
TRERE . ARG N E RS EEG 5 ThREE T
ZIAMEIE (INIRS) R B LS5 545 6, KiRie s
TREMEHEMEZALEE S . 20254 U
B DR H AR AR AR B Al B L= A R L 1
23 RHEBEOSFERESEEES, IREER

BCLU Fr IE 545 42 i ARTIAE S il 1
Ty Il IR & e o AR AR R T T, v 3 o B S S
P ARTERERAT . B HE KA R 1) R 249
B0 R %:(BISC) ", 7E— M A e LA T
65 536/~ AR AT 0244 [0 10 sl il 15 S 0K
BB e i S E R L i S O T R AR
B BN RGBT B LS R (R4
50 um) , P THEARE 5571 56 5 F ARG 1Y
P G AR AR N R Kb S T Kk %k
JHEBOA fFa TR S eI RERE AR 5 T, R
e A 12830 38 10 530 B DIFE A [ s ] 28 = iy
Loy —), KR G R A T R T
BRI 42 ) 38 B 28 S i ae 200 i e e
RS T = AR, A P R S T A .

BCIL AL R R T2tk 20254, /N L
FONE AT T AW G AL O /PR 2 84 (il s/l
WO ASICE |, DAR fifeai e i i D6 AR i
BT o B, R AR 2R & AT AN_ASIC_01 &
B A, ELAE 6 A o 7 e o AR O A
SORG e TR B 2

TR I T & FHAR B rR i 5 A 3 — 1
PRI, A R il T AL Ge 0t 7 FE D E 5 4E3R J T 1Y)
JRIBR , AN 1) AL A 2 S DR i .

24 KEBRNEESHRBEEHEE BZH . SE8E

{3 B

MG AILEE U5 5 2 i A3 SR S —PERB TR AR )3
KRR BE R Ak | R e b b R B
PE 40 i R R I AE R A R SR BT RS S
Yl B RE IR T, LU )i 5 SN2 sh
ST 55 1) L FHARASAE SR 28,

FE AR AR 5 Bk 2, IR 24 2 5 KR H



BTARAE , 55  0CRE 4 D R AR SR L EE: VB AR 57k & 345
F1 HMEARBREHRRES W R EmAERK
Table 1 Four technology pathways: Representative companies and their product compositions
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Figure 2 Major clinical indications for brain-computer interface trials in China and the United States

Note: One clinical trial may cover multiple indications, resulting in overlapping counts. Data were sourced from ClinicalTrials.gov
(United States) and Chinese Clinical Trial Registry (ChiCTR).
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