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[ Abstract |

and brain-like research,where the precise implantation of microelectrodes is a necessary prerequisite and important guarantee. With the

BCI (brain computer interface) is one of the important research methods in the fields of brain cognition, brain medicine

rapid development of robotics, machine vision and artificial intelligence, surgical robots are gradually used in brain-computer interface
implantation surgery. To meet the demand for precise implantation of microelectrodes in the somatosensory and cerebral motor cortex of
SD ( Sprague-Dawley) rats, a vision-guided precision implantation system for brain-computer interface microelectrodes was presented.
Based on the method of machine vision to identify the key points of the rat skull, the coordinate system was established to obtain the
point cloud information of the rat skull, to realize the high-precision identification and localization of the target points, and to guide the
actuator to complete the electrode implantation operation. Through model analysis and animal experiments, it has been demonstrated
that the implantation system can accurately identify surgical targets on the subjects, guide the actuator to swiftly penetrate the skull,
and accurately and stably implant the electrodes into the target area, which effectively improves the accuracy of microelectrode
implantation.
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Fig. 1 Quick implantation system solution
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Fig. 4 Key points and coordinate system of rat skull

3.1 BYMERERGHBRSERSZRERE
T Ab 18

G, U = AL R AT B P sk B e
AR BB R N 5 (a) i, sh¥ e 2 1 &
GERESE—E RE B T 32 B A AL EF ) H A % i
B R I AR i Sk B 3 (L7 B A S B L, 4R
) DA O ER X I, K5 (b) Rk S
2 JORGE A LR = A 4 A A RGP R B R AT
o H 5 FE R X3 5 F X 41, Ja S A B b Sk it — 25 1
s L BE, XK BE AR S AT O AE Ak Ak 34 F)
B 5(e) . T IR )60 28 B 35 7F e 48 B 4
I, SO HE TR R B ST R B B AN A AR B
) 1 B AL Ak 7 3k mT e MR B Rk, I,
SR 3 I B A AR T s K R 43 N X
B, IR A I B = B BUR = A, DA
BRRT FB 2R TT A AT BB TR, E Bh ) P s = 1
SRAE S AL PR A I FH IR G 2R 2 v X P B o s i
T HILL S MAEEF R s b e R U B S =
3.2 Z#HBEFHYMBEREINR.,GFRNENLL

BT B2 EXTETX A XA E X, 2k il
WERIUA T ERAG IS R A A 2k SRR EE S 2R
N4 A 2R, LSS B SCBERRAE A 0 RS B 15U 1 D o2
P, i BRANE 5 (d) FIIE 5 () B, % e 2 eIk 4%
B NS48 B 2 o 0 R 00 5 A7 M R 40 1, BIF 9
BB T — PR B R a2k i 40 it 48 5 1S eIk
HELR LA 2 28 558 N Bregma f, 515 A

ML www. stae. com. cn



B R 5 TR

670

Science Technology and Engineering

2025,25(2)

FHELR ARG IR 3E £ E 2 Lambda £, 52
SR, 2 AL REE A AU S iR 3 Fhag R4k,
I HUE B oK A5 WA 8 A9 32 A, Bl Bregma A5
Lambda 55, It4&, 715 Wi EE P %78 Bregma 55
1 Lambda s 5 ER A bR, Q0181 5 (e) firas il i 4R
BOH T EMGCRAE RS H AL Z [ 58k B S E R
] LIHESE Y Bregma f5. A1 Lambda 5 A9 37 4K 25 [8] i
B RICAE R 5 () e S s,
3.3 == HshaE i = EAE it

TEfE A bR R, AP Bl 9% % B 7E Bregma
Lambda P55 EZE |, #f2 AP )5, 75 227 i [a]
TAT P U — XX B, R BB ML Bl 7, 4n
6 fi7n, B JeE L— AT Plane Q1% 1
T AP Hli, %€ X Plane Q 5/l H 1 =382~ Curve
S, IEH Plane Q b IH 55T X A5 X 1% £k 1) 28
FONRLOAER, 248 RS DU KRR B 3231 e 5 =
F A, ML A 5 ) i (85 AR s A 58 T A Y
— X JUXS PR AL ML M2 € . JeJa iR A7 T2 A
ZALI], R

DV = ML x AP (1)

WaE BT AP fili5 ML fl T 7616 1 DV 4,
IFH =R B AR T — a5, B 0 2 ol Aor
T YRR R

A ZR G0 F) FH AL i A B A o KRR A 5 [
A7, FEAEA TR Z 1085 B0 400 Wi 38 7 25 ) 4 22 /K
(] T PR A A4 2 S 15 0 T P A I RS X1 RS
B = AR bR , K 30 i 13 v B B G DX A T
B A R g B AR R B PSS APIT AR,

S Curve S

Lambda -~

Plane O

K6 shfod iz A 24kt

Fig. 6 Spatial pose estimation of animal skulls
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Fig. 5 Image acquisition and recognition and localization of the anterior and posterior fontanelles of the skull
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each coordinate system in the workspace
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