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A computer-assisted needle insertion system and a computer—a551sted needle insertion method are
provided. The computer-assisted needle insertion method includes: obtaining a first machine learning (ML)
model and a second ML model; obtaining a computed tomography (CT) image and a needle insertion path,
and generating a suggest needle insertion path according to the first ML model, the CT image, and the needle
insertion path, and indicating the needle to approach an insertion point on a skin of an target, wherein the
insertion point is located on the suggest needle insertion path; obtaining a breath signal of the target and
estimating whether a future breath state of the target is normal according to the second ML model and the
breath signal; and outputting a suggested insertion period according to the breath signal in response to

determining the future breath state is normal.
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SYSTEM AND COMPUTER-ASSISTED NEEDLE INSERTION

METHOD

[P S0 )92 Bt —F S A Bl B A $t 2 A0 RS B B A #1504 - B8 R
BIASt HZAEE  HIEE a2 B E A DU a5 B2 H AL
MEERETEREEZBEUR ARG - WHRES —KE2EFE
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V% P R L 55 i L R R A BT R ER -

[ £ 32 JA computer-assisted needle insertion system and a computer-

assisted needle insertion method are provided. The computer-
assisted needle insertion method includes: obtaining a first machine
learning (ML) model and a second ML model; obtaining a computed
tomography (CT) image and a needle insertion path, and generating a
suggest needle insertion path according to the first ML model, the CT
image, and the needle insertion path, and indicating the needle to

approach an insertion point on a skin of an target, wherein the
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insertion point is located on the suggest needle insertion path;
obtaining a breath signal of the target and estimating whether a future
breath state of the target is normal according to the second ML model
and the breath signal; and outputting a suggested insertion period
according to the breath signal in response to determining the future

breath state is normal.
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[ 23047 ] COMPUTER-ASSISTED NEEDLE INSERTION

SYSTEM AND COMPUTER-ASSISTED NEEDLE INSERTION

METHOD

[ 4% iy <5 35k ]
[0001] K45 52 2 Bf 7> — 18 & RS il B AL $1 2 40 A0 & RS o B AL 81
Jik e

[ 5 A4 i ]
[0002] [ & £ 02 B RS ET & % %2 ( computed tomography -
CT) & E & M AT iE 2 N A $F BB O8 @i fig (ablation)
FFMT o AW B CT 2 Gy FiloF 4L — S dh B - BHIKER - 12
AT N B A ST F AT o BT 5 AR R IR S B S ET ) AT Y
irE ~ AEBURE - I EAYASTIRE A Sng2E - [N > 2 1i0# A Ae
T EM AT 2R CT 26 LI {E Ry B flo & IR A SRR Ry 25 - 40
b - 2000 B 2 B EE AT I B A e A AR o BEh 0 S2la o BY IR Bl A T
e Bt M B A RE > HWEEEREEREFRE(Y
fa TR 2K AT Flg o F-lg By JE b = mE N e B PR 2R T 38 0 -

[#FHNE]
[0003] A {552t — MBI A St R A MERGE Y A St )77% -
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[0004] A#5Fay—tEEHGE A ST R4 - B ARG B - B
WA ASt ARG U RHEFEBU A S - FERRBHTFE S
SEFENDI RS SR EE - ST EE o m
s ELE LT UG BN ETE R E 2 G U R AR - I HARE
FoERERLY BEETEREZEURASREELEEZRA
TR IS Wi et BT HIRAYRE Y A St H o AR
R AR UG BIRAY M R E > IR RS iR as B E A LUK
U SR ST (5 5 B IR BV R KPR IRGR R & IR DU B IER HET R
AR ORI RE IR - AR 8 P O 50 o L T2 5 AN BT Hep B o

[0005] fEA#ERY—HHEOIF - Lay s — a5 22 H A &R
& Q-2 F A -

[0006] feAtgEeny— & pld - EuliAy &S e
$E - BEERE AR EEYG

[0007] fEAEBH—EHA+ - Eufiay Q-2 FHEAAYKEE
THRREE S S YT ARMYSE — R - IR AV S AR LUK H
VIR SR = AR -

[0008] frAtEEEHY—E M H - Euay Q-5 % 15 A Y 43 By A I
RIS EDE G 2 — 55— RS = AR ZHAYSE — 5B
— AR~ B ERRSE = EEARRT P R B AL R A SRR 2
A7 A B ) B LA SRS 2 M0V 8 i 55— BAEE L EN
MY ¢ PARSE — EAR B R 2 HY 55 — BB A -
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[0009] 7rA#BEA—HEO T - LAY ERE AN ARG ER

eSS o Wt as M s K B s il S s il B i
PR T o oo R B S A AR U 3% 25 (A4 © B T B DU H £t
B Hir Q-2FEMUAEFEFES THBFERE « T 50 RHE

BIE -

[0010] frA#BBER—HHEOI T - LAY EEBFREHFEES b
O ER Q-2 EBEMA REREE Y R R EERE{F - I BRI
BIEE Q-2 FIEM VAR IR Q-2 FHA -

[0011] FrA+ Eay—F a6l - bl f B B 2545 15 55 0 /Y IR 7k
TR TE R A SRR -

[0012] frABBEH—HEO+F - LHEAERFE S EEHE
Ry o B o oo g B AR O A R 58 S e on MR IR T B AL AR A SR ER L
SMEY R R RAFA IR -

[0013] frA+8 B2 iy — & i B o - b it 59 s R 25 B 4K B0 B DA AT

MBS BERAESF R A - 3 AR R 25 0K 88 178 E B
R bRF B+ AR 95 HUBk By B BB O B TGRSR 0 DA Rl L BB [ BT SR AL
PRI EH BT o

[0014] fEABBEBH—EOIF - FAABEEFEBERTES=1H
s 52 EHE A Hoob i P G5 B AL G B AT ¢ B PR IR R ST 1 I L R IR
S8 NES EENUEE  URBLEERER IS 8 HT
RN SR AT R B EE M L E E IS 8 ERE =G 82 E
F5 AT T AR 95 I U 2 B~ HRp IRk 2 B DL R AR 2 BHT B B AR RY & B I
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R RE & & IR DA BN & IR AR IR 5 - 5T B ARAT R 2K
PRI AR RE R & IR -

[0015] frA#BBERI—HEO+F - LN EL B HERSE —F
FEAERISE — T IRAC LUK SN S = T EARRY S 5 1Ra0 » H g
Hegaa T EbHP Z — 0 B -5 ERAL X #RVE -
B R TREEL YEIRE UEE S F—TEELE ZERE=
EE F—UBE FUBEBEURE=UBENFE —HMN: F
R X ERVER U R E R T AR YRS AU E
FTREEL ZHEANUBE FIUUBEE - FAUBEDR
FANMAEERYE G ¢ PR S — @B N EY G
[0016] 7 A 45 B2 Yy — & Jie (] o - b it 9 pik B 25 58 &K i & DA sk AT
LY SR ik A B AR AL i AR 4 B 3k 2 B DL RS 2 B BT H AR AY
RARTEIR IR BE 2 & IR -

(0017 1 A48 B2 6y — & He ] - b it 9 plk B 25 58 4K i & DAk AT
PRIE PO GH SR H B 5F R IRRI i & > L HARR 18 & 8 E Iy 3k
S8 MR I 3 2 BUE 4 R BER IR 0 2 0 B R A B B 3T R /N
By B AE > iR B B2 55 B W R A% 7 B B2 0 DA R AR 98 I IR A28 00 B B R JE 7
rfe A\ BT B EZ

[0018] frA#BEAY—HEO T - LayEEFHEREFHES =%
oy B2 AR AL > o pn PR 2% B SE D B DABRAT ¢ U S HE 7L I IR 1% Ui B
FEHY S R a8 5B I ER SR R A SR IR 2 B IR SR
PRI GHIR B SE R U E  WHRES U ER
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M8 ANE MBS ERUMRES _FRSE - F RS
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ERAIPFRGIRRE IR o RE P U A B B s B R SR A BT ER -
[0019) 7EA#BER—HHEOI 5 - LAy R SRR A
Fe R TE #t EL A2 B i 6] DL R gt HL A2 SheE i - 0 H B i $t B2 B
LUk 1 B 4% 8 #E i -

[0020] A58 6y —1EEHGEEN A$T 705 » B ARG 8 B - EHE
MBI ARt T AEE  HESE - REE2EEH D KE s E
BB ERERE B ARG LHRES — K82 E
A BRETEREE B R A REELEZR A SR WG
TR HIRAY R E EAY A SR o H AT AL A $t R A 5O AT A0 AR
AT B R UG B R HY PRI R GR - MR IR 56 1 25 52 HH A DL R IR
s S aT B IR BV R RGR R & IR ¢ PUR B 5 H B R 20
iR RE IR & > AR 982 P R AL 9% iy L T R A BT HRp B
(0021 Eph bl - KAgEE W] (¢t B 841 H R | LAy B8 A §t
B o AT Fr O] AR 5 1R A8 B2 Il H B H AR RV RGIRRE R B IR o A
1B FE B AR B PR A AR SR K B B AR R R A R R 0 B
Fk JE ONT 3 AL P U A2 0 B B AT A 8T 100 -

]

e

X
l

QEEENGEEEED
[0022]

55 H > £k 23 HEHRAD)

110136416 FEESE A0101 1102053955-0



1792592

1 AR AR A ¥ Ba By — E B () 48 o — T BB RS i BY A 81 R YR

B E
B 2 MR AR —EH Mg R HRET AR EH -
B 3 MR A SRR — E e B4 o — B RS B A BT T AR
T2E -

A IRBE AR FEN —E P& rn 2B S320 R EH -

5 MR A TS B #Y — E i f 48 o< 20 B S330 By AR -

6 TR {2 A F8 B By — & HE B 48 n R SR R R B E

TIREBE AR — A& rn iR r EE

8 RIE A HE B By — E it P 48 R BRI R E H -

9 MRIE A8 BR By — E HE § 48 /< 20 B S340 By AR -

10 R 4% A8 85 By — & i B 48 o — T B I 4 Bh A 81 5 7R |y
SRR E e

(& 5]

[0023] & THEARFHIASTUKES ZHE - LTRHEEK
PIE B AR ERABELLEAVE P - 554 NLATFE 2 B » 12 [H
7 e B U7 2 o 5 M B AR SR RY T AR AR 28 B (R AR M [E 2O
L

[0024] 1 AR A1 B2 By — & B B 48 /s — M R o B A BT 280
100 By R BB o EHG B A ST &40 100 0] A p #e il g1 B - H o1 Bt
BT B AT E T o BINE I A ST R4t 100 A A8 A8 o B i
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FE RS G A - EISEE A S 248 100 TR EEHEIE 110 #7F
RS 120 DL R UL 388 130 -

[0025) EEEHZE 110 45402 o o g% ¥ B 50 ( central processing unit>
CPU ) » B2 Hfth 7] 12 2 AL & — % F 28 B0 R A 2R A {428 ) BE o

( micro control unit > MCU ) ~ f{EE # 28 ( microprocessor ) ~ E {7 {5
Hipa FE 45 ( digital signal processor > DSP) ~ AJ#2 (L FZE 25 ~ R5 Ik
JEFIfE B8 & % (application specific integrated circuit » ASIC) ~
f/ iz ¥ 5 ( graphics processing unit® GPU )~ 22 B 5H 5 i #2 25 ( image
signal processor> ISP )~ & {5 & 7 B8 50( image processing unit> IPU )~
HEUEE B oC (arithmetic logic unit » ALU )~ A2 BRI E

( complex programmable logic device » CPLD ) ~ ¥ #5 7] #2 =t (L, % #5
[ FE 51 ( field programmable gate array > FPGA ) B¢ E AL AH LT 24
ATV S o FRERES 110 MR E A 120 DR IS S
130 3If H 77 HURT AT 68 7 70 8 A L S 120 o iy 25 (il AL 4H A 5 7 Jige
AR -

[0026] REFEAS 120 602 (F 7 2 e Ay B 2 22 v] 12 8 X ey B
AL 848 (random access memory * RAM )~ MEZE L8 #S (read-
only memory » ROM )~ H B 50 1% & ( flash memory )~ i@ f% ( hard disk
drive » HDD ) ~ [H fE i ( solid state drive » SSD ) s ZH (LT 4 2

ATCHERYEE S - AR EEE T M EE S 110 #ITH 2 (A E4H 0%
IERER - EAEROI T - FEER 120 JFFESREEE
AL 121 (M ' 5 — a2 EHE > AIREEASRE) - #

7 H 23 HEHESRHAD
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os 2 E A 122 (U Ry B RS EEL - AR AT HES
RATFRREEELETE ) RSS2 EHA 123 (A T F=1
s 2 HIEM - R HEHREONE R/ RAFEREESSIEE ) FX
{EiEaH - HIRER R &k A -
[0027] U3k 2s 130 DA &3 B0 &2 0y 7 =03 0% R B UER R - U e
a5 130 22 1] DLSh AT B a0 (g B2 50K ~ FH BT UEfie ~ PR AR ~ R B BRI T
PR W~ TR~ BUOR DARBRCLRY B F - Ra B 5 110 A] 4 4B U 3% 45
130 3 513 #2 2= A DLPE il $t BBy B 5 -
[0028] 2IRBAH B —EHE O~ HAR CEI 224l ) 20
EITASTHYREE - K TE 30 alE & AREE B 40 BYRA
o B RS EHEN A ST Z 40 100 A] i B oty =& 22 SR B 30 DLk gt
B 40 gyt 41 8 A HAEYI(F 60 - BIEYI{F 60 (402 HAE 20 2
RLESREREY £ a0
[0029] 3MRBEARER —EHE g~ — BB A S &
Wy ieE - H o Pt G E B A st AT mATE 1 B EY B RS
B A ST 280 100 B - A2 B8 S310 off > g HH 25 110 2] $h{T flo A A2
P AL ER S320 o - BRI ER 110 A fTilr PR fF - AE25 BR S330
o B A 110 ] AT$F B PERIRE 7 o A2 20 B S340 1 - g H 25 110
AT B IERI IR -
[0030] EREEES 110 ThfTilTATAE /5 (Bl @ 2B S310) DLEA CT
e o BRR2KER > RBEs 110 AU 34 130 HEalEH E CT £
@ WHER CTRERBmeWmE AT 20 LEL CTE &

58 H - £k 23 H(FHRAD)
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TG Ea& R 20 2% S0 LK BEYH 60 - IRHEES 110 7]
HCTEGBEEWMBEWNCTER -

[0031] EREEES 110 A THTF 2R (B @ 22 ER S320) DIfE R$t
B 40 2T HAZ 20 YR E 21 EAY ASTEL o BAEEY A BT BE 0] i 7Y 2
Rl A BTRRIE 15 R0 21 YA ZC e - Ra B 65 110 W] AE A8 U 3% 25 130
R R AT RIS 15 Ut fE T & 2% - B 4 IRBEAR BN —EE
pleg <2 Bg S320 Y M ALE - 20 BR S320 w5 B BR S321~S8324 -

[0032] 7:25 8% S321 & » FRELES 110 A @ BUL 388 130 #EUy CT
R LR A SRR 10 - BBIZKER - mBas 110 Al @ @mug3Eas 130
LLE CT 2 G@e Ul CT &£ & - BHIZKER > B ilT & =T 35 1F & i

BEE B ASTIRE 10 - B ES 110 Al Y38 25 130 DLE At

Uiy 5% B UL A ST REAE 10 -

[0033] 7:25 8% $322 & » FRELES 110 o[ @ AU 388 130 i CT
R LR AT EETE 10 - BAS2KER » mBas 110 Al E U 3Fas 130
MANEE 2B R UER CT R HREl=E2% - itz T iRE

2R S PR AR B TE 10> WA AR A BT BRI 10 ££ H AR

20 By 21 A5 EAREC S0 - d0ME 2 Frow - BB EI2KER B flg & A A

ABHEETE 10 BLZR T 21 AYFE AT G F AR 5D 50 -

[0034] A2 8% S323 & - fEAEE0 50 gk H EHE 20 & » REE
110 mT#E4] CT &2 & i H 12 20 DIRG e & B 20 - 15
50 L HIEYI(F 60 0y CT #2218  pa B 45 110 nl 4 B Y 3% 25 130 LA
HCTERBEZWEWMIL CTE2® - £—FHAIF - mHEE 110

B9 H o £ 23 HEHRAD)
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B SRS 130 & CT & LR AR 10 fa 28R - B
Toas 1 BUR CT G LR ASTEE R 10 Dlthifle &2 % -
[0035] fr2tB% S324 o » FREEES 110 W R4E CT G LK A $TES
€ 10 f5Ret B 40 0y S0 41 BEAT HAE 20 09K E 21 EAY A $HEL
Hor At A st B AL BRAREC SO » HE—EHE B+ - B 25 110 7]
B s 130 F R R & (B4 SR B e R E )
o B A2 R B AR AT R R B4l & R (E AR T 30 DUEE ST B 40 BYST
41 PEAT A st EE o AE—FHAI T > REES 110 A AU &S 130
HEAE S E WM TE 30 LLEHIST R 40 FELIHE ST R 40 By$F 4L 4
PEAT A BT B -
[0036] HAS7KER - FRHEES 110 Al iRBHEEE2EHEA 121 - CT &2
G LA R A St BRAE 10 DLEE & e A SRR 15 > WfE Rt B 40 By$t
g 41 AT ASHE - Hf CT & e IR 20~ #£3k 50 LIk H
Y 60 - A St EE A fr 7Y B aE A ST BRI 15 - MR a2 EHAY 121 1]
PLUET EEE (reinforcement learning ) A o IR FHEHIF - #
es L2 H AR 121 5K Q-22H (deep Q-learning » DQN) A -
[0037] #R#E Q-B2HEE L - MR EEA 121 (EEUWRE A
(agent) H[HEBEITEI(EHE S (setofactions) A FHYE){E LLGEAR
B G (setofstates) S PHY—#ARFRE L £k e LS S T HY S —
{IE 7R BE o A — &l 55 € HY AR B T 04T — {i#l h 1 B > B 2 B ACEE A AT HE
F—(E5EE (reward) - RS2 HFHHEM 121 WEZSHARE A&
HEs 110 Hi -

I

I

510 H » 23 HEHRAS)
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[0038] #EZSE2FIEAY 121 HYRRESE & S HHVIRRE O] & & #4241
HYRERE ~ HE5C 50 YRR ~ HEEY)F 60 HYBE R BT H8ED KRR
Tae S THYRB A HIENEHFZEE A (Cartesian coordinate
system ) ECVUITE; (quaternion) - HEEF 2 HHEA 121 (VEI{EHR & A
FHIBE R B ST B 30 ARG EIME - BRKTE 30 & —
B 2% {8 5 671 > Al A7 220 B 71 Bl 1w 28 il B Ak =B 30 Y — B0 2 (1 B 77 -
FED LT L 41 (YR - ERFFEENE > BT ERBHENEEEH
W =& 30 BB E > BIfFES A T EaHEREKTE 30
Hy =T #EL (singularity) BYEAETEI(E -

[0039] MEesE2 AN 121 frE eV EE AW (1) f52
2 (2) FoR - Hofrs Ry BE DY IS R BE ¢ 69K B8 - a Ry ¥ HE Y B R B
t VB n R B E A IS BB ¢ B3R B > Q B RAE 2% B ( expected
cumulated reward ) % - SRR (1) ARSI - 1 A 7%

(2) MR E] - B2 B r A (8 A5 8l Sk s B - 80 5 B 2 158
SR HYHA S RABAE B ek By Q- £ —FE H B o - W1 R SR B el 8
Q T By FE AL AR - PREEZS 110 [ AL UL S B R AV AR BE s, ~ B (E
ag > BRI R VB AR > BRI E S TD

( TD={(s, s, 7t,Se41)> 1<t NP WA IRBFISHES TD FH N
EREA (N BIERE) ks 2 EHA 121 iy HE RESEE R
BQ wmyuE=s (1) Frm -

Q(span) =1+ rgg}Q(stﬂ»a) ..(1)
ar =maxQ(s,a)  ...(2)

B 11 H o 23 HEFHSHED
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[0040] pREE 25 110 S]ARME A AR BE R B B o A SRR 18 15> Hp
E R A SRS AL 15 HIATEIRY A ST B 1E 10 HE fi & 28 AT A SRR 1S
10 > FFEASTERE 15 gEBERRBENE Q B AL
10) - 40 2 Fios - BAeskar - mEEs 110 TR\ TR (2) &
{E$t o 41 HYERE ~ $R50 S0 BYEARECH Y1 60 BYRERE - DUE £t
e 41 AT HIE 20 BYRE 21 EAY A $HEL - G140 > RREs W] Ry gt 4
A1 BYEERR ~ 50 SO BYEMEE H IRV 60 BY FEAR AL I A ES t BFHY
BB e S5 #hAe 41 BYREAR ~ HEAC S0 HYER B H IR 60
YA ] Btk RE s AU eR B FR FR 25 110 A AR IBARRE s R E — B fF ap
femm RALEFN Sy E RimERE Q- @M a5 110 [ REFE(F
ac W AR RE e LU AR B8 sp4q » FHEE AT RAHY D BRI - B &HY
KRS s & 2 R R b - thEl/EaR > #t48 41 BYEEAR ~ #2530 S0 Ay &
TR BIRYI {60 HY FEAR AR 22 B i (L - (LS8 Bt o8 41 AYREER -
WAL S0 HYEREE HIRYI{ 60 HYBEARRY R E1R > KBS 110 7]
fRIZ SR 41 VA AL - 1250 50 BV (LB RS H EY {4 60
HY B EEAL PR AR R 8 R A STER IR 15 - BBPIZKER > $15 41 BUER £ 1E
BERR - FREC S0 AR (LR H RV 60 By RE(LEE=4H
SH P RR A BT ERAE 15 -

(0041 fE—EHE@Id - FREEES 110 HJ @AY 325 130 f H B
as 2 HIER 121 B RREE FHBERI 25 BRG Il E - FEil &
RIS B E MR EHM T2 30 DIE SR 41 B3 A $12 - (£—
BHAI T o s 110 a8 U SR a8 130 X HER 2 TR

B 12 H o 23 HEHRAS)
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121 B R B BB 1 Y45 < B BT B 30 0 75 DU B IR T 30
B BT EL 40 LURESE 2R 41 BEIT A 3+ 85 -

(0042 f5—BF (il » M S ER 000 121 F M o A 7 BF 4
41 B9 A EL A 60 G A8 T B o 2 T BE A - B
H W Y (AR o AU EEER 0 M ISR 121 By R o] A 3
SRS BRSSO Q0 M P FTIIE B Y Q T R/ME
SHok 41 BLE Y 60 » RIAIRERE (SURGR © & —PEEE ) -
(00431 fo—BF (il » M SR ER S 000 121 Fy M o A o 1 5
B 5 B BTAEEE SO MY ASHER IR 10 2 RIA A » Kook BRI 2 1)
O] B e 41 fRE AT FEED SO A9 RE I EL B IR 60 B RS B AT
B H B fir [ B o 5 O D o A D M R o R ADT AR - M
S AL 121 B HEEDTT R R I SRHA S B R ASIE BL Q o HoP R
AL HA S P R A T M Q T (AR 41 - FE AR 50 DU B Y 60 Fi
L 9 4 BB A BB T 10 AT o A — BEHE B P o H S5 E T A 121
1y 5 D T B T O o A 1 B LA B R AR 10 2 R A BRI (X
5T 55 R ) 5 T O o A D R < R AN AR
eSS ER R 121 ARSI I AESE AR 41 - R 50 DR B M 60
P 4L B 9 4 B VBT A BB 10

(0044 f5—BF (il » M SR ER S M0 121 F9 S o] A G 7 BF 42
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