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Abstract: To address the reliance on experience-based puncture guidance and the lack of objective quantification of thermal fields during
tumor thermal ablation, a navigation and thermal-field measurement scheme based on multi-source information fusion is presented.
Within a unified spatiotemporal reference framework, preoperative multiphysics finite element analysis (FEA) , intraoperative augmented
reality( AR ) -based visual localization, and computed tomography ( CT ) -based thermometry are integrated to enable visualized puncture
guidance and three-dimensional quantitative reconstruction of the ablation temperature field. Multiphysics modeling establishes the
relationship between ablation parameters, tissue thermal response, and damage distribution, providing energy-coverage constraints for
preoperative needle placement planning. Augmented reality technology supports accurate registration between virtual planning data and
the physical surgical space, facilitating intraoperative needle guidance, while calibration between computed tomography values and
temperature enables voxel-level temperature inversion from intraoperative imaging for objective thermal-field measurement. Ex vivo
porcine liver ablation experiments and abdominal phantom puncture experiments are conducted to verify the navigation and thermal-field
measurement framework. Experimental observations indicate that favorable accuracy and stability are achieved in ablation zone

prediction, puncture path guidance, and thermal-field reconstruction, with overall performance satisfying clinical safety requirements for
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tumor thermal ablation. The presented scheme enables a transition from purely geometric navigation toward physically quantitative

characterization of ablation thermal fields, providing objective metrological support for planning validation, intraoperative assessment,

and decision optimization.

Keywords ; tumor thermal ablation; multi-source information fusion; finite element simulation; augmented reality ; CT-based thermometry
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Fig. 1 Overall framework of the multi-source information fusion measurement method
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Fig.2 Geometric model for liver tissue thermal

ablation simulation

BRI I 3 AL AW BT oR A0 R S L RE B AL 1
1R A BB AR .

(1) L RERE DU

T A vl T T AR AR AR B =X (1) iR
A0 E K EEWR SR (specific absorption ratio, SAR) 3%
EFL R e TR A W) A b B OB % B A Ry 3 4 L
Y5 iIREGG AR R E SCINE(2) FiR .

1

K,

5

V% ( vV x E) -w’s,e,E = jwcE (1)

K. VEORBRBERAT, HIR 4 o 3 78 25 8] vh i A2 A
w, A HE T3 0 AP e NESNBEE e, N
FHXT AL E R o LT3 AR
ol|E|’
T (2)
X p HWHLVEE , SAR 534 HAEDUE T IR R 25
ETPj 2

(2) RS A WAL 3 5 FE R A

4 SAR VERHMEITFE G 5 A Pennes =Y AE T )
PR N ERIR BERET ) ¢ 525 ) r 094840, & SLan
X (3) fw

SAR =

oT
ch =V kVT +p,c,0, (T, -T) +Q, +0Q,, (3)

K ¢ WALLINGE &k WALBIG R p, HIMTEE;
o, HIMEER e, M LGS T, B BKIMIREE ;Q, M
HAURBIIRIN; ., F AR, AR b Rl B IR
I B T A 4 I A G ity 21 2 A0 2 [ R R R
37°C , AR UAARAZ O IR IR EE 4 s A AL 7 Bh A AR
TR AR R A TG B TR R 5T R AR R S 4k
JE e 1 RN B8 IE R IR AR L v AR b i 41 41
HYIESEL

x1 SYEHERPRANEXSHY

Table 1 Relevant parameters for multiphysics coupling model

28 {H I A AT
0. 502+0. 001 3x( T-25) T<100C
HFH (k) Wem™ K™
0.599 5 T>100°C
1 050 T<100C
W kgem™?
£ (p) 294 T>100C grm
47.043-0. 042XT T<100°C
AT (e,) 5 459. 8-14. 55xT 100°C <T<101C 1
16.67 T>100°C
1. 73 81-0. 000 4xT T<100°C
SR (o) Sem!
2.173-2. 173/ { 1+exp[ 0. 069 7x( 85.375-T) ] } T>100°C
3 600 T<100C
R (¢) 3278 100°C <T'<105°C J-kg™'-K!
2 103 T>100°C
N 0.016 37°C <T<60C
Iﬂlvﬁﬂé&ﬁf_‘-(a)b) sil
0 T>60°C

SR T ) UL JRE 7 A DA i PR RT3 4 < SRBEFE TR
FIA Arrhenius $A45 1 F1 73458 50 %) 20 4132 5 B JEE A7 2R
TR & L=k (4) Fis,

Q=AJ[(exp(— E, )dT
0 RT(7)

(4)

A A BRE T O EIE N 7.39%10% /s E, i
TERE R N TIRFEL, T(r) BRI . 2 =1 BB {E X
RE2 63% BN K LE AN AT AL T, al i — 20 € SCRSE 7

B, LIS IR [R) 45 18] 437 Bl [a] SRA A B O A 2, 2 X
W= (5) Fion,



55 3 XK B A5 T 22 U005 R A B R P i S S P Iy 12 237
0,=1-e" (5) FEIX AR THT W S5 22 A0 il i 2 ), WA e vp, LARE AU

AT T AL, P BB IO A R AL X B A6 T, 3l
Sul b E 27/ SR I R R e Y AN R
TRl R A DU 4R 2= AL R, WP 3 4 B, N s
LT RE R SR A AR LRI AL T Y S B
TR AL,

I IR1=300 s B/ C al152
80 % 1140
60 120
g
=]
w 40F 100
201 80
(g 60
20 20 40
0 0 <
Yy, 20 (o v37

B3 s B B 5 o3 A
Fig.3 Predicted temperature field distribution during

microwave ablation
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Fig. 4 Predicted tissue damage field distribution during

microwave ablation
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Fig.5 Visualization of the preoperative planning module

for path optimization
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Fig. 7 Multi-perspective interactive window for AR navigation
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Fig. 8 Visualization of intraoperative CT-based thermometry

and thermal-field reconstruction
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Fig. 9 Experimental setup for ex vivo porcine liver

microwave ablation

SUAYEA [0 07 LTI % 56 -5 S PR AE 7] T X6 B G R
WE 10 Frs, A JURDE RS R R i — 2ok,
20T A T RREASTE AT RS E] N 79 12 A 0T b4
S b7 BRI AR g S I R i ) 1 28 4 X i
25 6.0+3.2 mm,Tj‘:ﬁiEEj:Tlﬁjﬂ 1.2+0.4 mm, #H—%
SIAT ATy ) 9158 25 0 B 2 B R T RIRR I 5 SR 4k
PR Al — 5Pk - (7 FR T BRAR RS R A oy B 2 B
TESEg R 52 BT IE BB 20 R G R IR A St
9285, SE PR AT TR BHRT T 10) 08 FAE i A7 7 A 1 o
VN I ) i S BT A Bl R T A ez

10
0.9
058
0.7
0.6
05
0.4
i 03
_ . 0.2
2 o \‘I 0.1

K10 BUSHRIRSEIX 507 FA U535 70 A % L

Fig. 10  Comparison of predicted tissue damage field and

measured ablation zone in microwave ablation
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Table 2 Comparison of predicted tissue damage zones and

measured ablation zones in ex vivo porcine liver

microwave ablation (mm)
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CT scan and 3D reconstruction of abdominal phantom

Fig. 11
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Fig. 12 Preoperative planning model and its associated

information for puncture guidance
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Table 3 Needle-tip positioning error and path deviation

in abdominal phantom puncture experiments
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Table 4 Comparison of measured ablation zone and

reconstructed 60°C isotherm in ex vivo porcine liver
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Table 5 Performance comparison of proposed method with representative existing works
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