1B

PR Y/ELl

2

TR




R TY



s

JRF 10

® 5t e rMtL, BirieSy
M%%ﬁ? R RIR S S e

Eig (Bragghth4e) , X4 17 | @ il

X i B A AL 3 PR AR RW WMW

?aa%f J s %E XJEHL)L "o i y

® Iﬁ? ﬁthi‘ﬁ?%m%ﬂﬁ*é 11 515 MVSE RO, SOBPRT
YA R (R 11|§|’jRBE) S VR PSR A 789 T8 T R

A BRI AH SR LR A

j.




Magnet X: f,
Magnet Y: f, . W
E TO T10 T50 T80 T90
| PRSI EE Ry 22T EE el e - ©  © ©
Deform Deform Deform Defo Deform

eform
vectors vectors Vi
)

i : . Nl 4D-interplay dose [ :
i it IMPT treatment plan simulator 4Ddynamic dose
K - Spot positions distribution
T , - Spot weights
(b) (c) //\\ T// \\

IR T " \
5 * v \ \\,/
i . b Breathing pattern
it ] tH

3.ET4DCTRIADSAGT R E TR

(d)

5.Gammays AT 4. FrepaintingBANFH 1 TITXI 553




B FTOPASHIBF T RBPF
REHAHR

;IJ‘IJ\HE 100 |
§60
AN FXIF 2. BT EAL# . Bragg Peak o wf
H A=A, G R . L R v
J5F U H R PR M 20
WP GEIRUIAR. ERBE) , 4k & MR I XS FR B3 —
. BFRIR Lo

WEFENT % WET (DS) « P4 (US) R (PBS)
AR ik MCRREHL CpFEAR Y | s N 88 T %)
oUW L (AU R, CR39. WENDI-IL..., fEi: #EBonnersk &%)

- BITHK
PL— 31 B 22 Lo FEX R, XPBSAR 20 N IR AR i AT VPG (RERE. oAy SEm[A]
=) NIRKTAERERS RIS b e RN IA R R CRATIE) . S i 1)



B T O A

BB TR

FHPL

HRR R



Lot

i

- ETATERN EENBUT
\ J B . R

RBGZBAER

Al —
Ly

St

— 1k

By —7U

T R




HBRER. HRECHET R

HIRIBITKVCT F10RIGITKVCT
BEEVRIT T, BEMEEE B, YIGIETT ARANER, HEE R, kT

SEUERAD
O, TR

SRIUH B
oW, o3& TARE

MVCT



TR B RIT %

>

MVCT el e, ASm KVCT S i, 5l




213 Cycle-GAN EMVCTSRE{AKVCT

> YIEEiTitz » Cycle-GANZ5iS =53

304 B2 ToMoBUT I |
BIRE B

l

B E R

T
) 4 i 4
!
i

MAFLHATIIL |

> 2843 PRI B2k (Training) A T (Prediction)

® |t fit, MMVCTHIKVCTHHEEN6A X 64 X 64[\HL, FHdid A p s r= 4 A0 B (1)
A REE . A EME A G a0 A B e A AR B G A AR

® HilliLFEF, FMVCTEBGR I AN ZRIr i v, DU A A0 B Ok VCT B



MVCT5|&Ri F“ESZT'FFEEEAEECT

E{& AL

4 n

512X512XK
spacing:(a,b,c)

FoakveTR (2 INEEE

512X512XM i 512X 512X M
BR520 =

spacing:(m,n,) - spacing:(m,n,)

JRIAMVCTEI R EORFEKVCTER

FHRCTEIE

—fat

Srb SikCT

SKIX S ik

g iz

a:




BT SR ERENE XSS E(S
THE=HEE

550 B AR

PR

GRe A PRI




X ER ML RIEE
CBCTSCTRIEIRES ERFRIRLF

(a) TETEIH S Hi:

SEOHEREmM
SEOLEEm
menitEge) [ wasio > =i - T mameR [ meso
2EEES P
(b) ECitEJS 4R () He o B it
L Lsim EAEHO REEAHO
AR m BEES el tamec || smuemem el temsc [ TER
2EE g SEAENS EoAE R
AEIEE AEIEE L E2ad L AEEE * []
s(f) s(m) m-®
R _— B
TIR.m B '- R:T-m
L‘/ﬂseg\<
\/ = EEED | »|  ppEED |
[
A
16 bl 2 32 32 el 32 32 32 16 tl 16 | 3 fe|  mmme
18

114 1/4
i 1z - 12




H 302 EE &

NTEEX 2yl 5 1R 5 H R 2, 2677 R A i 261+
N2, FERFTEEUNE, ) SRR T2

H 32 B 7%




BFREFINENAE

N
- | DL-model — W55 |—| HZh/A H




IR E 7

LU 2L SV 2 A JUSSENEH

vt EAN TSR =R, AN TASUMT, KA T2

PRI 5%

BN

> AR HHE A F01 45 5 F000 77 B o AT

Dose




ar AT

giﬁ'&rﬁﬁfﬁiﬂ CyberKnifefJ57=FR
£  MBEAMNrcRIFIEISIE

A ,,i FH R D

CyberKnife 2 4t K FH /1N 5t 7 it 25 2 JohRd HEAT 3744 58 1) JBUH I
7, R EINE 5y T U R AN AIR S BLACER I 25 9 Jog
IRRIRZI , 2 R IR =N E . THE LG X . A 7T
il 1 52 it CyberKnife ) Ge i 2R 1B B AR 2R &=, RAVREE
I TTEER B AT HOT TG E TN, [R5 58 2 T 45
RAERTE, KRS R BT R R A AT RE. %
W FCRIR BE 22 ST BINBOT A E, R 7RO TR REER, RN 4
ﬁ@%%%%ﬁﬁﬁ?ﬁ%%%@@%ﬁo




B REFINRIEFUEAT

XUHEFR

1. BWREET =4 E % ST R ) Tomotherapy )
B

Model / Model I Model Il

—_ 3D U-Net 3D U-Net 2D U-Net
Training-patch size Training-patch size Training-patch size
(128+128+%48) (128+128+16) (256+256)

~| DL-model

WIRESECE S



B REFINISFEEHRT
IR

2~ HUHE FEX) 3 % B £ IMRT 7 & TG0 ) 5

Absolute errors on Dpyean

]

PV + OARL+

- | DL-modef—

Dose distribution

Hf{z 8
(HARER, POR)

% of prescription dose
= °

% of prescription dose
o

o
n

e
3

-
x

~
x

=

Absolute errors on Dpeqn

P

Q&S & W
¢ N 0 ¥
Q‘é’ .(\’p 06 Qpb*gp& .‘\99

Y &
d o
y

Absolute errors on Dyean

W Experiment 1-1
B Experiment 1-2
W Experiment 1-3

W Experiment 3-1
M Experiment 3-2
M Experiment 3-3
W Experiment 3-4

“% of prescription dose

% of prescription dose
=

=

S

~

o

Q

2

)
“y(&

&8Py

00

&qp f@g«
y &

& ¢
«°‘° q"e

Absolute errors on Dyean

s

=

'ad

W Experiment 2-1
W Experiment 2-2
W Experiment 2-3
B Experiment 2-4

B Experiment 4-1
B Experiment 4-2
B Experiment 4-3
W Experiment 4-4




B REFINFIETUERT

XUHEFin

3+ T2 A0 B SR VMATHEAT 771 & TR B 5T

— meta-learning
---- learning/adaptation

VL
VL,
VL g;

ra ‘\'\.
(b g
Figure 1. Diagram of our mo del-agnostic meta-learning algo-
rithm (MAML), which optimizes for a representation @ that can
quickly adapt to new tasks.

AR EEE: A

VISREEE: AL WEEEE: AR IO+BFIL IS EEE: By




—. BEFFREFINIEIERMR

Xl
1. ZTROIAERIREFEIAAAF B EE L
AXB AAAvs AXB Improved AAA vs AXB

— 3D Dense U-Net

/1

mall Intestine

WIRESECE S



<>

cT
i

256+256+256
R BEE=Xmm

—. BFFREFINHISIEEHR
XUKEF
20 PRI S B A

FI 8 R

=2Xmm

FiI8& S BB =Xmm

il

s

128+128+128

N4

7

|&
B

iz

2561256256

BR R FHER

£ B, £

Beo 1 B

WIRESECE S

Gamma passing rate(%)

()  Gamma analysis
100

8 Benchmark
= MPS

| 3D-Unet
MR Interpolabon



=. BEFFREFIEETNAR
SRR




BFREFIRERMRIERRSRCT

K& E=
SRR - T MRTSTRUCT
MR. CT. — Eﬁﬁ%& i — EPﬁi%ﬂ\Xbogy
RTSTRUCT /) i - F- 3]
(X
- N Ua_‘/ﬂfn =3

R I| \ AR T
= e | PR MRAICTSL

1.21(0,1)

Y

CTERUS IR s VT BOVEEI/EN, MRIG#HE 2L AETCEERM T YT

® ] LUHIIIRE S TR, RMREEBREAANCTIAR, R& RCTM 307 ke
® W AR 1 Tl AREE ) R G AL )TV, BRREEERIE S Gt o thrse

® 0l il RE R B 22 ME AT T IIZR SR



ST SRS BRE

H= CTEN ELGIE vt



ST SRR

iafr PRERIE(Z TR B RS =HKFEFIERIERS



REEHAESAES

Farmer Bl R EF =
> RE/HE:
> EHHEEE
> S HOA
R
> Linac QA: &)

> FHNEBEE (T & PIEIE)
> Monthly QA it 7= 48
> Annual QA FytHFIE4&
> RS

> [5%5897 (HDR, LDR):
> FRHRBEE




REEHAESAES

> Toiwmik B E:
- ESHEREPFEAE RS RT
- BHHBEFIBD “ERf” 54
—  RRRAE = T 1) R ERLOR
- ISR PR AR
> R
v BREE RHEEZE180001%)
v SR R
v TlmEERE
v H] DA B IR X R
> R
v BEHABEKB
v REEm
v EEHRG
v HEXHIENE




REEHAESAES

> PR LA :

v’ TBIffE# A E

v BMEPIDERA 4T E R
> N AFIE W

v BAMNATER
> Linack &3 QA:

v EREH

v Picket fences (MLC QA)
v" Tomotherapy IMRT QA

> FLASHBUT 77 & W i)
v BRIE




REEHAESAES

hypothesis, etc
B B AR R

Dose, pulse rate, tissue oxygen content, etc

B 37 F

Main factors

FLASII-RT CONV-RT

EY B XA LR TN SN R

Ray Electron, X-ray, proton Electron. X andy-ray, proton.heavy ion, etc

g SR EHAME S ESRF LR FESR KA AAMES X-J)wy-)) T AT

Equipment Improved lincar accelerator, ESRF, some Medical lincar accelerator, X-knife, y-knife, proton heavy
proton accelerators lon accelerator, etc

% =2 400 Gy/min 0.1~1.0 Gy/min

Dose rate Generally 2 2 400 Gy/min

ARGt} ) ~fR<l's YorH

Radiation time Generally < 1's Several minutes

ERHSERE K ]

Damage degree of Low High

normal tissuc

MRARERE K Hifel

Effect of tumor tissue  Similarity Similarity

control

A R H A 4R

Biological mechanism — Oxygen depletion hypothesis, immune Radiobiology 4R

ik o IR G

Dose fractionation, tissue radiosensitivity, etc

Dose Rate: Single Pulse (D)

| CONV = 100 Gy/s |
: FLASH = 105Gy/s ;‘5 St360Ha |
I 0 1 2 3 4 5 6 7 8 9 |
_—— = = = = = JMilliseconds
Mean Dose Rate: Single Fraction
(Dm)
Dose Rate : Total Treatment I S :AS: =30675 -
Radiosurgery |
20 Gy/dy l
. _ CONV =0.1 Gy/s
Hypofractionation | o o
[ s Conventional | 0 60 120 ‘0 0'5'
2 Gy/dy Seconds Seconds

0 7 14 21 28 35
Number of Treatments



TS 700 Hz

X844 L]

—

10 MeV 13 ﬁ_s
40 cm

SR BRI 25 SR SEEU o L
v — B LA
A T2 i“\\_

60 cm

L 3 —
(|

HLB
PTW UNIDOSE

REEHAESAES

o
W

2] o gem N

& - RHERA -

= 04

b

?ﬁ? 0.3 2

= P

P *’ y=0.958 5x-0.004 8
e 2—

g 01 'J R*=0.998 1

k& 4

¥ e

@

= ok

& 0.1 0.2 0.3 04 0.5 0.6

EBT3® 5 j524 hll 73 847 Bk ok 771 B (Gy/pulse)

F 4

flashDiamond Detector T60025

JE AN 25 . G WA BRI 23 7E Flash & S Sy 771 &0 & F O R FH . AR AR U B 22 5B 3 44 &, 2023, 43(9): 729-735.



REEHAESAES

BEEEE
RIS F-EAERBIEE, VESRA
«100um=ZSERIEES

b

(mm)

\ J \ \ H& _/«;@f;umm%gmm}ﬁgﬁﬁ

Yoltagel¥]
3.8080e+802
2.8125e+802
2.6250e+802
2.43756+802

1,8750e+002

qeEHSRE

2, 2500e+882
1.66875e+002
1. 5000e+002
1.3125e+802
1.1256e+002
9.3750e+001
7.5000e+081
e 5. 6250e+001
EehBER

3. 7500e+881
1,8750e+801
-6.8157e-811
FEHNEHRBR

REDIMRIRR W S AR AR 3P AR AR B S 2%



REEHAESAES

PHOTOCATHODE

Vo

RADIATION
SOURCE

B

)
| ANODE
DYNODES r
! »
1 J 7,

PMT

> JEAEST SR N AR (R R ) LI FI &
I &

> e EAEHE (PM) SEBLE KR

> R TRESEEEEN T KRN TE
ISR

> TRATOTREE IR

> INIREREL:
— HHEEE (e.g., NE-102)
- BHBAE(e.g., NE-213)
— BAMEME

> REBHBEEEER



REEHAESAES

O E&EE

RITHE Fr 43 A
B

(1) =040 iy
(2) IB4THS A

JEHEFIRE =R,
W OJEE R
_REEIE N ¥Es
W EE I ]




BRI RS

@ BEORERRTRIERS

4+ &=

---0=--0--0-=-0-=-0-=-0'==0==O0-—~—~—



*?( zﬁw'\j:?é

=R (BB +Z=IRA)
T SRR RS

O 862D PEFR2. 5% (0662keV)
O R A ZFPZEA R T10FH

( — R
SRR ESLIE
- IREEE
« CR-(RC)™ (m=2)
N ) |M| P @[5 [ e J=]|A]| am Y|+ [® ou [ |
BFEIRH i
- ST .
- Ma) B2 &5 31 e a4
J T
L| o @




BIATatR

RESHE k%S PTW 30011

PR R AR 0.6 cm3
FEfa et <0.5%
R B |9 <+4% (200keV~6°Co)
FH 1 S S B S il e <40.5% o
JRH <+10fA
oAk H +(100~400) V
WAk 35 8 <+0.3%
M (AL (20.0-22.2) nC/Gy
B RFIE R (99% I ERTFE) 10 Gy/s

ERTETE. PR (<1usif) 85717



A& 2
Bt AR

EFTRS
EhE RS

mzEsne @ BN
V RAKER,
- R
CZTeR fH R,

med, BEE. | TEERESIRCZT

S0 5 BB MR 7 R

BoRBE: 1.6955, 360X3601% %

AT b3 +GPS+WIFi+BT

) PRI (/)X i 2 — A AR EEER (CdznTe) +tHIMLIKES
PR IR S 2 XAk, T AR

Fe VG : 30 keV- 3 MeV

BRIMKEREE: +10% (137Cs, 662keV)

FIE VG 0.1 uSv/h —20 mSv/h

Fl&: 0-10Sv

& N [A] . <<0.5s;

WA . IR,

A, FEEGNERERE (e XRE)

. E s
LR LoEt RO .

Q010
!

19
| 3 8819

38




FRFE R
BoRBE: 1.6955), 360X3601% %
N Jb2F+GPS+WiFi+BT
fRIEs: 3 AR R B (CdznTe)
soumre. 8 mﬁﬁ%ﬁ&* FEAHRI 2R XBLR. viTLR
EOMEUNE B caees oxmes  oss  cmesa o = %‘E%ﬁ. 30 keV-3 Mev
. ST PRI +10% (197Cs, 662keV)
ST RE
TR | 1. GRE
..... =R etk 2 BERAHHM
57 —t 3. BEATRRIT /4o
4. iz At 2
5. ME(FEHE GlER) IE(EBhK
6 7% Uiy i SR S A

mEESHE HRN

uuuu
TR

Pngenan

39




i)



	幻灯片 1: 北航医学物理研究  张高龙
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12
	幻灯片 13
	幻灯片 14
	幻灯片 15
	幻灯片 16
	幻灯片 17
	幻灯片 18
	幻灯片 19
	幻灯片 20
	幻灯片 21
	幻灯片 22
	幻灯片 23
	幻灯片 24
	幻灯片 25
	幻灯片 26
	幻灯片 27
	幻灯片 28
	幻灯片 29
	幻灯片 30
	幻灯片 31
	幻灯片 32
	幻灯片 33
	幻灯片 34
	幻灯片 35
	幻灯片 36
	幻灯片 37
	幻灯片 38
	幻灯片 39
	幻灯片 40: 谢谢

