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Sk B AH BLAE H .

T A AR 4 AR ) BN r) b ) HE S R T A
A AR A R X 32 B IR U . B ) BT B
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by R I ek e R T ) TR PR R AR i SR . X
FEFH IR S AR AR /N, PR R B 22 (R4 i L)
HE—F S SR R TR Rk, BRI AT
Z AV /N IR AR 32 3 3 B0 79 2 40 A1 AR A 2 A IR /)
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AR RE T2 A AR EE A 2 mm (R AR,
B E B 9 12 R0 16 mm, ) AT R M 3
M5 mm (R ARIZF). AIm b, K55 e & W)z 1 [R] PR
/N T mm, WD AR B T2 3 1R K 5 mm 1)
SRR

H AR 37 JBUR 2R B 2= 2RSS BT (NIRS) IEE K i
FF AL RS, I HWR TR IR Z )
FAR R 455 4L R 7 18 5)) IR L X IR A 7] Sl Atk
AR 15 R (R 22 9 (6~81) M I 45 5 ile K,
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T DU AR T T8 D, X i 24t 78
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E T 30 2 AT 253 50 1 PR AR 4 T 5 2 B /D R 1 3 K

IS BAR T T Y NI SR I R G 1 S HE, %
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i A [ BT ST R0 (GST) [ e AT PERE ST AE B,
SR FEAE 3~5 mm 5t v] DLW 2 R K. HEj, £
OB R R G & N B T AL GG IR B 167 2
21,3537, 7581 Xy R GER IR I PR K38 3h K 7
PR AR N B INIZE), XA RN 123
S I ) SIS B 2 5 B T A A
k%, T LA 7 VA7 vh R o O X 5 A
D R R AR

IR i/ T RS SR, R
HNBRIZE. ik, THRIE DX ARR N 1% FE A )
IR SIS B A b T8 8 T B0 ik 12 B2
L G U T R Y

43 EFREREA

B ER A A S R B ) [ I R A R R iE
A TT IR, SRR EN L TR R T 3 B R
EREOAR, Gl K2 s 5 B R B4 sh A 2 G E £
SRR A0S Bk S AT Y. A IR T
THOATT, AR AR BB B R OR
(60 82831 fo FHH RN T 1 ms BT, TR
AN, A28 T A T il 2% 18 T AR B
T2 T E A DU AR TR I BT AN R
A8 841 1 i Jon e 5 AN il 5 IR S 378 fil ok kM
HIZZ) T B AR . GSIRRE T —Fi it i il 3%
B, I Pt L R B AT S SR AR R PR
SIEHLRE 1) IR 07 000,

R R TR B BB BOR U O A Dl
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MTEHIRSE. B LN S HORIETEah T 6 1hs%
EafFEE. — L BSOS EARIZ 31 & AT
FHARASIIR LT i) 8 7R AR R AR A REFRE IR 2
R B AR L AT AR X 38 B (5 B 52 AR IR B T
] (R A2 S HOF R ANME. 2 Bl AS [ K 800 2l
B A =) I E AR B BT B _FORIRAIE R S A AT
Peo X —A BB AR 3 s, 1EB)EE K 20 mm 1 HE
A, TR 5 DN B Bl R A 5 X AR A
RA T HIZEL £2%%, S50, I A R ok
SEFEREIGAUE T iZ REUAERE ) _E A1) b MEK
AT



2

USSR B AGRTT KR XIS B M T <179 -
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i, —Ykizs) T & HORBHUREAARLE x Fly J7 1) _EiE
31, ALK EEAALE 2 77 ) B2 3 S 300 e 1
WA, ZHRRAME 2 07 0] EMIEE). xRS
A DU B8 A LIZ 3)), R eI . TUsK
AN EE HC YN E S SN N

Bbs AR GRS R 2 w] DOE RS R, Wl in
WA R RGN B BB, E % ARG A
By BATRTVOT RSS2 A PRI )
PRERSE — RPSEH. B MR PRI 4% 7T LA AR 8CE
FE = YEIBZF-6 FRIGUEF R I Ai. 20 M0 5 SRR AN B
FRMAF T URCE A2 3T & BT SR, %R
GE N IE IR I TBUR IR IT AR O T AT DI SRy,
BRGNP R A 58 4 mT L2 T LB
B (PR IE 5

K2 (fERK) 85 R 4

R ERNRERBOR s B T REARAE T2 2 G
OUN s B M, (HEN T IR AR R AT AROK K Pk il
P HHT, FERSUN AT I RE P ASBESRAT SE I (L X AR
BUGEE, R EAR TS ) i AMEE S B B
RGN UV a8 SR e U b U DS L M= PN U/ SR
O B AT VR b AT LU BY4D- CT 33 4ME 2
Ryr(42-45, 8689 by PR v ) LV R S e A e
FT e LA KLU ) eI G2 B, DA I B R AT
% IRAD-CT FHHH KRG HER (U AME S . ARG T I FE
R I N S R e B R RO
PN AN S AR LG T TR R 3 B ER R AR HE
DB B BRI R By, K AR R Rt fiE
1 3 FR G K 00,

5 BERAMEITIEREER

FILATIOL, 7T ARG ST R AR S
WRARFALE LA PR 4L D2 B 1 DL AT 70 30 X T RPIR AN
RN 5855 7T LLIEFE 2 U, A 2 IR B A
iy X WP B HEA TR, [ Bt A SRR U ) I
B3, ZRFAMBOR WA U/ 3R /N T 5 mm
(KIE AR, DR e e ) B AN D3, T AN
BRI TR, 6 I8 i R 5 mm (IS HLAE,
KT T B B B BR A AT LUAT R08E G 1 2 27
SRS o D T 3K B ANIE I RS IR ) A AN K U X
B, AT ORI B ERER R, 3 s sh MR
AREAH R, EH T ARG NP E T
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B, FaA@PE (robustness) DL R H AR E A 3 AN Fabr Xt ix
JURPAME R AR EAT E AL

HEDGE T FEFR bR AL THRIBE X (PTV) K/ EL &
I H ARG K28 T 52 A R AR AL 3R R
FR ML AR AMEIE ) AR, EATEAEPTV
FEAl R INASN RO S T HEEOR KRR 2 1
WA N BEARBEAT RURE, 12 AH AL N EEAR IR Bk R I2 8)) 77
B R X A GOR R AR, AR TR R AR TR AR
IR LR HLAE R SE e, R S ORI A v i
TR TCEE SO KT . T THERRI RGN
T EBNERERFA, AH B T5R AR 18 3 1A DAL i 5 2
ML LN 2 O 2 ME— AN BEJR Nz SR E
AMETTI, BRSBTS A AN A
Peo X T FIFERZ BN L, 2 ORFIRAH Al A 2L
ARFFLEN R PAGIN, T U7 & AR LA
AR Ko PRI AE BB X TR 7 18 B SR B R T 1145
FR, WA T 2 AR,

T M 2 A B M2 AR O AN A o DAL 3R T AU AR
B, ANt DR 3 AL A Va7 v A RIS S ) AR 4k BA K
PRI R B RS B 220 DR R AR AN SR I (1) I
123)), WATEIZZHRN, 12 B IX i 2ok
WNEEIZ B, PR e R I e AN A e DR 2R ) R R A
i TTEERTHEIZFERM, TR 25 EREMORS FE 1
Bl LA AR R IE B SR N 38 IS B v REAFAE 22 5,
OV AF T FEIRAT S AT, SO X AF AN BT 3%
FRURE, 12 10) AT DLE T 3 Y 3 O HE X DL A MG R B 2
) P S P R R ke Bl R R AR TR 1 1) I
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6 SESRE
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PAREAR TR 19D T B R (1 ) U [ 127 1
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Compensation for Target Motion in Ion Beam Therapy

HE Pengbo' >3, LI Qiang -2

(1. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;
2. Key Laboratory of Heavy lon Radiation Biology and Medicine of Chinese Academy of Sciences, Lanzhou 730000, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Active beam scanning results in serious distortion of ion-beam irradiation field in the presence of target

motion and causes damage to healthy tissues around tumor target compared to passive beam shaping techniques. There-

fore, it is necessary to establish suitable conformal irradiation methods for moving targets caused by the factor such as
respiration in active ion beam scanning system. In this paper, motion detection, 4D-CT and three main ion beam specific

mitigation techniques, namely rescanning, gating and beam tracking, are introduced. In addition, three motion mitigation

techniques are compared comprehensively in terms of target conformation, robustness and implementation complexity,

respectively. For target conformation, the beam tracking is superior to gating, and gating is better than beam rescanning;
the robustness decreases in the order rescanning-gating-beam tracking; for implementation complexity, beam rescanning

is the most simple technology, followed by gating, while beam tracking is the most complex technique.

Key words: ion beam therapy; target motion; beam delivery; motion compensation
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