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Design of multi—leaf collimator control system based on
electrical impedance tomography

WANG Qi, WU Yanming, LI Xiuyan
(School of Electronics and Information Engineering, Tiangong University, Tianjin 300387, China)

Abstract: A multi-leaf collimator (MLC) control system based on electrical impedance tomography (EIT) is proposed to
mitigate the impact of tumor target area variations on treatment precision and outcomes during radiotherapy,
specifically for use in experimental teaching within medical imaging and radiotherapy disciplines. The electrical
impedance parameters are acquired using an EIT data acquisition device and transmitted to a host computer soft-
ware system via a wireless router, where image reconstruction algorithms are employed to generate electrical
impedance images. Based on the reconstructed images and MLC leaf control algorithm, the central position of
the simulated tumor target and the positional coordinates of the leaves are determined. These target coordinates
for leaf movement are then transmitted to the MLC control circuit, which drives the leaves to move to the corre-
sponding positions. Simultaneously, the actual displacement of the simulated tumor target and the movement dis-
tance of the MLC leaves are recorded to perform a positioning accuracy analysis. The results show that: The mean
deviation and standard deviation are both below 2.8 mm, indicating that the measured relative displacement be-
tween the target and the multi-leaf collimator leaves shows good agreement with low error levels. The system can
display imaging results and current leaf positions in real time, allowing for an intuitive comparison between the
target and MLC leaf positioning. This holds significant reference value for achieving safe, real-time image-guided
tracking of tumors and improving the efficacy of radiotherapy.
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Fig.1 Overall scheme design of control system
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Fig.4 Appearance of control system

3 RERZFRIT

31 BREZAAER

ARRGIT PCFYREMANSH., HEMBIT
HEZRANTE 5 Ffr 7, 22003 g R s 24 A 42 dh RxH AR 4
FEH, TN R 4 AR A R B R A
BB | F AR BRI R 47 ik

! [ i H
DR : ' :
! ARM:STM32F407IGT6 E.i>‘ T {7 12 B ST ||:> LRI B I |
! FPGA :EPACEIOF17C8N | v o _______ _ _ _ _ _ _ _ _ _ _ _ _ ___________ 1
U ik GD32F103 | B4 LT WEEEs i
1 HHLERZ): HR4988 [ i i
. | :{>| RERRRSE | > | mpocmie | | !
! : ! CopEl
. BB : b [ mmsmmite | o> mgmEges | (5]
i wAEH [ e
. ! b RGBS i
: L e t>\ IR iR | | i
' ! ! '__::f::::}Pf__ri{ﬁ]’f%%f::__::: !
U PIRENEAR s win 22H2 : ! :
| ErE05.152 : @] wpEfts | = fraeks \ \/ |
L P sHESEGERESE

5 EHERFRHIER

Fig.5 Software framework of control system

(1) AR RERGTE I EIT RELHY TP %
EHERN Z2 I L S ) R G o 13

(2) Bl R AR TR . RERE P EIT KR4k
VA SR A L R, AR I I i B I A

F R, 50 A R DOk S R A A fE
SEARBER ST i

s ZEU R R 1, R A
IRTERRAEF L

AEAR PGS Pr

(3) HFRRBIRER: SR T 5E AL H AR L 2



13

T, AT A MU R R 2 M A i R ST

-89 —

AE , AR H A PR AR R B /N FTT B AR Y
HC i SEINT BRI RS T2 07

(4) MR s gns 1 X 2 ik Bt
AL PRI BT AR IR ) B AR
Pyt e s S L 5 BN B RST C R, ATRE A ff o
A A SR LB, DT SE BRI U AR RS 1 45
SEMAES B AR, BIER T H b8 B 1 1k o), 20k
Ear HAD IR 1y R b T e GRS

AT R G0R 22 e AR AL AR R AR B
K AU 22 U AR, [ BE RS TR AR ST v L)
AT AR Bl 45 0 7 2R AR B R S i A
BN 22U LA R B A A ) TR HE S W
HIVERT , B2 S BAR 0 2 PR 1 5 22 i B it
A AR L
32 EGERER

AR 4 K5 A 1L #E R Landweber #2488
o IRIEIE— 0T N TR 3 [n) SR O
P g R AT R A ) B D E T LR WIIR SRR
EI& «° 1) Landweber 24 F2 (4 1E WAL 5 #2 an =X (1)
Jf7R

x =" = aJ (Jx™ = f) = AR'(x) (1)
Arpea’ SRR 0 R S8 s T2 | R 2
s NG - DIRERIEE R s HEE R B R
B J R REUEFERE s f Dy v AR AL SRS i 45 %) o)
A AIENESEGR (o) A IENAEIREEEEE . Landwe—
ber ARG EAF L B A TS . WSk LA &
PR RORA BB RE A, 38 F T3 A a7 B0 1 4 1 39 [
RO, DRI AR 38 G P TS SO H BT BUARR 3
3.3 EHEXRET

AT T Z M E AR S T e A2
HE BRI A i HARAL &, AT AR e i 2t
HEEL s, Hym AR an sl 6 s .

H PR TERFN RS DR Sh B A7, 7E45 2% A7
BRI L BB B R T e B R L R
B BT TR 114 1 3 L, DA B {5 B P B B R 14
B AR BAR IR k0 O B AR (%0, 7o) s SRS
HRAEIX — rhC AR BRI T , 44 T A7 AR ARV )
o R R P W 5 s ol i S ol A1 S NP A N
ST H bR IR AL S R BUE A5 O, 4 R A E
R RS R AAGE AU g (8 TR SR I T B AR . 1% H
PRI DI 2R R, 20 B R SR R
do MKIER 5 d WEIEIVNKER 73 2 FisIEHE M R
WA NEEE 35 R < d/2, WALTF AR YEHr B e i 2
EAG BRS HAR O AR AL E R  Fr s 25 R > d/2,

T
AR BT AR N [ T
v
Xk SRS B0 B L5 B A RS
ARG, A PRI S N—2
2
XTERA MG R BN BE
W (90 L, 1 P T 7 ) o2
¥
HE BB IR R AR R AR
VR s e 7 B A AR (o, y0)

FIWTRPRF AR (9212 R
RERTHAIT R
GEVER 1/2(dI2

HEHE 0 A B S VAP ARER 14 KT
L B A B n
v ¥
SRS | HUAR 0 A R 0
e 1 0 L ERA i
v
)« AR 4t ) I
- S RO 0

6 ZITEERMNRFEMIIESIRRE
Fig.6 Control flowchart for positioning blades of MLC

W EH LT H AR oA B AR BRI S 4 A IX
SR B DX RS B 9 R, R R N (2)
J7R -

_1R-d2
n—LTJ (2)

Ao A X T 2R shp it gL [ 55
Horp A 2R R A T ) N O

F T3 T L AR AR LR T 1 A AR B R o
N 4K, (R A A O AR AR B TR R
e, H bR AL B R e AL B2 T E AR 4(n + 1)
MR, PRI A5 R 4 O A B AR R (a0, y0) A S H
PR L U4 R REAS TR DL R R AL b,
()R

x=x0— R

x,=x0+R
V=t R (3)

Ya=Y%Y0— R
A e g AR B L b O 1 7 i B R A A
x N IEAT S R A o 5 v, D H bR IR 8 B b O o
1E i AR R 5 vy R IE R hA bR o AR DL 1]
Wrid ol DU E H s Y B 6 5 i e bs, 233000
(960,}’0), (961,}’0) , (96,-,)’0) , (xo,yu) , (xo,yd)o

R B bRy ae B o 28I, Bir LIRS T H AR oL
AL E ARAREA XIS R SR I B, R AR AR
PRI AR B B A MR AR . AR R A Y



-90 - K T L K % % $45%
N (4) B S L 4R 2 o A R 0 A
6=i T (4)  BRAIHRL LR R F A (8 AR B S 5

n Ay o AT RSO 2 25 2 I T AR 1 L
U0, IR i = 1.2, o Ansml2n A oyl iy O gh i 5 R A7 (R 30, i
DA TR SERTHRAREHITA HOMARIR &35 it iogt bR 10 52 BR RS 30 5 5 B0 22 0 i LR 0

FAREA (w/2) o (3m/2)F 2 3X 4 TR ik
Fr B R AR BR , A58 (4n — 4) A8 FR . B m iR AE R
(5 )R AR BRI N B A A b «

x; = %o+ R*cos 6, (5)

¥, =70+ R*sin 6;
e, AR BB B ARAR 5y, R 454
AR 500 1 0 4301 A0 ELBRAD HH O 5 ) A A8 A T
ALKR R AZREHE HFrYIR)FEAE 0= 1,2, - ,4n;0,
HEAN BARIRCIE EARER SR . MR BRI ROr
A HARWIRC R A G 3R s AR a | A prir
EAR BRI B LM E ELAR B, A 2 i ELAR
- % 2 BN AR ZR A AR AR XS AL B 1, 58 BUEEA
RGeS f A

AR RGAEIS ST, 2R AR & 8 e 4
& BIRES 2o T TEFE I R ata shs |, 4l R
AU 1 RS SR, B2 ARG Bl SE I E LAY AL
o BRI Rl ok, 2 A i
REAE ARG 0 AR Y04 sl AL 4f R RN 28 00 it i 2
o i IR S HEE L R B Sh AL, ihit A
HER AL 2 2 HAr W Ae s . 78 Binishfa , i A 45
TR XS 25 i L AL bR 5 S AN IR 7 B o

LR VA
| /// i ‘ \\\\\ ‘
‘(xm—R *cos 0, // : NS |
| Yo+R %m@j\ Z \
l wwo}%mww% |
B ‘ Caoryo) ( 0|,,(.) : ! | B
\ i )

RlkzsowiNi
B 7 MREREEEMM FAESIRETR
Fig.7 Demonstration of blade control algorithm to locate

blade position coordinates

4 SCIGIGIE

R T BEASCET T R G AT AT FE RS B
TSl T EIT B0 R 52 355 B 1 I A B ok
SEHBHYTSEL, PR S E0l i To 2 % h &%k & A
PLA A R G TR R G 2 T Bt S 80
P14 R A 0 S O FL BEL PR 1) B 5 SR I AR B

Bl Ja W B e, RS AL S e, AR SOk
THR Z e E A R G0 BARiz sh i B LY e
POKS BE AT T 80— Sl
4.1 LHEFE

SIEYR I PRI hy B A ] S i 85k K i [ A 2R T
T AR R TTAR R 277.6 em?, 55 BE K 24.3 em, JELBF
15 mm) o KA R T — 3L 16 A5 =R A THE
B0 P 0 ) LR, 38 A ) LA A KR DA 1R A 2
K SR SR A H BELBC 54 , 38 2 ) R AR A KR A )35
Oy EEERE R AR B K L 2 TR Y R K A
SRy A T LIS AR 1 P R PR A2, H A SR 4R B 1Y)
HL BELBT 45t 2 B KR Y R AKCIRAS 1B fh T AR 1L

T R 7K B — A /N R R AR 5 e SR AL 9
NP E RGO R 5 RS, 20t
Y LA I 2% SIS L B AR R i s 7 0 ) X IS
(IS 5 B o X S A7 B R B 3, (A 45 I o J i A
JEE LSS 43 4B G, AUEA Hh e 19 o7 A S S B
TRYT I X SR A IR E T — S, R
DL AR AR SCIE AT 10 YRSEE , ARk 5256 b (i R AH
IFi] Py 220 88 T Al a6 AT 22 ORS B 00 4k, 43 )0 5% H AR
M HEE AR R AE X ACE I R ShfE e A Y
L7 ) B R Sl BE B A B Y B R B S Sk 6 LI
ZH

H AP A 22 i1 B i R B 53 S A T
KA R Ge ) A MG & 8 firs o

(ﬁ
l;x? ‘
hawegt) *

(b) 72 F X5k

(5 b ‘ID @ |
-6'; "% v
§i Y ,ffi
Aot ® ) *

() fiEXIK (d) A F XK
E 8 HiMEEFUREHARRMCERNRTR

Fig.8 Demonstration of placing target object at different

locations in environment



13

T, AT A MU R R 2 M A i R ST

-9 -

TESLR R, BREsh AR S5, A
RGATLITE 3 s P 5E G B 1 LA R ASEA0 22 i ofe
L AR IV VA= S 2) 8
42 TEMEEITRE

0T FW B AR A KA o gl i s 22 i
L AR U 25 SRR gl A B S 2 I B B — 2
P, R 7 AR ZR GE I A0 42 1) 75 125 )2 A A S b
07 FH RS B S K R, AR SR T T LR L B 15
ZEVFEARMERAT AL 2R GE R AL B AR BE , 95724 fig
7= (average absolute deviation, AAD) ¥ fE fld 2= (stan-
dard deviation,SD) . —JCZPERIE 377 %1 Bland-
Altman 734177 o AAD 2RI A S8 rh AN [R) 75 [0 78
B 1P K AR X e 22 AR BT S5, -
BT AR X 2 0 fi 225K P2 5 SD [RTEE AR
JIT A S A () 7 ) A 2 B 1) ST A N 246 X i 2
TR RPN S8, HT 5 AR 00 U X 48 X g
2258 IT VR G FER A — oM 1 2 A 7 vk
JE XA )5 1) 14 2% 2 5B PR A T — TRk [ml ) 73 #r
1R EG B M RPRFIRIE , 5 @ PP 2 4~ 2
B RN I FR ok S T 57 88048 1Y) — 250k 5 Bland - Alt—
man JPT 75 ¥ — T i 22 i B R J s B s
SIATEBLR T, LA 2 AN E B 3 1 A DA A
B, BL 2 AT HO RO B 22 (EAE AR AR, B TP AG
Bt Z 1A]— B0 5 0w 22 1 L

ARSCHT I 2R G0 BB — B R A R Ik 1
NN 1 1 M o 2 b SR s R 2 e T U B ey S
9 FI7R

F1 AXEITREHBFE-FETINER

Tab.1 Evaluation of data consistency for system designed in

this paper
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Fig.9 Linear regression equation for moving distance in

different directions
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Fig.10 Bland-Altman analysis of the differences in experi-

mental distance data comparisons
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