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Deformable Image Registration Effect on PCA-based Reconstruction with
Single X-ray Imaging

FAN Zhongyin WANG Jianjun ZHU Qingsong XIE Yaoqin XING Lei

( Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China )

Abstract In modern lung cancer radiotherapy, it is important to have a precise knowledge of the real-time lung tumor
position during the treatment delivery. For a real-time 3D lung imaging algorithm from a single X-ray projection image, the
inaccuracies contributed by the image registration process affects much on the PCA modelling and construction process.
We utilize 3 deformable image registration algorithms: Optical Flow method, Demons method and Levelset method to
evaluate the effect. By making quantitative analysis and qualitative analysis, we get the conclusion: Optical Flow method
works much better in registration and PCA modelling.

Keywords real-time 3D tumor localization; principal component analysis; deformable image registration

7 TR A Pl 45 HL I IR 120 F3 T I 4 e AT R0E AT

(2) i B TAL B M PGB IS (3) Toib NG
AP 2T L XS B ) 2 = e MR A R
FEBUACE (UG T Ry r R se (5. ST PRSI A iR AN T B

5l

o}

i J S 87 A7 T A RS B oy T o S SO R R AT A, AL SR B A S I Py
PR S B IR T AKEUY N BB AL S AMEOCRIOTNE X AR K R =
TP S GE B LA R TRARRICEN . LA FRORRICYI I8 Ay i S B ™, I
(R B EARLEAE L P (D JERARTE  FOmERER AN, HA5RSM,

WS HE: 2014-04-22 fEEIBH:  2015-03-15

E®WE: ) ARA 7RISR A5 H (2011S013)

EEE N JOAMR, WULEIE, W7o A B BAR R S EAE, WULORRA, TR0 O T AL S = T A R
B, Wi, WG TR . BT LA A s PR CRIRAED) . L, WU, W0 o R B RO 1a YT B s R A FE AN
3T, E-mail: yq.xie@siatac.cn; JB%E, {84, #d%, WU A IR EEH YL



3 30 T,

S PCHESTION PCA SR BER Ml i = g i S i 63

TR AL, TE M TEREE
BEFPRS AN R IZ SR . Zhang 24— FhIE
T F 393 M (Principal Component Analysis,
PCA) W ifi iz A A, 75 BB/ 1 R AIE 1)
A PCA RE AT LIRS 2Rtz sl . KL
[, Li 78K B M 22 A A AT B
E15 2l #% K &3 (Deformation Vector Field,
DVF), it# DVF &RIEBK, @ar— AT
Zhang [¥] PCA #iR, T4 4D-CT. RJ5FH]
H PCA BT 4D-CT ()2 2% AHAr R AT
ZH, ¥ HANH) DRRs (Digitally Reconstructed
Radiographs) 55 CBCT (Cone Beam Computed
Tomography) #2ULEC KA T )5 46 4D CBCT 4 5%
HE B REAN I R] 25 K R AR R AR X 2R 2 (R = 2 1)
RHD) o PCA Jifidiz ah e B ik Has & v,
fEILRERGI . =R AT B — B B
A, HAREDEER,

BB BB e KR R Gkl ok, fe T
Pk 3 DS A, BB BT &l
HENZE, I n] DL AT g ik A
i1 . PCA Jilidiia a5 L 2k 15k 5 |6 4 (4D-
CT) Z a3t iCHEAF 2] DVF, X4 PCA 704t
FINRZERYE Sk BRECHEREFE 5N AN HER) &
AT AL TA)

TEARTSCH,  FATPRET b LR = S Fe v VA
PCA Ha B DL R F it AR (R 22, IR BRI Hh O
A id R e B

2 ETF PCA #HAIpY B IEHE =2 AhER
BEAE

2.1 PCA &%

KA T LRI IE R 4D-CT i1 R 5k
WA, DA T = 4eEGE . S EAHM
HABAIAHZ 0], BEAT Sk R e e, A — R
() DVF. 1X£& DVF G 1] PCA J7ikf3 21—

RYVFHE M B A R Bk K R . W PCA &
K, fefB1S R DVF. 081 DVF N T3
2% EGh REAS 2B AR R . SRS AL PCA
FAL G e gt PR ABE2R) A T 5 1 e 1) B s i
500 BT B AR R B — B B S
DVF N H T-22% EHG s v] LA 20 £ 2l S

7t PCA fitiiffiz a5 di, DVF (X T-2%
PG — A28 i) F i) e840 77 LLE G R AR 3
) 52 M1 — R A AT S5 KRR AR AP ) 2 1 2 1P
ARG W

x(t)%f—l-i uw, (1) (1)

i, x() 22— NS5 DVF, Bl—AN[H
AR R 2 x R AN A I R] DVE 3548
u, KoxH PCA 19 2 FRHAIE In) &, 2 2% B BR 2
w, () R~ PCA REL, WM R%. KR —
AN TR R JCAE B AR AR ) AT A
FEo PrLL, B MR EE X T AR ARz
AT, PARHIE R S — AP, =
ANRFAE 7] 5 ) J M REA2 By 1 = e R) o SX AP R
15 PCA iz g7 g i kA 4092 MR iz sl I
o EARSCHIITIET, PR B AR KRR 3
A~ PCA ZRE0
R —ANSHAL T PCA iFRiE shfi sl 2
Ja, WAVAHREEAE D — RIENNL PCA &
5, A1 DVF 5 0 5 ok UG B % B
BRI X S ERBGE AR Ree ULRC . £, 1EA
SRR, fREEEREG, y Z0NES2HH5Y
KR, P EHRES £ IBGE BRGSO A .
NSRS
Min. J(w)=| P« f(x, f) =yl (2)
Hrp,
x=x+tU-w 3)
Hrp, U 2R, B2 PCA [WRFHE )
iy owoe M TR PCA REH ) 5
x BBHAH DVF; o p iz 8.



64 4 % Hi VN 2015 4F

S B EOIAT AL - M2, AR AT LA T . B G %
y =w—u-”wma“n @ TRETIESE R I AR T
T ow, [ ow, I A . Demons ARG I B S 25

Hr 1, P REHEASEAN R B, A L RE BT A

oJ ox of o

ow ow ox of 5)

2-UTog—£-PT-(P-f—a-y—b-l)

FEOERZ I, AR (4) 152 1) PCA
ZE, MIMHH DVF, =M 2 EE E
B fopy XML, Of /Ox W Z5US HEAH I R OR S —
2, AT 2 A RS A
22 FEREERE

76 PCA HiRIrh, 2525 AU R At AH 437 2 8]
FCHEE B DVF, 1X4% DVF da T g i ko
FE o WCHESR RN T AN T ORI .
IS AR TEHE T 32000 PCA A5 DA B i 4 2
R R, KR = Mg S me v T v DRk
(Optical Flow Method, OFM). Demons %. /K
ALY (Levelset) BET LU 5T

Horp, St Ik I T o SR
FLEH TN, BT EamErtiRg
HEGEAER A B B — A, Bkt
TR AR S AR o] DU T U RO HE . =0t
Vi 7R T Horn 25 R I IAR 230, %07
VEFE TG R K ARV JR) 00 P A2 20 R A4~ g
%, AAXT Horn K142 RALBE, Lucas 2"
Peth T REAGE A, AR R AR R
JEE R B IR SR AR R AR, BN R = 1
R RIAROZ S R . R,
— R U IR H AR R s, w] Dl R
JE /N T A el o] AR RS ASORY o AS DR AT
G R H i AR Lucas A& AR HEA T G FCHE

Demons SHERCHEE H F s o0 AT B ECHE TS
. Demons #% (] Thirion" T- 1998 4F4 i
T R BCAE U . KU R R — N T AR T

Dl an KU SR NATT 9 Demons (1) H A5 &
BRI, WA 23 7E Demons HIFE I T &4
AR, I W AR e N — X, T4
HOARF A IR H B Ak . WA B BT
SRR, TR EHE BB kAR, ik )
5 H bR EMGAHARR B2 55 K

KT Sethian " ERFST 4% LA it 2%
AR IR 4 S AL IS B2 R, FH T4 ity 2 sty
[ A R, 2 A P i e s A e R v L
R ) TR, HE KM AETEm
FaE L RN e e B AP A — ANk
s BITHELEOR K.
2.3 BiAERE

ASCEH T Demons BUAESR L KFAERLHE
VLA OFM MCHESIRAE A b7k, SkFE5E
ITHE PCA Ry @528 DL e i Ok B 2201

7SRy I

(1) s HE %
IR

(2) BB — MR A 22 B, AR
R EN G, JEAT B R A

(3) PCA $& M F 157

(4) R o AT IRARE

B E 1 PR,

10 MAHAL IS CT =4k

3 KBE5ERSH

3.1 SRR

ASCHT S R K 0 4D-CT Hidls . CT 1
Mg AR, FIH 4D BAFX 1 21O RE AN AL
B AN FEEIR A R R AT AP, L 10%
I A TE) B 38— SRR 123 0 10 A IR I



A,
=¥

3 30 T,

[RGECRFIA)

PCA FLlE B A ) 5 65

}

SR PR

1%

s 12

Wk PCA R |—] BIRGBREY | | EHRM |

i
RER? > —>

R
|

!

|

| DRR % (HIA) |

E1

[ A x ms g

HiERiER

Fig. 1 The flow chart of the proposed algorithm
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Fig. 2 The 64th slice of each phase in a respiratory circle
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Fig. 3

The registration deformed image at 50% phase with three methods

F1 ZMEUERERMEEN

Table 1 The quantitative comparison of three methods
P HE % TR B e HE LR 2
d y z X y z
Demons 0.2202 0.4516 —2.7086 3.7734 3.7333 9.0253 0.0379
Levelset 0.0067 0.0414 —0.1441 5.0739 45113 6.6833 0.0375
OFM 0.0618 0.1899 —0.6775 4.9621 6.0065 11.5616 0.0245
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Table 2 The accumulative score of the principal component analysis

FEAE 1) Demons Levelset OFM
TR X y z x y z x v z

1 87.9990 90.3505 94.9670 78.1022 79.4754 89.4455 89.2143 94.9541 97.9354
2 6.8150 42392 2.5816 8.1020 7.8135 4.1600 4.3398 1.9338 0.8986
3 2.4886 2.1855 1.3464 3.6507 3.8520 2.2828 2.4077 1.2309 0.5028
4 0.9699 0.9193 0.3934 2.3957 2.3962 1.0952 1.1109 0.4728 0.2048
5 0.5866 0.7545 0.2458 2.2331 1.8542 0.9232 0.8148 0.3618 0.1531
6 0.4174 0.4689 0.1854 1.7881 1.6168 0.7231 0.7157 0.3490 0.1143
7 0.3050 0.4357 0.1442 1.5447 1.3882 0.6060 0.6142 0.2730 0.0950
8 0.2339 0.3711 0.0784 1.1284 0.8281 0.4199 0.4482 0.2452 0.0528
9 0.1844 0.2754 0.0578 1.0549 0.7756 0.3443 0.3344 0.1794 0.0432
W =AN S 97.3027 96.7752 98.8950 89.8550 91.1410 95.8883 95.9618 98.1188 99.3368
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Fig. 4 The reconstructed image at 50% phase with three methods
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