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Accuracy evaluation of commercial deformation registration systems using public datasets

LI Changhu, LI Xia, FU Yuchuan, ZENG Xianhu

Radiotherapy Physics and Technology Center/Cancer Center, West China Hospital, Sichuan University, Chengdu 610041, China

Abstract: Objective To evaluate the accuracy of various deformable image registration (DIR) algorithms integrated in
commercial systems for thoracic image registration using publicly available datasets. Methods Permission to utilize the
4D-CT image dataset containing 10 thoracic cancer patients, provided by the DIR Lab at Emory University School of
Medicine (www.DIR-lab.com), was obtained after official registration. This dataset included anatomical landmarks identified
and registered by thoracic imaging experts, together with detailed coordinate lists. Precise point-to-point correspondences
between end-inspiratory and end-expiratory phase images were established to evaluate the registration accuracy of different
DIR algorithms integrated in the Raystation treatment planning system and MIM software. Results For the RayStation
system, the target registration error ranges of the evaluated algorithms were as follows: Biomechanical (0.20-30.50 mm),
Control POI (0.00-28.20 mm), Control ROI (0.10-31.70 mm), and Focus ROI (0.00-31.00 mm). For the image based
registration algorithm in the MIM system, the target registration error range was 0.09-32.45 mm. The error distribution across
patients and registration modes and statistical analysis demonstrated significant inter-patient variability for each registration
algorithm. Notably, different DIR algorithms produced markedly varying registration outcomes. Conclusion: The proposed
evaluation method enables quantitative verification of the geometric accuracy of DIR algorithms embedded in commercial
systems for clinical practice.
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Horp, K4 JE A8 BiL #fE (Deformable Image Registration,
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H i, DIR & # 4 BU7E — SL 3 SR 7 1 R 4¢
(Treatment Planning System, TPS) o, &= 2= 52 {4 A Bl R
i Jf a7 BOAEHERE DIR 280, TEAN A W1l IR
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1.1 BEHE

2 [ B OR % BE %% Bt (Emory University
School of Medicine) % 3/ 1) DIR 5% % % (www. DIR-
lab.com) Ay I 2% AR AR AE— A~ 2 1 19 2 5 bR ifE 2L
PERAEARIE , FH LA WL EL™ & H PPl DIR (14723 W) A% B
PERE . Hor G055 10 45 g 3 g A 8 5 OB 45 L LA
VE AR HETR ST TR I A 18— 43 4 U i 4D-CT
FUG B . XS ERE R A R T 2.5 mm 19 )2 (]
b , {5 38 FH B8 <, Discovery ST 1F HL 1 & 5 W7 )2 1
H5/CT HF444L (GE Medical Systems, Waukesha, W1) 3k
B4D-CTEE 42 Z R~ 1.0 mmx1.0 mmx2.5 mm,
JF 256 =5 I IR AR 5 L 58T sh iU R E T
FIFR IR (B 1), ZRAF AR R AR H S AR BRI 3R . BF5Erh
TEHL AD-CT EIG AR 1 5 A W AR AH 85 KPR A
BIGEE . RSB S FE B I 2SR 3450 o A 1Y)
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Figure 1 Anatomical landmarks manually identified and registered by chest imaging experts
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1.3 DIRTE

M FE A8 F AR Rk vT %) DIR K44 : RayStation
(Version 10B) (RaySearch Laboratories, Stockholm,
Sweden ) 1 MIM ( Version7.2.8) & 4 (MIM Software,
Cleveland, USA ). 7& RayStation H45 P Fh DIR B.15 1R
GRS AR Y A IRG R BRI R
Hll 2 R A2 881 ( Anatomically Constrained Deformation
Algorithm, ANACONDA)"™, &4 & A5 B (s ) 5
RS AR SR B iR SIS DS & AR DR R ) 25
a1 52 PR A AT R, BV R AE BAS K AT S 1 X
Ik, TRFYEIEHEH CT .CBCT MIMR., ANACONDA
P ) TV [ R T Sl B T8 A ARG LA ]
A, FLE R R ESUR: 3 ARG R0 (EGARBLEE S, A% 1
AR, 2553 350 (1) AR

RayStation A L4 48 J5 A £5 A5 sl 42 il Jsk 2%
[X 15k (Region of Interesting, ROI) , 4 4¢ J5§ FH 1E 2 il
ROL B, 23 [ A5 Ak ] h 78 AR 53 30, 15 0K i e 14
B B 18 5 G5 A A8 T8 R B Bl R vh A L 2544 5 53
— 7T, 58 E AR AR S ROTEY, #8 B A H T X
DIR (A S DR 2 150, A2 Lk vl e s i
TR, iR FH A2 SOR G FHAE AR AL EE D 2

H W) F1 2755 RaySearch 7E & K 248 2 Fh k%
T AR 2 FEJRAE O & 1) Morfeus 580925 (19 SE IR RUAS o
Morfeus f&—> 2 T A FROCH ALY Z 4% B DIR AL
B SH UG HAREHG il A ROLKIK )45
¥4 m B DIR B9k . BB FEE 2% B AT H bR El
b LT ROTTHA I A AR IR B Y . AR 4,
FfE R, il B ROUSBYE Rt stEpA L E o
BRI ATT . 2R A FROT A Ty VoK A
i I, SRR EAA CT .CBCT MIMR.
Veleca 25" [ 46 11IF 4% SR ¢ BH RayStation R 48 14
TR 45 R 5 Morfeus VA AH Y

Image Based DIR 55 15 & MIM E 14 & 4t &1 %t [A]
— LA R AT I A8 e o i SR FH %) BRI ik 2 —
P e T 29 B B 0 1 R TR AR e vk, HE H
(142 A R o PR P i B 2 S i /A o

1.4 DIRBFELEEEN REERENR

TEAR U 10 58588 55 Rk 405 B0 1 e <
AR AR SR A CT BIMR DL K A 20 115 300 4
PRy AR bR, 3K SR P R R A 3 i A L B
PN SR SR B0 A=W U VAN o =5 S B L 7%
RayStation 24t DIR BiL N R 1R 2, B & R IR
AR FLE H Y Control POTFLYE , L 300 MR 4
R Y UE L 2 18 R %R £ (Point of Interesting, POI)
HATIEAS RO

TV EMGIE A8 B HE 8O 1Y 1 A 48 s 32243
R T EMEARRIME R TR G Bt Tl 454
XPFFAE 3R H AP HEIH—4k B AH ¢ (Normalized
Cross-Correlation, NCC) . J3—4k H.{g & (Normalized
Mutual Information, NMI) | H 1] [t 17 51| 2 (Jacobian
Determinant) . H #5 FC #f 1% 22 (Target Registration
Error, TRE) . Dice # 1l & %{ (Dice Similarity
Coefficient, DSC) . Hausdorff 5 = (Housdorff
Distance, HD) ZF PP f6 br-" o AW i FH B Hi 45 &
T T L] 22 e e i 22, 5080 4 vh A 3 i 8 1Y
300 MR EAR R, 18 A8 TRE SR 31506 5 Y
X FE A T DIR i 22 (48 bR

TRE=/E,” +E,* + E° (1)

b E, R VCEC &S A A T 0 25 , E,, R VEBE S i IS
I7 10 (AR 22 , E, oA VG C 3 3k JEV 7 1) 7 s 22 o
1.5 ANE AR B A& JLATHE B L&

AW AT RayStation 7181 &40, L &R G i
ERIERVEY) 1 BE M RIE B R AR ER
£ 3L43 4 Focus ROI, Control ROI, Control POI 3 Fi
Fek =, A 11 2F A Control ROT—Ff DL E AR,
MIM % 'F 22 4i 7 Tmage Based 1 FfiJC i #E5L, 26 1 4
45 1 DIR T H A Fh DIR 59 2 HDE e 7EbFFe
E R SRR il A B FHAE RO, 4 B4 48 % 73
ALY 300 AR IR AUE SN POLL 2 T 543 K2 DT AL
155 A By 1 T RS 22 S5, % i A DG BE A R SR
T RGNS EL

#*1 DIRRHEERHLEER
Table 1 Algorithms of DIR software and their matching modes

DIR {4 DIR .4k

DIR /3 ## VERLAE

RayStation( Version 10B)  {RA 50 JEH
RayStation(Version 10B) &4 R TL
RayStation( Version 10B) 1A 3% & ik
RayStation(Version 10B) =4 Jy2£50 1k

MIM (Version 7.2.8) Image Based

1.0 mmx1.0 mmx2.5 mm Focus ROI

1.0 mmx1.0 mmx2.5 mm  Control ROI
1.0 mmx1.0 mmx2.5 mm Control POI
1.0 mmx1.0 mmx2.5 mm  Control ROI

1.0 mmx1.0 mmx2.5 mm  Image Based
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XT 10 25 G ERE A g SR s AH A SR B AH Y
BIZ N HT 5 A DIR B 53 AT B AR BE o, o rpoxd A
Yy 11 2 5 % #Y Control ROT 1R 4 9 & 57 1k 1Y
Control ROI LA}z Focus RO LA H1 i 77 2L 1) ROI, 1E
BRI 46 B AE A 425 11 ROT; 1 X T 1R A& 5 B 3 v Y
Control POTRLR T 7 21 POL, WK H Python 2 /3 A
I 5k 300 A FR TR T Ak 23 ] X b B 4
G340 B 30 MARURAE i POL, Xf - MIM 14 5
5t 1) Image Based Jic #E 1 72 W] DL EZ AR B Ay DT fic Xof
G AU T PG T AL 1 POLFTROIAR B . X 5
Filt DIR A5 2 U e 25 5L 44 % F 300 A4~ Fr U Ak A {119
TRE 1E 2 VEBCAE BE P 845 o X [A]— 995 491 A [] i
TEASE 2 DL BAS )93 19 A [) e v 52 X 22 ] 1) DG e A 2
ZEFIMATHAT 2T
1.6 itFFHE

i JH SPSS19.0 e it Hi i , %) 44 M A X A TRE
HEAT IR 20 A K 36, XA A G 1E 2 43 A5 09 854 R
M(O1, O3) AT IR, X [l —55 A [A] B A =X 25 1
Z[H] 1 TRE LA KA [v] s 451 [7] — e oA =X 235 2R 22 () 7
TRE #J % F Friedman I 284 5, P<0.05 £ %A
Giitar Lo

2.1 DIRRHHIRGEMHIRE

T PEIR A 5% B2 407 v Control POI VE it 45 =X, X
43R 300 M RIR SAE A Control POI, RIZTE 28 Bl i J5
21T A 300 B IR A E TRE, 7E A PEH DIR B2 &
GEMEIR ZVE HE AR, 107 61 TRE 2558 UL 2.

2 L300 MR R AEH LA PO Y Control POI TRE(mm)
Table 2 Target registration errors (TRE) for the Control POI mode

using 300 anatomical landmarks as matching POIs (mm)

g B/ME UONI] 2 e Sz
1 0.00 0.70 0.10 0.10
2 0.00 0.30 0.10 0.10
3 0.00 0.50 0.10 0.00
4 0.00 1.30 0.10 0.10
5 0.00 2.80 0.10 0.10
6 0.00 0.70 0.20 0.20
7 0.00 1.00 0.10 0.10
8 0.00 0.80 0.10 0.10
9 0.00 0.60 0.20 0.20
10 0.00 0.80 0.20 0.10

2.2 AE TR H LB LA B L

P 2 7 1 A4 4914 FH AN () DIR 7 A5 )
300 MRS TREZR . AR 12250k IR G R E
354 (417 Control POI ., Control ROI . Focus ROT 3 fifr
BL AR ) LS MIM #1142 4t 1) Image Based 57 (1)
TRE {53514 :0.20~30.50 mm,0.00~28.20 mm 0.10~
31.70 mm.0.00~31.00 mm LA } 0.09~32.45 mm, 7] LA
F il TREFE B H AR KA, SFRES T
BCHESS R 25 5+ R 3 R

[§] B, 7F DIR PEH T. 2 77, RayStation $2 4L £ F
RE N ELUL S 7 ) 40 (1508 A8 B HE S5 I8 A8 5 vh [a]— i
A B i BEIRAS B TR B3 S ) 6 SR TR A 9

HARACHEIRZE /mm
= O S

w

=3

N [mage Based
= Biomechanical
= Control POI
= Control ROI
. Focus ROI

hakbank

e

[E2 &M EDIR #E R B ARECEIRE
Figure 2 TRE of different DIR modes

A1k Control ROTAR X AR e v I B W A AH Fil B
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543 %:

3 RATEREE AR EEH TRE[mm, M(01, 03)]

Table 3 TRE after registration using different algorithms [mm, M(Q1, 03)]

TR R EEE
%5 Image Based ) Rk P1H
Control POI Control ROI Focus ROI

1 1.42(0.90,1.86)  2.20(1.63,2.90) 1.40(0.80,2.10)  2.00(1.30,3.10)  1.40(1.00,1.90)  0.000
2 1.27(0.75,1.73)  2.65(1.80,3.30) 1.30(0.80,2.20) 1.50(0.90,2.70) 1.40(0.90,2.10)  0.000
3 1.44(0.93,2.27)  3.05(2.10,4.40) 2.00(1.10,3.50) 2.70(1.50,5.40) 1.60(1.00,2.58) 0.000
4 1.83(1.25,2.65) 5.00(2.93,7.83) 1.80(1.10,2.90) 2.10(1.30,3.70) 1.80(1.20,2.50)  0.000
5 1.87(1.20,2.87) 3.15(2.00,4.80) 1.90(1.10,4.08) 2.40(1.30,5.10) 2.05(1.20,4.00) 0.000
6 2.45(1.32,5.71) 3.70(2.20,5.58) 1.45(0.80,2.80) 2.25(1.23,5.58) 1.60(1.00,3.88) 0.000
7 2.64(1.38,9.75) 2.70(1.80,5.50) 1.60(0.80,3.28) 2.60(1.30,8.75) 1.80(1.00,6.70)  0.000
8 2.77(1.40, 14.67) 4.40(2.73,7.78) 1.65(0.90,5.80) 4.75(1.50,16.00) 3.40(1.30, 14.40) 0.000
9 2.17(1.24,4.46) 3.75(2.20,5.10) 1.30(0.80,2.10) 2.80(1.50,5.30) 1.70(1.00,3.78)  0.000
10 1.50(0.85,2.76)  3.20(2.00,4.78) 1.20(0.70,1.90)  1.60(0.90,3.40) 1.40(0.90,2.60) 0.000
PAi 0.000 0.000 0.000 0.000 0.000

RO I AL HE HE S 1 748 3 70 % 167 it 149 62 8% 72 1 g
JEE b 212 X 3 O JE A8 3 P ] — i A2 P R R X

3ok, A 55 € DX S 0] A 7 FE A 37+ [R] — a AE  WR JE
AN

asRAREREAR TR ERERERE N

b RS BEEEANTEERERRRE S

3 il 6 PSR S FIE S EG 2 B HRIC mECELE R

Figure 3 Landmark registration results between peak inspiratory and expiratory images in case 6
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PEAG & o0 B4, DR R T30 45 SR Wt EL G 75 & A0
T HEp AR i gk, (AR AR T, iz i
5 A R T I [ 1 ) R, R =2 e i B A 1)

ISR EME R BIADIR 2 —FhIifEiR R HZ
MR HOT THE, BA T Z 00, (H o ARl 25 Y
AN HEN S VEZ I IR DIR ff 9 7 %8 © 8k St , (1
W3l R = AN E PR AL TR TR A AR
0 {EL ] 45 LA AR 2 15 Aok [X 0 DIR £5 25 Y
45 .

%) DIR $53% i S8 UE e R ECR] 700 3 055,
FLFE A © M A8 1 LSRR 7 807 A ) A
EEATARIC R, DA Al P B R R A T
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Figure 4 DIR intensity maps of the peak inspiration and expiration images in case 6
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Figure 5 DIR intensity maps of the peak inspiration and expiration images in case 8
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& K AR C s BARF D Bl an x4 22 BUa Y7 1 i
T bR R T 20 4D-CT B AR S A48 P 35 1)
W32 2l , 76 AN [R) A9 R IR 5245 e, g R E 3 4
(TR 25 2 e — i R W A8 Ak, AN R AR A 15 =2
()R 4 T P A A 3 T 22 FH 21 DIR 3307

F1 Castillo 487 & H 119 36 TIF HE 22, it 2 38 3 fiff A
Kt & 0 AR T2 A50R & WL PTEAl DIR ()23 (8]
Pk . X 10 4 i I gg s 491, T 3l A 1 4D-CT 5%
15 1R [R] P W AR A A S 2 A 6 B R A . TR AL A
UEFRIE A T X TRE #E47 G156, %iF 45 [f] D i
YERR M PR AT A0 D S PEA LR 1 RS B 1 B R R
N o AR SCRI S TR 4R L B ORI A2 B L
WERL AT T R G0 EL BN SGAIE , AT A 122K DIR i

B VAL SR A T AT R E I R A2

SR 25 S o AN [R] A DIR 503 45 Hh %) DG fic 25
RIEH 2251 . 1 Kadoya %5 Fi sk H 240 /Y
[ #B 4D-CT BG4S T 5k AT HI A9 DIR 314, 45
FEH R DIR A4 AH [R] , 22N [RIMLRS 22 [B) o A7 76 38 S
() 2% 5, DIR B VA 14 PR DIR {4 3 B i 7 2 2%
5o MWARBFFESE L5520 B, % T B R i B AR
e A 22 , 4 FhC HERT B A AR R B BCHERICR o 2E
Yy 712454 1y Control ROT FE vHE S 28 AR 45 5t 8 59
1Y) Control ROT Mt 5% =X iy e v it 22 5 Ry 42200, P %
C i 2 22 K TR 5 5 BB 9509 1 Focus ROTA5E X il
Control POI % 2 , % 358 B 30 4™ A5 48 55 1 o i
POI (1) Control POT 5 =X 7 fif 355 el A5 T 75 T v Hh i v
P 22 AHXT AN BLAT B SR A #4 . BRIt ol A ] — b i
HER X, AN [ 1) =22 ) 2 P ] ) B v R 22 . TR 4
JIT 7% 9 491 & AR EL b 051 14 25 Lk i AT, B A8 3 o
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