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Medical Image Non-rigid Registration Based on Adaptive Fractional Order

ZHANG Gui-Mei' HU Qiang' GUO Li-Juan'

Abstract The existing medical image registration methods have limitation in registration images with intensity
uniformity, weak edges and weak texture, troubled by inclining to local minimum, which always result in low regis-
tration accuracy and efficiency. Active Demons algorithm with fractional differential has been proved to be effect-
ive for non-rigid image registration. However, it searches the optimal order of fractional differential manually, lack
of order adaptive in images registration. To address the problem, this paper applies multi-resolution and adaptive
fractional differential to active Demons, and proposes a novel images registration method for 3D medical images re-
gistration. Firstly, a mathematical model of adaptive order for fractional differential is constructed, which adopts
local image features such as gradient magnitude and information entropy, therefore the optimal order and differen-
tial dynamic template are adjusted adaptively; Secondly, multi-resolution strategy is introduced to adaptive frac-
tional differential active Demons algorithm, optimization falling into local minimum is avoided, therefore the regis-
tration accuracy is improved once more. Lastly, extensive experiments show that the proposed algorithm is capable
of registration images with intensity uniformity and weak texture. And the optimal order of fractional differential
can be calculated adaptively. Furthermore, the presented methods is capable of avoiding falling into local optimum,
thus the registration accuracy can be improved greatly.
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Rcfcrcncc [13]

K2 AFEYIAER BrainWeb FI1§ #4551

Fig.2  Registration result of BrainWeb image of different slice layers

T1 B, 1 mm EAFRZHYI A EE LILIT S
G, HRNN 181 x 217 x 181, W 2(a) Fis;
DL MR-PD #25. VI BN 3 mm A 2 1)
Fr G IO ILL I AR LG R/ R 181 x 217
181, 4 &l 2(b) Fros. FHICHR (7] SCHR [13] FIASTTT

VRS BSEEAT 920, MR A SR 2 . FO i 2(c)s

2(d)« B 2(e) 435I SR (7], SCHER [13] RIASCTT
LI EC S SR W 2(c) AT LLE Y, St Ao
EREMEG SR EGHE T, BER55%
EUE TR, KBS A B, R R &l Bt s, A2
T R B A 15 804 R IE. Mg 2(d) AT LUK L,
B G MBI ERT, 5% BB IE A B
i, HEBG N KES S HEIGHER K, RS
25 BMG WA BT, X R B SCik [7] Ak [13)
(1) 5 E R N 1) 225 B G RN AR T G R e 2R . 7
ML 2(e) BT A1, BLAE e GRS 1 30 4% 42 A8 35 B
T, BRI IR S 2% WG R, iR
HH AR SC 7 R e A SR . bl S 45 SR A e 40
Mrinsk 1 MR 2 fos, IR 1 MR 2 w50, KA
Bk [7) Ak [13]) MOSE VRS HE 5 I EE MSE & ir

%I, Dice ratio A B3 im, {H72 e 52 i B A

K, WA AR B R HE G BB S5 2% B 2 18

(1 MSE HHB K>, Dice ratio A HB I IN, M

TR AL B EC AV R AR TSR (7] FISCHR [13]

MBIV, X T A SOR & R B 5I N B 5

Demons 5%, 3 HERTHE T B HME R A1)
®1 BREREK

Table 1 Mean square error comparison
AR EREG FodERy  SCER (7] SCER (18] ARSI
I 0.1795 0.1467 0.1417 0.0013
1T 0.1524 0.1232 0.0938 0.0013
11T 0.0868  0.0695 0.0662 0.0012
% 2 Dice ratio EL#
Table 2  Dice ratio comparison
AE R EG BovEnT  SCR (7] SCER [13]  ASC5iE
I 0.3925 0.5107 0.5859 0.9793
II 0.4702 0.5874 0.5836 0.9734
111 0.4683 0.5124 0.5874 0.9808
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HERAC AN BTN AE, B T BCHERS BE. T LL, ME Table 3  Comparison oi relgistration accuracy of
P73 b A2 B S5 AT LA HY, A SR ) S0t corona brame
R RS 25 PR - P 1 R e - sk Dice ratio
3.3.2  Whole Brain Atlas E/{&E jﬂﬁ?:] 2'223: z'zzz
T WA HE, AT s . o
Whole Brain Atlas E{% 7 o i EHGEAT S2 56, A S 0.0061 0.9461

WIS FRALERE T 2 NS ELAS B9 A 6] v 1 114
BIG AT S5, o e FEREAS MR-T1 MRS
MR-T2 b PR THT S J% R T A 8 i P A5k A7) sz
56, [RIRS 5 SR [7) AISCRR [13] FSEVE AT 5 B,
3.3.2.1. jebpR i B4 e

PRI A [F) AR 2 1 i 3508 7 4R T A5 2R AT 2 56
gERANE 3 fror. HAE 3(c). B 3(d) ATE 3(e) 4
Sl 2 SCHR [7] STk [13) FIA S 7 v L A 45 SR 0
2P 3 a5, K 3(c) MK 3(d) #RFTEARTE, M
GBS o 47T AR AT B IE B ECAE, 1T AR SCO7 VA A
OB, B T BB S BRI A, v i 5 1 4H
AR RINILE, FHE5 25 EERTIR. F 5
By, IATREEAT THMNKE & o0 is, 458

W 3, ASCHIEAR BB PIASVRA F8bm AR ELSTHR (7]

SCHk [13] 3WH —E R E, W MSE 15 24 %4
/>, Dice ratio 192 KR &, S SCHEILRC

(a) ZHEK

(a) Reference images

(b) ZIE1S
(b) Floating images

Kl 3
Fig.3

(a) ZFE &

(a) Reference images

(b) ZHREG
(b) Floating images

K 4
Fig.4

(c) ik [7]
(c) Reference [7]

(c) SCHR [7]
(¢) Reference [7]

HER R B i X2 RN RANAE £ 3l Demons HikH
RN T 5r BN TR 4, AR BUE I = R4, o
ST RS MG R R A BB IR
3.3.2.2. AR G AL HE

PATIERE T A RS 1M S R T B AT S
5, 2R 4, K E 4(a) 2 HEE, K 4(b)
FEAILEINE, B 4(c)s B 4(d) FIEE 4(e) 43512 STk [7]
SCHR [13] FIAS SO VERI B eSS 3. I 4 AT LAE
Kl 4(c) MER 5 FEGMHERZ, B 4(d) k2,
Kl 4(e) 5% UG REZIL. X0 SCHR [13] FI5E
BR T SCHR (7], X2 R 9 SCHR [13] 7RI 5K 30 /7 1)
BTN T 20 B0 i B2 3R 3, (H 2 BT SCwk [13]
(1953 BB B O HE i P e — N[l e A, T AR S
JIVEAESCHR [13] (SRR T 23 B0 B vk ) H i
N, B EEAR 4 EUE 1 = 3045 B E B 30T S5 MR

(d) 3CHik [13] (e) ASLTTi:
(d) Reference [13] (e) Ours

e DR T P 4 45 R

Regristration results of coronal plane

(d) 3CHk [13]
(d) Reference [13]

IR THIHC HE 25 SR ]

Regristration results of sagittal plane
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B RIEIRTER 4, WEEER 4 WA, AR ST
PSPPSR AR B S A X2 RO AR SCRIE SN
T EEN o E, W TR AR A, R
P A BEAS 2R Ry, ATTTAIE B 1 32 Hh 05 o T
SRR TH] P B HE A A 2.

4 FARTHECHERS FEXS LL
Table 4 Comparison of registration accuracy of
sagittal plane
MSE Dice ratio
fic T 0.0910 0.4935
SCHR [7) 0.0598 0.6972
SCik (13) 0.0249 0.7854
A 0.0093 0.9278
3.3.2.3. DI EE S5

BATEFE T A [FIAEL S (1) i 35086 D7) T P 453k A7 i
HESLIG, eI aE WanpE 5, HAE 5(c). B 5(d) #1
Kl 5(e) 73l A& STk 7]~ SCHk [13] FTAR S5 V5 i B
LG . I 5 AT LA L, STk [7) ATk [13]) A
VEER A TCAE Sy, AR SCEE R IC 2 R Bk T K
B ER A ZE0 4, HARLRI# S 2% BUR LL i
T 5 A DL B, A SCTTVE I RS PFAN Fa bR
B, X REARAE . TRGRRERES
SEAIRZ MR R, BB EITET &K,
B AR R R 23 BB B 55 S O R, 0T RO

1949
x5 REYIH ARG BT
Table 5 Comparison of registration accuracy of
transverse plane
MSE Dice ratio
PieAEHT 0.0689 0.5214
SCHR [7) 0.0497 0.6743
SCik [13) 0.0163 0.8057
ARIEE 0.0049 0.9649

BI51 XI5 B A BT AR B, 1k R 5540 2 A
SHECHE X I B A BRI 5
3.3.3 [ /ERTESEIE

A FH T fE P T %o T M PR RCR HEAT R B, i
BrainWeb B4 o 1 i 358 B % 32047 K. H 3¢
Mk [13] H SR [ 1) 40 BB e kot G A7 Ab B
I H F AR F B o @ N T2 R SL IR ik
B, K SCAE % SCHR 0 Rl L 2 57 7 20 BB v i
O B AR AL A HH EL B SCHR [13]) FIA SC S
FCvE IS 18], SEE6 45 ik 6 ffon. ME 6 1T LLE H,
AR SR S R ()35 22 | I IR R A SC B9
T BB G R B IR, 5T RN R R R
B BN OO AR T SOk [13) MOSVE R R il A
HAERET 1ANEE B IR, B R R 1
AN G BB O B, O SRV BRI TR) A K
(LA FH SCHR [13) SR - 3R B EE B Y 7
It 2 RS B AR CED T R R 1 AN Y
R AT I B KN 0.1~0.9 7 B 9 )

(a) BEEG (b) AT L (c) SCik [7] (d) ik [13] (e) ASCTTIE:
(a) Reference images (b) Floating images (c) Reference [7] (d) Reference [13] (e) Ours
K5 D)l eSS R
Fig.5 Regristration results of transverse plane
® 6  AFEBEERIEEXTLL (s)
Table 6 Time comparison of two methods (s)
SCHR [13] HIJ57E (R FREITIR) o
ARV RS . RNTTE
a=01 a=02 a=03 a=04 a=05 a=06 a=07 a=08 oa=09 LitHE
I 3.21 3.14 2.98 2.76 3.03 2.89 2.92 2.67 2.58 26.18 17.69
II 3.72 3.65 3.37 3.54 3.68 3.03 3.29 3.21 3.16 30.65 19.08
1T 4.64 4.61 4.53 4.57 4.65 4.06 4.52 4.18 4.49 40.25 26.83
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SLHG, IXRE 9 YR SEG [ s [ DU B AR S AR M IS
BB 2. B2, ASSCREARRT T 3CHR [13]A 5 sk s
I 1) T 5K, (EDGS T 2 Y S 6 PO I T] A AT O T e
BA— RIS, Jf HAR i 2 Rsei S
AR K, KL T BBk B SR T

ARSI T B IE N B ey, 7 2R
AP HED BB LR, NN 7R,
A, BATIIAZ 70 HER 5. R, BeA T b
T 200 R 3 SRS ANAS R 22 70 0 20 SR BEAT e 1
FITAE 2% (OB [, 47348 HY BrainWeb B2 Hh i i 50
BB REAT I, SIS S5 RUNER 7 s, R 7 Wl A,
K2 73 A RIS AT HCHE S, I )T T UK
Pl T K P v SEI2R ) 22 20 R S i
AR IR AL

7 AR IE XL (s)
Table 7 Time comparison of two strategies (s)
K% USSR EZ s S PRiEZ g =S
I 30.25 17.69
11 28.04 19.08
111 40.63 26.83
4 LHR

¥ HIER R-L 0 4 51 A% 33 Demons
ik, e T R EG AR 5, 5980
IG5 10 25 X 355 ) B RS A R . T BB R
TR B T BN I I S N A B 5
R T AR IR, AR RS T 3 A B
SRR, SEEL T BB M O & R L R A
&R BN 5l N E] Active Demons HiEH, If
K 2 03 HER SR WE AN [F) 20 2R 1 UG 43 kAT T
BoiE, fE—E 2B Lot 7 G I ERA N 3 s AL,
T FE S T ECHERS B R 22 R (UG kAT T K
S, SRR A SCER W RE U S T R A
B FENI L v, 25T T BRI R B R 5 e i
BN IR BN R SC RSB T B IR B & R, B
TR B9 30 O . A S = B A X IR 3D
GAEZ U] UG AT BCAERTE 5, J5 SRR %
FEWF FUXT BRI 3D EUR AT L E. AR K B 5
B2 R () I 22 MG AR NI B AE.
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