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Active Demons Non-rigid Registration Algorithm Based on Balance Coefficient

XUE Peng' YANG Peit CAO Zhu-Lou! JIA Da-Yu'! DONG En-Qing'

Abstract Classic active demons algorithm uses gradient information of the static image and the moving image as driving
forces, and uses a homogeneous coefficient to adjust their intensities. Although the algorithm overcomes the disadvantage
of the demons algorithm using the gradient information of a single static image, the homogeneous coefficient of the active
demons algorithm can not accurately handle registration with both large deformation and small deformation, and will
cause the mutual restraint problem of convergence speed and registration accuracy. In order to solve this problem, this
paper presents a non-rigid registration algorithm based on active demons algorithm, which introduces a new parameter
called balance coefficient to the active demons algorithm to adjust the driving force in combination with the homogeneous
coefficient. Not only can the large deformation and small deformation be taken into account at the same time, but
also the mutual restraint problem of speed and accuracy can be eased to a certain extent. In order to further improve
registration accuracy and convergence speed and avoid falling into local extremes, a coarse-to-fine multi-resolution strategy
is introduced into the registration process. Experiments on checkboard test images, natural images and medical images
demonstrate that the proposed algorithm is faster and more accurate. The registration accuracy is improved by 54.28 %
on average, and is close to that of the latest TV-L1 optical flow image registration algorithm.
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DB A M L 54.43  55.31 58.36 59.97  87.74
JH—1E TS B 1.42 142  1.43  1.43 0.71
SERFERLEE (%) 95.42 95.74 96.82  97.41  99.97

3.2 BREGIIESH
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ol AN Tl 12 2 R J3E 1) P 4B 7 ol 0B AT G A S . HL v,
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BT FnE 12 2 4Ex B R B2 Lena |14
PATRYBCHE LS. P 11 (a) ShiFshEE; K 11 (b)
F%:% Eg; B 11 (c)  Demons ByE IR HESS S
K 11 (d) b Active demons B¥EMECUESS R, o K
1.5; [ 11 (e) &y SIAD SLRECHESS R, o M 1, k Hy

1.5; | 11 (f) > MIAD BEmBCHESS R, o A 1, k
A L5, SRR 3; 18 11 (g) 2 TV-L1 AR HE
g B 12 AEHEE s E G 555 BRI 2=
K, B 12 (a) ~ (f) 435Xt R4 46 ZE(H . Demons -
¥ . Active demons 8y, SIAD &k MIAD 5k
M TV-L1 ByAmy 2=l K. % 3 S 5 Pk i e
SRR L.

ME 11 FE 12 R ECHELS R ZE R TP rT PABH &2
% thh, Demons FE3k 58 M T B G o /INEAZH 2  TC
e, fE—ERRE E Ik TR B P LR R
AR, AH K AERAL AR M5 T, JE BANE -t A AR
THAS; Active demons B yEAH H Demons 2 yETE
AL BRSP4 T o o) A AR b I S, e Sk
RARBLANHTIE. ABXTIEAS BN Y J] X e, FE4
1T Active demons FARCHEZ J5, BIRIEAS IS K
SIAD vk AUfREY: T Active demons FYETELER
/NI A PR Sk B v ) )8, T ELAR B T R A X,
FCVERHERAYE, B R ZE /N, MIAD Sk BCHE R
Zede/ N, BLHER) ZE ARG, IR T 250 HER kg
SEELRG L. B HE IR I 55 2% B 1% B ZE (6 R
F, TV-L1 FyARCHE RSO & e i i), HIHE ZE(E E
NG BA AN LY.

M 3 W 5 PRI VAR DAE t, X T
TV-L1 SGiisnsaik, T8 ImERIRA A R
R SEESN, HAB R FEIRET S B Ay [RIBE, TR
R REEE, BT TV-L1 4 H 5 MEtpmT
HoAh [ 2%, Rl @ S5 AHURE, T A BBl e
HIRZ . XD R T AU E, REASAR
IR B R AR T 514

B 13 e X /NEERE O B R KB
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demons BERYECHEL R, o 4 2; 13 (e) Sy STAD
BERIELE R, a 0.5, k 2 1.5; [/ 13 (f) S MIAD
BEYERMELHESS R, o S 0.5, k 2y 1.5, 5-RJEH 3;
K 13 (g) b TV-L1 FkpinEgs R, h Tzt ©
R a/NEZEE, FENEEFE, B 5 FEHEE
VEARBI ) L AE R A TC TS B AR =, MR 13 A
AR LS AR ERE S H N 25 5 TR, X
LEVEAF R L E R B 5 2% R 2 A K, KEE
PR ER 22 b/, BEIR SoRE B, IrDAax 3L
A SE 2R B k. FRATAT DMEKEER 4 1 5
T SV T 235 SR () B L8 A LA T V).
3 ECUHELE RN E T

Table 3  The objective analysis of registration results
NI Demons AD SIAD MIAD TV-L1
)52 (x10~4) 13 811 619 281 4.61
HHAE (%) 96.35  97.69 98.25 99.22  99.87
DB I L 66.59  71.15 73.87 81.75  91.49
H—LHAZ 1.37 1.29  1.39 1.41 3.96
SRR (%)  88.55  90.99 9256  96.28  99.11

M4 g 5 FEUTER (R, G, B B
iE4r4)) B PAE H, Demons ¥k, Active demons
#yk . SIAD &y, TV-L1 By iy

(a) FahEg (b) ZHKEIE

B /T MIAD Sk BCHES Iy ik 2. (HEACR
X 5 MR 4 DEMIEFRE AR Y, X
LR T/ NEAR €0 B SR MR, A SCi iy SIAD
&y 5 Demons &3k, Active demons ¥R
FAGEA, B try MIAD H3E A0 Demons 4
¥%. Active demons FyEA1 SIAD SZyEST, X 358
2l T Demons F¥:. Active demons B LA B8
K/NEAR RIS AL E. H 3R F A ik [ 1 02 A2 B
MR EE, BfEEREFE, MIAD B3R EE R
K. FER L2 T BURIEAE R, 2
MIAD FAILH.

K4 EHESERIE T

Table 4 The objective analysis of registration results

TN Demons AD SIAD MIAD TV-L1
R 5.09 503 5.12 1869 250

W% (x107%) G 5.07 510 533 17.68 247
B 469 479 501 16.71 3.20

R 99.84 99.92 99.92 9990 99.99

MEZE (%) G 99.86 99.86 99.85 99.83 99.98
B 99.92 99.84 99.83 99.81 99.71

R 91.07 91.12 91.04 90.19 94.16

V(B A g L G 91.08 91.05 90.86 90.43 94.20
B 9142 91.33 91.14 90.67 93.08

R 325 326 325 327 398

H-kERFE G 3.17 3.17 3.16 317  4.03
B 302 302 300 301 363

R 9887 97.49 97.56 97.71 99.21

SERAARIEE (%) G 98.99  97.46 97.41 97.44  99.27
B 9870 97.30 97.23 97.23 98.89

(e) SIAD %k () MIAD %k

(©) Demons B3%  (d) AD Hik () TV-L1 B3k
(a) Moving image (b) Static image (c) Demons (d) AD (e) STAD (f) MIAD (g) TV-L1
BT IR HESS R

Fig.11 The image registration results

(a) BlEA=E
(a) Original difference

(b) Demons ik
(b) Demons

(c) AD %1k
(c) AD

(d) SIAD ik
(d) SIAD

(e) MIAD #iE
(e) MIAD

(f) TV-L1 #iE
(f) TV-L1

Bl 12 EBITCHESS RS S5 EE R 22

Fig. 12 The differences between the registration results and the static image
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Fig.13 The image registration results
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2 SEUNEAR K IE K, 77 A R vE B R A
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M D 15 Tl PP ¥ PAE H, Ac-
tive demons FYE 1) 45 T & WL V4 8 F5 0 S5 R840
Demons 53k, FCE M REfc 2=, X055l 19 958
SEAHNE . 2T TV-L1 fH—4b H.AZ 2 5 o,
MIAD S At 4 FhEWIE Fa bR s, B PARC
YE SR A X e A

JF98E S 12 32 A OB T T i i A v, IR 97
DAL EFNTER TT fiE K A2 A8 Ak, $E X TR DA K BB IX
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S 3; B 16 (g) i TV-L1 SFyAELHELE . B 17 K 5
FEEMES R 5SS KGN EMER, T A5
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M 16 FiE 17 drml DUF H,TV-L1 Fkny
T ROR &2 5 i 19; Demons 55355 T B4 3
) IIEAS KI5 5 2% B AFFEAR RI m 22; Active
demons FYA L Demons FYAH T — & FE LTS,
{BAER B/ N AR DS B T BH S A R B L4
SIAD Z¥EAH L Active demons ¥k, Br iR 2
/NTARZ; MIAD B3R5 iR HERCR T, ot
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Table 5 The objective analysis of registration results
LRIwRS Demons AD SIAD MIAD TV-L1
B (x107%)  4.78 7.53  3.06 0.81 8.56
HHE R (%) 99.81  99.70 99.88 99.97  99.97
U 5 1 L 99.51  94.94 103.94 117.26 98.81
H—bEAF & 1.43 1.31  1.44 1.54 3.49
EMAARLEE (%) 98.71  98.44 99.03  99.76  99.34

6 MCHESSRAVE AT

Table 6  The objective analysis of registration results
IR Demons AD SIAD MIAD TV-L1
W7 (x10~4) 30 19 16 14 11.4
HERE (%) 97.21 9826 98.50 98.75  99.06
VA58 L 58.08  62.81 64.29 66.05  77.56
AL A 1.38 1.39  1.41 1.43 2.90
LEAARILE (%) 83.55  89.27 89.61 94.40  98.77

AT A A AR A TRE MRS O T T A B
VEIREEE, SCHR (18] 58 LT P kAU, 5=
T
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(a) Moving image

(b) ZEIE
(b) Static image

(c) Demons #i%
(c) Demons

(d) AD H¥%:
(d) AD
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Fig.14 The image registration results

(2) WaR7:ME

(a) Original difference
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(e) MIAD 5032
() MIAD

() TV-L1 ik
(H) TV-L1
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B 15 ERICHESS R 527 R ) 2= 1K

Fig. 15 The differences between the registration results and the static image
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(a) Moving image (b) Static image (c) Demons (d) AD (e) SIAD (f) MIAD (g) TV-L1

K16 EBRHCHESS R I

Fig.16 The image registration results

(c) AD #i%
(¢) AD

BT ERICHESS R 5 2% R ) 2 (A

Fig.17 The differences between the registration results and the static image
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Table 7 The objective analysis of difference algorithms
AD SIAD  MIAD  Peq, Peun
Cases

(x107%) (x107*) (x10=%) (%) (%)

1 40 29 25 27.5 37.5

2 8.11 6.19 2.81 23.00 65.00

3 0.497 0.515 1.769 16.67  53.33

4 0.753 0.306 0.081 59.32 89.28

5 19 16 14 15.79  26.32
Average — — — 28.45  54.28

oz Ut U6 e 2 TV-L1 % i 35 i it 55
. Demons ¥, Active demons B ¥, b2 A
SCHE BB A R B T K AR B, EEXENEAE
) G BC A BH S 8O, A RO AE 1 K 5 ik
T RURFHE R R HESRE A LS. R, A0k
WAETEM FA R, T BRI T iS4, ek
ITECHESEIRIT, R T iRS] S ECHERS B, SRR A
BEA, W] RERR BT S EUE IR TAE, DA
BUIEE S S NG
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