3D-2D Deformable Registration
A Survey
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Definition

Plain Image(s) (2D, calibrated)

Imaging geometry

TeD .

7e SE(3): Transformation
D R3—R3: Deformation
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3D-2D Deformable Registration

* Intensity-based
— Mutual Information (most successful)
— Segmentation Driven

 Feature-based
— Point-based (landmark)
— Contour/ Silhouette

* Hybrid
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Intensity-based

3D Volumetric

(dis)similarity measure
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Intensity-based

J. Yao & R. Taylor (2003:1ccv, 2003:1JPRAI)
NMI + Downbhill Simplex / Powell's method?
Multiple-layer flexible mesh & mesh deformation

O. Sadowsky et al. (2006:1SBI, 2007:MICCAI, 2009:MI, 2010:TMI)
NMI + Downhill Simplex

T.5.Y. Tang & R.E. Ellis (2005:MICAD
MI/NMI + Downhill Simplex

etc.
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J. Yao & O. Sawdosky

* Normalized Mutual Information
NMIy = (H(Ix) + H(DRRy))/H (I, DRRy,)
H: entropy of pixel intensity distribution
DRR, = DRR(t, R,, s, {w})

* Downbhill Simplex

— alternate subsets of parameters (translation (1),
rotation (R), global scale (s), mode weights {w,})

— search for the optimal value on each subset
— fix the result when searching the next subset
— multi-resolution, multi-step-size
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Segmentation Driven

T. Brox et al. (2005:DAGM) [Saarland University]
Weighted summation, level set

R. Sandhu et al. (2009:CVPR) [Anthony Yezi]
Active contour w/o edge, gradient flow
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T. Brox et al. (2005)

Image segmentation coupled w/ pose estimation

E((I),Q&):-/ (H(®)logpr + (1 — H(P))logpz) dz + v / \VH(®)| dx
J 2 J 2
A /Q (@ —Bo(08)) dz.  exp(68) = S5, UL ~ 1+ 6¢
Sh::pe
i PrLaw (Y2 O\ (o (0€) — &
0:d = H'(P) (logp2+1/dl\ (lw)l» + 2A (o (0€) — @)

H: regularized Heaviside function

[t can only improve the tracking of the object, once a good
pose initialization has been found. How to find such an
initialization automatically is a topic on its own.
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R. Sandhu et al. (2008)

Active contour w/o edge

E:/Rro(](x).é)d!?—l—/c'I’B(I(x).é)d!?.

Gradient descent

dE o\ oro e / org  0¢
. o ] gro () . 10

N /é(ro(l(x)) IB(I(X))) <6/\i.n>(1q+/R< 5% 8/\i>dQ+ RC< 5 (")/\z'>(

Lifting up to Occluding Contour

dE X|| [kxre]/ 0X
= L (rolr0) = ra(rrx) ) - 50 [N T N Mo
Deformation

P(Xo,w) = B(Xo) + 35 withi(Xo)
s.t. P(Xo(w),w) = 0.
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Feature-based

2D Contour

"~ 3D Apparent Contour
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Silhouettel-based

* Objective function
P
ER,T,wy.. w) = Z_; 1113:_111 |Ipj — (Rgg(wy...we) + T_)HQ
"~ projection ray

* Strategy

— Rigid 3D/2D registration
— Global deformation
— Local deformation

1. Silhouette is defined as the outer contour of an object.
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Silhouette-based

A. Gueziec & R. Taylor (1998:T™1, 1998:SPIE-MI)
M. Fleute & S. Lavallee (1999:MCCAID)

S. Benameur (2003:CVPR, 2003:CMIG, 2005:TBME)
Gradient descent

H. Lamecker (2006:I1CPR)
Gradient descent

R. Kurazume 2007)
Distance map

G. Zheng et al. (2007:MICCAI, 2006:MICCAI)  [L.P. Nolte]
Point-line (vertex-ray) ICP + AX=B (LU)

M. Groher et al. 2007:MICCAI)
EBM (EM?)
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Variants of ICP

® 9

* Gueziec L ”y*
— 3D point-line distance A
* Fleute
— 3D line-line distance / /

» Zheng

e

— 3D point-line distance
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Yoshinobu Sato @ Osaka
a vector from the COG to the i* patch

R Kurazume (2007)

Total force (F) and moment (M)
around the center of gravity (COG).




M. Fleute (1999)

P
E(R,T,w;...w;) z:l ?y}&G Ilp; — (Rgr(wr...we) + T)||
J:

* Perform rigid 3D-2D registration
* FixRand T

* Perform Downbhill Simplex for {w,f
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S. Benameur (2003, 2005)

Rigid Registration (LS)
— manually selected landmarks

Global Deformation

|
——— ) Ypalx,y) — Z Yrat(x,y) + 5

fipA MLAT 1o,
projection of the apparent contour

Y(x,y) = Canny Edge ® Gaussian

Gradient descent
+ multiple initialization
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S. Benameur (2003, 2005)

Local Deformation

L Z Upa (X, y) | Z Yrar(x,y) + ; Z
2 =

lPA T, MLAT 1

1 1 ez L
4 5 /1—2 ||6; — (‘)_,'||2+ V_gllész
= =1 K j l) o

4-neighborhood

b2
A,

Stochastic optimization (Exploration/Selection
algorithm?)
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G. Zheng (2007, 2009, 2010)

Rigid Registration (ICP-like, manual initialization)
Global Deformation (Instantiation)

free parameter

( E.(X',V,x) = (pH1log(3n)) - E(X",v',x) + E(x);
X=X+ Z‘-O‘k'ak‘Pk
k=0

n—1 m-—

| E®.V.x)=(1/n)- 3 ||V~ (%), +Z@m P ()1

l 0 |

~ optimize the coeff.

m—2 image

E(x)=(1/2)- 3 (of)|points

\ k=0 (2D)
regularization

Minimize the (average) projection error while
regularizing the modes.
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G. Zheng (2007, 2009, 2010)

Local Deformation

deformed atlas

= (70 31RO 4 e

i=0

free parameter

20

thin-plate spline

L

L(t) = / / /SR (B(t))dxdydz; and |
2
)

= (ax2> 2 (aa;y> +

92 \°> /&
k ”(ayaz) *( %

2 2
82
) +2 (62&\’)
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M. Groher et al. (2007)

Segmentation-Driven 2D-3D Registration for Abdominal
Catheter Interventions

, projection _
3D point cloud — 2D points
vessel centerlines & vessel centerlines
bifurcation locations derivative-mean filter “a"%

Error measurement (in 2D)

£(x)|=d(x,C(x, {PoXj}))’ distance of closest point
Density function (in 2D) isotropic Gaussian
POVl =1,1,M) = o%lzn()g(x . generating seeds for region growing
3D-2D registration Downhill Simplex
min Y, €(x)
Initialization exhaustive search
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Hybrid

A. Hurvitz & L. Joskowicz (2008:1JCARS)
2D-2D B-spline registration + 2D-3D ICP

J. Yao & R. Taylor (2003:1JPRAD
Weighted summation (NMI? + attribute vector)
Powell's method

Multiple-layer flexible mesh & mesh deformation
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A. Hurvitz & L. Joskowicz (2008)

b

/_/'-lh DRR

B T’:I‘)

BT‘:D
o”"l"—’—‘_———

A
Cjj

Vi

i-th DRR
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estimated

bone surface

i-th virtual

camecera

apparent contour

tetrahedral mesh + surface mesh

i-th X-ray

< i-th fluoroscopic

new estimated

bone surface

D( TR ° “"l,((',/ ), ’..‘r)

Tr *Wo(cy)

a. Project apparent contours

b.1. 2D-2D intensity-based deformable
registration using B-spline

b.2. Apply B-spline transformation to
the projections of apparent contours

c. Minimize the sum of point-to-ray
distances (ICP-like, feature-based)
using Pattern Search algorithm



J. Yao & R. Taylor (2003)

shape difference

E(mdl,img) = wSIE(S) (mdl,img)

+ Wy

density difference

ED (mdl, img)

all vertices on the model ?
E®) (mdl,img) = Z (g(mdl) (v3) - g1™9) (vy))

surface THormal

voxel density

image density

d"m9) (t;, 1)

N(t)
d™m) (t;. 1) —
E(d) (7ndl if,ng) — Z f ((— (3] —
’ mdl ,
i=1 d( )(tz’ /‘l“)

L

Powell’s method
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J. Yao & R. Taylor (2003)

Constrained Local Deformation

* Attribute vector without
. . mom ll’lﬁ P~
(d ; g) = density + gradient
. . (b)
* Gaussian morphing .
2 .
Avg = vy —vg Av; = Avg - e~ 307 (@) mﬂL}“ﬁX
* Adaptive deformation focus o onen® ©

The vertex with highest matched image attribute
vector will deform first and drag its neighbors to
morph. Then, move the focus to the next highest
matched vertex.

* Maximum deformation range
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Thank you!





