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Abstract.  This contribution intro ducesa new Intensity-basel technique
that leads to local 3D-reconstruction of a stenosis from many angio-
graphic views. We examine the reconstruction of a local region of a
non-rigidly moving heart with unknown motion, using methods of re-
construction of rigid objects and without using ECG-information. Our
basic idea is to assumerigidity for the ROI, and to xate it by compen-
sating its unknown motion by an additional camera movemert. This is
achieved using an iterativ e 2D-3D intensity-based registration approach.
To our knowledge the idea of xation of the ROI and the usageof rigid
reconstruction algorithm from many angiographic views for local-heart
reconstruction has not beenyet addressedin literature.

1 Intro duction

The early detection and correction of aberrations of coronary vesselds of highest
medical importance to avoid occlusionsor to minimize the damageof the heart.
Image data are usually acquired with cardiac C-arm devices, that allow the
acquisition of image sequenceq30 Frames/sec) of the beating heart. High-end
systemsprovide two views from di erent directions to support the physician to
conclude the 3D{structure. The 3D{reconstruction of the vesselswill lead to
an improvemern of the work o w and of the treatment. The diagnosisof stenosis
doesnot require the 3D-reconstruction of the whole heart. The region containing
just the malformation (region of interest (ROI)) should be su cien t to extract
the neededinformation, suc asthe degreeof stenosis.

3D-heart-reconstruction comprisesusually two problems:extraction and track-
ing of points as well as structure computation. The segmemation of coronary
vesselsis addressedin [1]. 3D-Reconstruction is mostly reducedto the recon-
struction from two views of the sameECG-state [2]. Including all angiographies
requires heart-motion estimation and/or compensation [3,4].

In this paper we intro duce a new technique that will at leastlead to a local
3D{reconstruction of a stenosis.Section 2 states the problem. Sections3 and 4
explain the chosenprocedure. Section 5 preseris experiments on generic data.
Section 6 concludesand describesfuture work.



2 Problem statement

The C-arm is rotated around the patient with known projections matrices Let
C; bethe center of the cameraat time t;. The heart is a deformableobject and
is moving with unknown motion model. Let the geometric point w; denote an
arbitrary heart position at t;. The projection of w; through C; is referredto by
gi. The obsened point gi+; at tj+; arisesfrom the simultaneous movemert of
the cameraand the unknown non-rigid heart movemert betweent; and tj+; . We
denote by H }; ,;, the non-singular 4 4 homogenousmatrix describing the
3D{motion oé w; betweent; and tj;+1 . The following equation establishesfor n
framesthe relationship betweenw; at t; and its projection e;+; after motion at
tix1 (in homogenouscoordinates):
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The reconstruction of the small region containing just the stenosiswould be
su cien t for the physician to extract the neededinformation. In the following
we will keepthe heart locally rigid?, i.a all points of the ROI have the same
3D-motion H e"l’l ) - The relation in eq. 1 remainsif we x the 3D{point in a
referenae position wy and expressthe relationship wrt. this reference.Besides
assumingrigidit y for the ROI, it can be generalizedto m points:
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The gain of this formulation is that we are now able to compensatethe motion
of the ROI by integrating its movemert into the projection matrix: P;H 2’5”.
The ROI becomesxed in 3D. Therefore the usageof the ltered-bac kprojection
(FB) [7] basedon the updated matrices becomespossible.

Section 3 describesthe approac for reconstructing the referenceposeof the
ROI. Section 4 addresseghe problem of updating the projection matrices and
compensation for heart motion using an intensity-basedapproad.

3 Computing reference pose

For anumber m 2 IN of corresponding points in two views (that will be speci ed
in the next section), a referenceposition is computed using the optimal triangu-
lation methad [5, p. 305]and the given projection matrices. Due to heart motion
this results in 3D-points whosereprojections do not perfectly suit to the given
corresponding image-points in remaining frames. As this is not necessary(just
"reference points" are needed),we can chooseframes which do not correspond
to the same ECG-state, as long as the structure of ROI in the two views is
presened.

! The validity of this assumption will have to be justied by experiments.



4 Intensit y-based update of Pro jection Matrices

In order to estimate the ROI-motion we proposeto use an intensity-based 3D-
2D-Registration approac. Penney designedin [6] an algorithm to obtain the
poseof a CT volume wrt. a single uoroscopy image. The basicidea is to pro-
duce digitally reconstructed radiographs(DRR's), which are compared to the
uoroscopy-image using a similarity measure.Given an initial estimate, the pose
of the volume is optimized in a six-dimensional seard-space.

In order to apply this algorithm we need an initial good ROI-volume that
will be usedfor registration. We proposeto segmen and track one single point
(m = 1) in the ROI, reconstruct a reference-pint and perform a rst update for
the projection matrices as following:
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where h‘(’g i) isa3 3homogenousmatrix cortaining the 2D-displacemen vec-
tor from the projection of wg via P; to ;. This results in projection matrices
Pl = h‘(’g;i)Pi which hold one point of the ROl xed in the referencepose,and

compensateits 3D-motion by a 2D-displacemen. We used P.° to reconstruct
an initial volume V °. The volume V © is iterativ ely registered with the C-arm
sequenceuntil stabilization of the estimated parameters.In ead iteration k the
volume V¥ 1 is registeredwith ead of the frames using its Pik ! for initializ-

ing the optimization. This yieldsto RX and TX describingthe new volume-pose
that bestalign V¥ 1 with the images.The estimated parametersRK and TX

are used for updating the projection matrices, that are usedfor reconstructing
VA
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5 Experiments: Phantom Data

We performed two experiments using sequence®f 133 X-ray imagestaken by
Siemens-C-armduring a rotation of 166 . We captured two phantoms: a "non-
moving" stenosismade by knead; and a "moving" electrical-connector (seeFig.
2 and 4, left). In all 512 512 gray-imageswe segmertted and tracked a single
point of interest (POI). We used the Levenberg-Marquardt-algorithm for the
optimization and the gradient-di erence[6] as a similarity measurebetweenthe
uoroscopy-imagesand the created DRR for ead motion estimates.

Exp erimen t 1: a non-moving stenosis-phamom was considered. The goal is
to ched the accuracy of segmetation, reconstruction and reprojection in the
absenceof 3D-motion. The result of this experiment will be taken as a referring
point for the amount of error induced by these steps. Fig. 1 shows the volume
reconstructed by the FB using the projection matrices, delivered by the cali-
brated C-arm, as well as the initial volume V ©, reconstructed as described in
section 4, followed by the results of four iterations of successie registration and
reconstruction. Fig. 2 shows the initial and nal posesof cameraceners.



Fig. 2. Left: Phantom stenosis.Right: Poseof Camera certers before and after motion
compensation

Exp erimen t 2: a real moving object with unknown 3D-motion was considered.
Fig. 3 shows the volume reconstructed by using the projection matrices deliv-
ered by the calibrated C-arm, aswell asthe volumesV ° til V, results of v e
iterations. Fig. 4 shows the initial and nal posesof cameracenters.

Fig. 3. left: Original volume of electrical connector. Right: 3D-Reconstruction results

Discussion: The artifacts in experiment 1 in V ° are due to the errors in the
initial update of P2. Theseare due to incorrect segmenation and detection of
the POI. The artifacts have to be compensated by additional camera motion
(s. Fig. 2,right). It should be mentioned, that the posesin Fig. 2 do not show
the orientation of the cameraaxis. Neverthelessthe positions induce a certain
smoothness,that could be usedto introduce motion constraints.
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Fig. 4. Left: electrical connector. Right: Poseof Camera certers beforeand after motion
compensation

Experiment 2 proves experimentally the idea of xation sincethe object is
really moving. The artifacts in V ® are dueto the convergenceof the optimization
algorithm in local minima. Current work is focusing on a re ned registration
using gradient projections at edgepoints [8].

6 Conclusion

The possibility to compensate the motion of a local non-rigid heart region by
an additional cameramotion, while keepingthe region of interest xed hasbeen
examinated. This hasthe advantage to use known algorithms of volume recon-
struction for xed objects. Future work will concenrate on the developmert of
rigorous criteria for termination and reconstruction accuracy, propgating motion
constraints and testing on anatomical images.
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