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Hierarchical Region Based Template Matching Technique
for Global Motion Reduction of Coronary Cineangiograms

K. A. S. H. Kulathilake, L. Ranathunga, G. R. Constantine, and N. A. Abdullah

Abstract—The Coronary Cineangiogram (CCA) is an
invasive medical image modality which is used to determine the
stenosis in the Coronary Arteries. The global motion occurring
due to the heart beat makes great disturbance to obtain the
visual alignment among the vessel structure shown in the CCA
frames. Therefore, the recorded vessel structure’s position in
CCA varies within the frame sequence. This paper describes a
hierarchical region based template matching technique to
reconstruct the CCA by reducing the global motion artifacts.
This proposed motion reduction technique is efficient and it
reconstructs the CCA by reducing the background motion as
desired. Experimental results of this method have shown its’
ability to maintain the visual alignment of the internal blood
flow among the frames.

Index Terms—Angiography, computer aided diagnosis,
image motion analysis, medical diagnostic imaging component.

I. INTRODUCTION

Coronary Angiogram is one of the invasive medical image
modalities used by the clinical practitioners as a preliminary
diagnostic technique to detect luminal obstruction or the
degree of stenosis. Coronary Angiograms are produced either
as still images or as videos (Cineangiogram) [1]. The
diagnosis based on Coronary Angiogram is subjective
because, the results are produced through the visual
judgments by considering the contrast agent flow. Hence, in
most cases, these assessments fail due to the visual hindrance
and lack of quantification capabilities not only in image
based Coronary Angiograms but also Coronary
Cineangiograms (CCA) [2], [3].

It is desirable to do an objective assessment of detected
stenosis based on the functional significance of Coronary
Avrteries such as flow rate and flow velocity recorded in the
CCA [1], [4]. However, the motion artifact occurs due to the
heart beat (global motion) and patient movement makes some
visual disturbances to do the objective assessments using
CCA. Further, it is difficult to envisage the visual alignment
among the vessel structure recorded in the frame sequence of
CCA because, the position of the vessel structure varies
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within the sequence of frames in CCA due to the motion
artifacts [5] (see Fig. 1).

Therefore, we aim to develop a mechanism that can reduce
the motion artifact in the CCA to obtain visual alignment of
the vessel structures among the CCA frames. Our proposed
method introduces a Hierarchical Region based Template
Matching (HRTM) technique to reduce the global motion
from the CCA to maintain the visual alignment among the
Coronary Arteries shown in the frames.

The rest of the paper is organized as follows: The recent
research findings related to the motion compensation of
Angiography are explained in Section Il. The methodology
of the proposed technique is described in Section IlI.
Experimental results of the method are reported in Section
IV, followed by discussion on the results. Finally, the
conclusion section briefly explains the future work that can
be extended using the results of this proposed technique.

Il. BACKGROUND

This section briefly reviews some selected recent
publications which explain some research attempts to
estimate and eliminate the motion artifacts from Coronary
Angiography. Scale Invariant Feature Transform (SIFT)
based motion estimation and video stabilization technique
was explained in [5]. In this study, the SIFT was used to
estimate the translational distance and direction between two
frames and the motion compensated video was created using
those estimations.

Image registration based motion compensation in
Angiography has been reported in many research
publications. Kumar and team has explained the application
of image registration techniques for motion correction in
Digital Subtraction Angiograms [6]. As the image
registration techniques; a light weight modified demons
method and a constraint-based inverse consistence image
registration method has been applied. Meijering et al. have
also applied the image registration technique for Coronary
Angiograms to produce motion compensated Angiograms
effectively and efficiently [7]. Ko, Mao and Sun have
introduced a multiresolution based image registration
approach and their method automatically registers the arterial
structures in the areas of interest selected from a pair of
sequential images [8]. Further, it provides a sub pixel
precision in registration [8]. Reference [9] discusses about an
intensity based medical image registration tool box which
consists of a collection of algorithms that are commonly used
to solve medical image registration problems. Meunier and
team proposed optical flow based method to compute the
regional epicardial deformation from CCAs [10]. The
proposed algorithm can track the motion of the Coronary
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Arteries as a whole and quantify the two dimensional
deformation of the epicardial surface locally. Zheng and

Weirong also analyzed the Arterial dynamics using an optical
flow based technique and elastic registration [11].

Fig. 1. Motion artifacts in CCA,; Catheter engaged area is marked using whit colored square and the placement of it varies in the consecutive frames shown in
a,b,c and d, as a result of the global motion. The distribution of contrast agent is gradually increasing in all images and it is denoted as local motion.

In order to achieve the vessel alignment within the frame
sequence of CCA, the global motion must be calculated and
reduced from each frame of the CCA. There are mainly four
steps available in our proposed HRTM motion reduction
technique: preprocessing, motion estimation, frame
alignment and motion eliminated video creation. An original
CCA of frame rate 15 fps is input to the proposed method and
it produces a global motion compensated CCA as the output.

METHODOLOGY

A. Preprocessing

It was revealed that the CCA frames consist of noise and
nonuniform illumination problem [3], [5]. As a result of that,
the visual quality of the recorded CCA is degraded. Further,
the illumination variations provide some incorrect results in
template matching procedures. Therefore, the objective of
the preprocessing stage is to apply possible image
enhancement techniques to obtain the required visual quality
of the vessel structures recorded in CCAs.

A median filter with kernel size 3>3 was applied to the
CCA frames as a noise removal technique. Afterwards a
homomorphic filter was applied to extract the nonuniform
illumination component of the CCA [12]. An image (P) with
spatial coordinates (x,y) consists of illumination (i) and
reflectance (r) components and it can be expressed by taking
the natural logarithmic as follows;

P(x,y)=In{i(x,y)}+In{r(x,y)}

We applied the Discrete Fourier Transform (DFT) to the
logarithmic image and as a result of that, the illumination
components of the image can be easily identified through the
low frequency content in the frequency domain because the
illumination is considered as a slowly varying pattern in an
image. Afterwards, the butterworth low pass filter was
applied to extract the low frequency components from the
frame to be processed and the transfer function of the
butterworth low pass filter is given in (2);

1
1+[D(u,v)/ D, "

)

S(u,v) = )

where, S(u,v) is the result image, Dy is the distance from
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origin to obtain the cutoff frequency, D(u,v) is the radial
distance from the origin and n is the order. After the filtering,
inverse DFT has been applied to transform the image from
frequency domain to the spatial domain. Then the illuminated
component is extracted from the processed image to obtain
the uniformly illuminated image.

The processed image is normalized to obtain the best
quality contrast among the vessel structures shown in each
frame. Fig. 2 depicts the original CCA frame and the
respective preprocessed CCA frame for further clarification.

Fig. 2. Preprocessing (a) Original CCA frame with nonuniform illumination
(b) Uniformly illuminated CCA frame.

B. Motion Estimation

Motion estimation process of the proposed method is
based on template matching image processing technique and
mainly consists of two phases namely; (i) Template selection
and (ii) applying HRTM. Following section explains those
two phases briefly.

Template selection is done as an interactive activity using
the first frame of the input CCA to be processed. The user can
arbitrarily select a best featured area as a template and this
selected template is located at F, coordinate point as shown
in Fig. 3. It has w pixel width and h pixel height. As the next
step, the selected template is saved as a sub image and this
template image is used in subsequent template matching steps
of the proposed method. All the template matching steps
contain in the proposed method totally depend on selected
template and its visual contents. Therefore, it is possible to
select a template from the initial CCA frame which contains a
good feature to match in subsequent frames. Based on the
empirical results and strong observations of CCA, it is
recommended to select a template around the catheter
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engaged area visualized in the first frame of selected CCA, as
the best featured area to match during the matching step.

Fig. 3. Template selection.

The second phase of the motion reduction process is the
HRTM [13], [14]. It is an iterative process and runs up to the
last frame of the CCA to be processed. The objective of the
HRTM method is to efficiently compute the frame translation
vectors of the CCA to be processed. That means the HRTM
method finds the template image matching coordinates from
the reference frame and returns the matched coordinate point
as the output. Hence, in each recurring step, it requires the
template image and the reference image which is the next
frame of the CCA to be processed as inputs. During the
iteration following algorithmic steps are executed;

Step 1: Creating gaussian pyramids

In HRTM, two Gaussian image pyramids are built
recursively using both template and reference image. The
next frame of the input CCA is selected as the reference
image in each step. Depths of the both pyramids are set as
two.

Step 2: Apply template matching for the lowest level

After creating two image pyramids the hierarchical
template matching process begins from the lowest level
(level depth 2) to highest level (level depth 0) of the pyramid
iteratively. Correlation coefficient (CC) is selected as the
similarity measure for the template matching step because it
produces the lowest false matching occurrences in the
validation process [14]. CC method applied in the template
matching step is given in (3);

Rx,y:Zx'y'I:Tl(Xl’y')'ll(x+xl’y+yl):|2 (3)
where;
T'(X',y'):T(X'1yl)_Tmean
| '(X+X',y+yl)= I '(X+X',Y+y')— Imean

T and | denote the template image and the reference image
in the CCA respectively. (x,y) denotes the coordinates of the
matching region of the reference image and (x’,y’) denotes
the coordinates of the template. T.c.n gives the mean intensity
of the template. In order to keep the computational output of
the CC method, floating point image of size (m-w+1) pixel
width and (n-h+1) pixel height is used as the result image
which is denoted as R. m and n are the width and height of the
matching region marked within the reference template where
m < template width and n< template height. After that,

following threshold function is applied on R(x,y) image to
obtain a binary image of it;

if (0.94<=R(x,y) <=1) set R(x,y) as 1
else set R(x,y) as 0.

where (X,y) denotes the spatial coordinates of the R;

This result image is used in the next levels of the Gaussian
pyramid to effectively match and identify the template
matching position from the reference image (see Fig. 4 (b)).

Step 3: Apply template matching for the other levels

The result image contents are copied in to the upper layer
of the pyramid to effectively find the matched position.
According to the CC method, the template matched position
is located in the max regions (R(x,y) =1) in the result image
(see Fig. 4 (b)). Therefore, the template matching was done
only for the predefined regions of interest (R(x,y) =1 regions)
in the upper levels of the image hierarchy and Fig. 4 (c)
clearly depicts such detected contours of the result image
shown in Fig. 4(b). After the template matching process, the
threshold function is also applied for the result image
generated in the upper levels of hierarchy as prescribed
above. Finally, it returns the template matched position found
in the reference frame when the template matching process
reaches the highest level (level depth 0) in the hierarchy.

Step 4: Compute the frame translation

In order to construct the global motion eliminated frames,
it is required to compute the frame translation vector between
the matched template at the current frame and the selected
template at the previous frame of two consecutive frames.
Hence, the translation vector M , is given by;

Mx,yz(CX_Fx’Cy_Fy) 4)

where C, and C, denote the X,y coordinates of the matched
point obtained from C,, point in the current frame and F, and
F, denote the X,y coordinates of the selected template point at
F.y coordinates in the previous frame (see Fig. 5). After
determining the translation vector, the current frame must be
aligned with the previous frame to produce the global motion
eliminated frames.

Fig. 5. Frame matching results; (a) template region at Fyy position; (b)
matched template region at C 4, point. Arrow head represents the translation
direction.

C. Frame Alignment

During this motion reduction process, the entire frame is
translated into a certain calculated distance towards the
direction determined by the translation vector. As a result of
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this translation a new frame is constructed. In this newly
constructed frame, the matched template area (coordinates
C,y and dimension of (wxh) ) is positioned in the location
Fy,. After the first iteration, the aforementioned template
selection step is done automatically using the newly
constructed frame produced in the prescribed frame
alignment step. This procedure repeats until the last frame of
the input CCA. The final outcome of this global motion
reduction iterative process is a set of global motion
eliminated Angiogram images of the input preprocessed
CCA.

D. Creating Motion Reduction CCA

Motion eliminated video creation process starts after the
frame alignment process. It creates a global motion reduced
video using the global motion eliminated images of the
preprocessed CCA which are produced by the previous steps.
The frame rate and size of the frames of the motion
eliminated video are set the same with the preprocessed video
frame rate and size to maintain the Angiography standards.
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IV. RESULTS

In order to validate this proposed HRTM method, we have
run the developed algorithm of the proposed method using
the data set of twenty randomly selected angiogram cases. It
consists of 119 CCAs which were taken under the different
views. Template selection for each execution was done
randomly. Hence, we are able to analyze 2707 total frames to
validate the accuracy of this proposed method. Some
important information about the test data set is included in
Table I.

We have tested the proposed algorithm for five different
similarity measures defined in OpenCV vision library to
select the best matched similarity measure for the template
matching operation. Table Il clearly depicts the results of this
validation method. A set of visually aligned frames of the
CCA corresponding to the frames shown in Fig. 1 is given in
Fig. 6 to visually compare the results obtained from this
proposed frame alignment method.

Fig. 6. Motion compensated visually aligned frames of a CCA. Catheter engaged area is marked using whit colored square and placement of it is stable in the
four consecutive frames shown in a,b,c and d.

Template Deviation - Test Case 06 Template Deviation - Test Case 09
60 70
—4—View 01 —4—View 01
50 i 60
= //- —B—view 02 . 50 ——View 02
2 40 )
g ]
M / £ a0
2 30 —— View 03 : View 03
2 d
3 & 30
H g —=View 04
& 20 ——View 04 a 20 - -
10 4 . 10 - ——View 05
. —#—\View 05
0 - 04
=& Graph for all
1 2 3 4 5 & 7 & 9 10 ~&—Graph for all Stabilized Videos
Stabilized Videos
Frames Frames
Template Deviation - Test Case 14 Template Deviation - Test Case 18
160 60
i( ——\View 01 —4—View 01
140
l 50 A
120 Vw02 / \ —B—View02
) l = 40
g 100 g
z / —i—\View 03 & —h—View 03
= = 4
H &80 / H 30
g 3
E &0 ——\iew 04 H ——View 04
& J & 20
40 / /
" - —+—View 05 10 £ —#—View 05
20 + =
o - —&—Graph for all o - —#—Graph for all
1 2 3 4 5 5 7 8 9 10 Stabilized Videos 1 3 3 4 5 & 7 8 9 10 Stabilized Videos
Frames Frames

Fig. 7. Distance deviation of the templates from the initial template of four cases.
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TABLE I: SUMMARY OF CCAS OF THE TEST DATA SET

CCANo Views Total frames True Positive
Per CCA for matching matching percentage
1 7 161 93.17
2 7 146 94.52
3 3 58 98.28
4 6 98 96.94
5 3 53 96.23
6 5 70 98.57
7 10 187 96.79
8 8 115 97.39
9 5 103 94.17
10 10 229 94.32
11 8 267 98.13
12 6 198 95.45
13 4 123 95.12
14 5 125 97.60
15 6 128 94.53
16 7 201 97.51
17 4 94 98.94
18 5 128 94.53
19 5 105 98.10
20 5 118 93.22

The template distance deviation between the initial
template and the matched template obtained in each iterative
step of this motion reduction method was calculated and
plotted for both preprocessed CCA in the data set (Table I)
and global motion eliminated version of those preprocessed
CCAs. Fig. 7 depicts sample template deviation graphs of
five views of four selected CCA cases extracted from the test
dataset for further clarification. Moreover, it contains the
common graph plotted to represent the distance deviation of
global motion eliminated versions of input CCAs.

V. DISCUSSION

According to the results of this proposed methodology, it
is apparent that motion reduction in CCA improves visual
alignment of vessel structures and arterial flow between
multiple frames. This can be clearly identified by looking at
the catheter engaged area of both original and global motion
eliminated frame sequences shown in Fig. 1 and Fig. 6. The
catheter engaged area is marked as a white colored square in
both image sets. According to the Fig. 6, motion reduced
frames depict catheter engaged area in a fixed location. This
happens as a result of reconstructing the frame by reducing
the global motion. Further, this frame reconstruction is done
based on the calculated translation vector.

The template matching is also done using two image
pyramids created for both template image and the reference
frame to be matched. These image pyramids consist of three
different levels (depth of both pyramids is taken as 2) with
different dimensions of template and reference images. The
exact template matching started from the lower level of the
pyramid (depth = 0) and the results of it return to the upper
levels to find the best matched coordinates from the reference
image. Template matching was applied only for detected
contours in upper levels of the image pyramid and as a result
of that, this proposed matching method improves the
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efficiency of template matching process by reducing
unnecessary comparisons required to find the marked
template image.

CC was selected as the similarity measure in the template
matching steps because it is revealed that CC produces the
highest percentage of true matches during the validation
process (Table Il). Further, CC method match a template
relative to its mean against the image relative to its mean [14].

TABLE Il: MATCHING STRENGTH OF VARIOUS SIMILARITY MEASURES

Technique True Positive Matching %
Square Difference 31.35
Square Difference Normalize 31.35
Correlation Normalized 84.33
Correlation Coefficient 94.05
Normalize Correlation Coefficient 31.35

Graphs shown in Fig. 7 clarify the global motion reduction
capability of this proposed method. According to that, for all
CCA, the template deviation is varying with respect to the
frames due to the effect of global motion. The experimental
results have shown that the distance deviation was computed
as zero for all global motion eliminated CCAs of input
dataset. Hence, the created graphs for global motion
eliminated versions are same for all CCAs in the Table I.
Template deviation becomes 0 means; the matched template
points of global motion eliminated frames are found from the
same location where the first selected template was located.
This happens due to the reduction of global motion artifact
from each and every processed frame of input CCA.

A recent research publication has pointed out that, the
motion of anatomy is complex and cannot be accurately
corrected by estimating models with low degrees of freedom
such as rigid or affine transformation [15]. Our study also
aligns with this fact. However, it is not a big issue in our
study, because our major target is improving the visual
alignment of the vessel structure among the CCA’s frame
sequence. The past research studies have explained the
application of image registration techniques for motion
correction in Digital Subtraction Angiograms [6]-[8]. When
compared to the image registration algorithms, template
matching is simpler and it is not based on a complex
mathematical model. Moreover, the image registration
techniques contain a level of uncertainty if the registering
images have any spatio-temporal differences [16]. CCAs
contain some spatio-temporal differences from frame to
frame due to the natural transformations of recorded vessel
structures. Hence, CCAs can contain some difficulties to
apply image registration for reducing the global motion
artifacts and as a consequence, the image registration
techniques do not provide reliable results always for CCAs.

VI.

This paper describes an efficient approach in global
motion reduction technique to obtain visual alignment of
CCAs. Compared to the other motion reduction methods, the
proposed method can be directly applied to the direct CCAs
and it follows a hierarchical template matching based
technique to reduce the motion disturbances. Experimental
results of this proposed method have clearly shown how to

CONCLUSION AND FUTURE WORK
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minimize the long visual gaps of the vessel structure among
the frames using template matching technique. Hence, it is
possible to improve the visual alignment among the frames of
CCA and as a result of that, we can obtain a smooth flow of
contrast agent within the vessel structure starting from a
predefined location.

As future work, this proposed technique can be further,
enhanced by using different Angiogram views. It is possible
to further improve the Angiography technique to detect and
quantify the stenosis severity based on functional
information such as flow rate and flow velocity using the
results obtained from the proposed HRTM method.
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