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ABSTRACT

This paper proposes a method to track abnormalities in successive
frames in a capsule endoscopic image sequence. Exact tracking of
an abnormality in the gastrointestinal tract is useful in preparing the
content for educational systems. However, if the abnormality is de-
formable over continuous frames and its features are not highly dis-
tinct, it is difficult to track abnormalities precisely. The proposed
method uses not only the abnormality image features, but also sur-
rounding features, called supporters. In a capsule endoscopic image
sequence, however, both the supporters and the target are difficult
to track using only their image features, because these features are
indistinguishable. Since estimation using only surrounding features
is hard, the proposed method uses triangular constraints among sup-
porters as well. The proposed method is able to track successfully
even if the target and supporter features are indistinguishable. Fi-
nally, we evaluate the proposed method using eight major types of
abnormalities.

Index Terms—
Tracking, Wireless Capsule Endoscopy Images, Gastrointesti-
nal, Education System

1. INTRODUCTION

Diagnosis by Wireless Capsule Endoscopy (WCE) utilizes a swal-
lowable device that is propelled by peristalsis through the Gastroin-
testinal (GI) tract. Since this requires different skills to those of
conventional endoscopy, medical doctors must acquire new skills.
Therefore, an educational system is needed to train unskilled med-
ical doctors to identify abnormal regions from capsule endoscopic
images. When a medical doctor unskilled in WCE captures an ab-
normality image in the education system, ground-truth data, which
includes the period between the abnormality’s appearance and dis-
appearance as well as its type and location, is needed to decide
whether the answer is correct. Currently, medical doctors annotate
each frame manually. However, as an abnormality can appear in any
number of frames, ranging from only a few frames to hundreds of
frames, this is a very difficult task for medical doctors. Therefore, it
is useful to be able to automatically track the region of an abnormal-
ity demarcated by a medical doctor.

Conventional tracking methods [1, 2], like Mean Shift [3] and
SIFT [4], rely on strong image features of the target. However, since
the shape of an abnormality is deformable over successive images
and the features of the abnormality are also weak, it is difficult to

978-1-4577-1858-8/12/$26.00 ©2012 IEEE 578

(a) Red Spot (b) Phlebectasi (©) iodysplasi @ L

(e) Erosion (h) Whitevilli

(f) Erythematous

(g) Ulcer

Fig. 1. Abnormal sample

track such abnormalities precisely. The main cause of failure is that
the target of an abnormality usually has no distinguishable image
features. Nevertheless, Grabner proposed a tracking method [5] for
an invisible target, which employs surrounding features such as large
eigenvalues of a Hessian matrix to track a target. In addition, the
conventional method can successfully track a target with strong fea-
tures by using surrounding supporters, not only in the visible case,
but shortly also for an occluded target.

In our application, capsule endoscopy images include a target
and supporters with very weak features, as shown in Fig. 1. Abnor-
malities, without strong edges and color changes, are shown within
the green circles. The supporters as well as the target are difficult to
track using only their image features, because these are ambiguous.
Therefore, the proposed method employs three mutual supporters
with a triangular constraint whereby the triangular shape is main-
tained, but weak deformation is allowed between successive frames.
The position of the target can be robustly determined from voting
relative positions based on affine transformation of several triplet
supporters.

ISBI 2012



2. SUPPORTERS WITH TRIANGULAR BASED
TRACKING

2.1. Overview

The proposed method adopts a coarse-to-fine approach. For the
coarse estimation, the target position is roughly estimated by the
matching results of the supporters over successive frames. The sup-
porters comprise several points around the target, which are detected
by a point detection method. Then in the fine estimation, a precise
position is estimated based on the features of the abnormality itself.

The three main characteristics of the proposed method are as
follows.

(I) Between successive frames, the supporters are matched by
considering the triangular constraint (Fig. 2).

(I) An abnormal position is voted using an affine matrix calcu-
lated from triplet supporters (Fig. 3).

(I) The precise position is estimated by features of the target it-
self.
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Fig. 2. Matching using the triangular constraint
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Fig. 3. Voting based affine transform

Regarding characteristic (I), supporters cannot be tracked cor-
rectly one-by-one, because a capsule endoscopic image sequence
does not have clear features and besides the features are very sim-
ilar in different regions. The proposed method adds a triangular con-
straint for matching supporters by maintaining the triangular shape
between successive frames.

As for characteristic (II), the conventional method uses one-to-
one relationships in the voting process for the target position. As
such, it cannot cope with the changing posture or movement of the
camera. On the other hand, the proposed method uses relationships
between the triplets of supporters and the abnormal position when
voting for the target position. In the next frame, by matching trian-
gles, the relative position of the target is transformed according to
that of the triangles, and then voting for the target position is carried
out.

As for characteristic (III), an error in the position may result
from the voting because of the deformable movement of the scene.
Conventional approaches assume a model, such as a grid model,
based on anchor points. However, as a capsule endoscopic image
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sequence consists of several regions that move differently, such a
model is not applicable. Furthermore, to detect disappearances, the
target information should be used. Thus, the proposed method uses
the color information of the target, which is more reliable in situa-
tions where the target is deformable.

These coarse and fine estimations are explained in the following
sections.

2.2. Coarse estimation using triangular constraint from sup-
porters

First, supporter candidates f represented by Eq. 1 are extracted
from an initial frame and a neighboring frame by the Kanade-Lucas-
Tomasi (KLT) method [6]. Each frame is divided into four areas and
points are detected in each area. The number of features is always
smaller than the threshold value set in advance.

Assume f has position x, its relationship with other supporters
is G, and the image features are F'.

f; = (x;,Gi,Fi) (1)

Fig. 4. Description of supporters

Image features F are calculated using a GI color histogram
around KLT feature points. GI color was proposed by Hai Vu [7]
and the GI color space is an efficient color space for describing color
features in capsule endoscopic image sequences. The relationships
between supporters G are expressed using Eqs. 2 and 3 with each
supporter having two angles, where Zijk denotes the angle con-
sisting of the three points, ¢, j, k. In short, the combination of a
supporter and two other supporters is described by G. Therefore,
one pair consists of three points, with each supporter having ,,—1C2
relations if the total number of supporters is n.

Gf = (gf,l,Qa e 7g£,n—11"> (2)

gij.x = (£ijk’, ikj") 3)

Second, matching supporters in the initial frame and those in a
neighboring frame is optimized by maximizing the energy function
described by Eq. 4. This means choosing the pair of supporters that

has maintained a positional relationship with another point and has
a higher feature matching score.

N M
E' = Z Zwi,lsz’,l “4)
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[ 1 if ff and £ is matched

Wil = { 0 else )
B(F!, F'") T(Gf,G[*Y)

Siy = if B(F}, F/™") > Threshold (6)

0 else

B(F}, F/™") is the Bhattacharyya distance between features F¥
and Ff+1 as given by Eq. 7. If the Bhattacharyya distance between
features is smaller than the threshold, the pair is not accepted.

N
B(a,b) = \/a,b,, %)
p=1

where considering samples a and b, N is the number of parti-
tions, and ap, b; are the number of members of samples a and b,
respectively, in the p-th partition of the histogram.

T(G!, GIT1) is the coefficient of the triangular constraint, de-
scribed by Eq. 8.

t

rehaiy . St

L { (1)if Lijk ~ /lmn N Likj ~ Llnm ©)
else

Here, Y ¢ is the number of triangles that include points ¢ and [,
and whose shape does not change between successive frames. If a
triangle has one angle of almost 180, it is not included in the total
number.

After creating supporter pairs between successive frames, a vot-
ing map is created. Locations of abnormalities are voted for on the
voting map using an affine matrix that is calculated by each matching
supporter triple.

2.3. Fine estimation using the abnormality features

In coarse estimation, a voting map is created, showing the region
containing an abnormality. In this section, we explain how tracking
the region is carried out.

In the initial frame, an abnormality color feature is described
in the GI color space. Then, the most distinguishable component
between the histogram of the target and the neighboring region is
selected by choosing the minimum Bhattacharyya distance as given
by Eq. 7.

After coarse estimation, a score is calculated by Eq. 10 for any
position whose voting score is greater than the threshold.

V(X7 y) = C("”? y)B(Abinit'Lal, F), (10)

where x,y is the position, C'(x,y) is the voting score calcu-
lated by the coarse estimation process, B(Abinitial, F') is the Bhat-
tacharyya distance between a GI color histogram of the abnormality
in the initial frame and that around position x, y in the current frame.
The position of the maximum score is detected as the target. If max-
imum B(Ab;nitiar, F) is lower than the threshold and the voting
score in the image area is not greater than the threshold, the current
frame does not include the target.

3. EXPERIMENTAL RESULTS

The proposed method was applied to a total of 120 randomly chosen
sequences. Eight major types of abnormalities were present in these
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sequences as a shown in Fig. 1. The proposed method (with trian-
gle) is compared with a method that does not use the triangular con-
straint or an affine matrix (non-triangle). The results are illustrated
in Fig. 5, which shows a cumulative histogram depicting the average
distance between the result and ground truth of each sequence. The
ground truth is demarcated manually. With the proposed method,
the distance between the result and ground truth of almost 70% of
the sequence is within 20 pixels. From Fig. 5 we can see that the
method with triangles is better than the non-triangle method.
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Fig. 5. Cumulative histogram of the distance between the result and
ground truth

In an education system, frames where the abnormality appears
and disappears are important. In this experiment, an initial frame,
located somewhere in the image sequence where an abnormality has
been detected, is selected manually. Next, the tracker searches back
and forth to detect the frame in which the abnormality is resolved.
Table 1 shows the results of detecting the disappearance of the ab-
normality. In the table, Lost denotes the case where the abnormality
is lost by the tracker even though it still exists, while Stay denotes
the case where the disappearance of the abnormality is not detected.

| with triangle | non-triangle

Correct 46 32
Stay 58 71
Lost 16 17

Table 1. Results of detecting the existence of an abnormality

Although the proposed method performs better than the non-
triangle method, its performance is not satisfactory in terms of the
requirements. The results show that the determination of abnormal-
ities in the fine estimation is not that good.

The proposed method can track an abnormality even if its scene
differences are large and its appearance is indistinguishable. Fig. 6
illustrates a correct case of tracking with the green rectangle denot-
ing the ground truth and the yellow rectangle the result. Despite the
movement in these sequences being irregular, the proposed method
can successfully track the abnormality.

Fig. 7 illustrates incorrect tracking. The first row depicts the
case that is missed in the coarse estimation. This frame has a lot of
similar textures. Thus, in the supporter matching step, many incor-
rect pairs are created. The second row depicts the case where the



Fig. 7. Example of erroneous tracking

target remains, although the abnormality has disappeared. The fail-
ure in both cases is mostly due to the fine estimation process, which
estimates the precise position based on color information.

4. CONCLUSION

In this paper we proposed a method for tracking areas with abnor-
malities in an image sequence from capsule endoscopy. It is not
unusual that abnormality images in the small intestine do not have
strong features such as sharp edges and distinct color changes. Con-
sequently, the surrounding features are used to estimate the position.
The position of the target can be robustly determined from voting rel-
ative positions based on an affine transformation of several triplets
of supporters. The triangular constraint is also effective as shown
in the experimental results, which means that the triangular shape is
maintained, while still allowing weak deformation between succes-
sive frames. In conclusion, the proposed method is able to track an
abnormality even if motion displacement is large and its appearance
is indistinguishable. As a future work, we intend representing color
components of both the abnormal area and the adjacent one using
a Gaussian mixture model in the fine estimation, in order to deter-
mine the disappearance frame, that is, the end of the existence of the
abnormality.
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