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Abstract: Bleeding in the digestive tract is one of the most common gastrointestinal (GI) tract diseases, as well as
the complication of some fatal diseases. Wireless capsule endoscopy (WCE), which is widely applied in the clinical

field, allows physicians to noninvasively examine the entire GI tract.

However, it is very laborious and time-

consuming to detect the huge amount of WCE images, and limits its wider application. It is urgent and necessary

to develop the automatic and intelligent computer aided bleeding detection technique.

This paper improves

the Euler distance with the covariance matrix of image to measure the colour similarity in CIELab colorimetric
system, and proposes a novel method of bleeding detection in WCE images. The experiments demonstrate that
the bleeding region in WCE images can be correctly recognized and marked out, and the sensitivity of this method

is 92%, the specificity is 95%.
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1 Introduction

Bleeding in the digestive tract is not only a com-
mon gastrointestinal (GI) trace disease, but also a well-
recognized complication, which is a symptom of fatal
diseases!!]. Most causes of bleeding are related to con-
ditions that can be cured or controlled, yet to detect
the bleeding is not easy. The best way to detect bleed-
ing is directly imaging the GI tract, so the endoscopy
is a direct and effective diagnostic technique comparing
to indirect techniques such as barium angiography and
computerized tomography®. In 2000, the first wire-
less capsule endoscopy (WCE) M2A® is released by
the Israel Given Image Company, and the first clinical
experiments are implemented in 2001534, The capsule
endoscope developed by Shanghai Jiaotong University
is 12 mm in diameter and 28 mm in length which is
small enough to be easily swallowed by patients. After
being swallowed, the capsule endoscope travels through
the whole GI tract with the GI tract nature peristal-
sis. During the course it transmits 2 frames of images
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outside the patient’s body every second, and the image
data are received and stored in the receiving box which
is tied to the patient’s waist. The image data are down-
loaded into the work station and shown by the software
application. The usage of WCE is convenient and pain-
less and the whole GI tract is examined without a dead
zone in the endoscopic diagnosis. The WCE is applied
more and more in clinical examinations based on these
assets[510],

During the 8-hour examination, the WCE generates
at least 2 x 3600 x 8 = 57600 images. It is very labo-
rious and time-consuming to find the bleeding regions
from the huge amount of WCE images. It takes more
than 3 hours to detect these images even by a skilled
expert. This is not only time-consuming but also lead-
ing false detection because of visual fatigue. There-
fore, it is urgent and necessary to develop computer
aided intelligent bleeding recognition algorithm to pro-
cess the WCE images automatically. The Given Image
Company provides a software tool to detect the bleed-
ing called Suspected Blood Indicator (SBI). However
it was reported to have lower sensitivity of 72% and
specificity of 85%!M]. As a consequence it does not free
physicians from reviewing the entire footage and should
only be used as a fast screening tool. The Ref. [12]
used adaptive color histogram model to detect bleed-
ing. The algorithm firstly uses HSI (hue, saturation,
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intensity) color histogram to track a moving back-
ground and bleeding color distributions over time, sec-
ondly extracts color and texture features from suspi-
cious WCE images, finally classifies them using sup-
port vector classification into bleeding , lesion and nor-
mal classes. The procedure is obviously too complex
to be practical in clinical fields. Further, the paper
doesn’t give detailed test and the experiment just show
the method is better than SBI. The Ref. [13] presented
a method based on neural network to detect bleeding.
But the authors did not present the neural network
model and just give some experiments. Unfortunately,
only 13 images were used as training set and 3 images
were used to test the method, furthermore the experi-
ments showed that the sensitivity of this methodology
was lower than 80%. The Ref. [14] built a multi-layer
perceptron (MLP) neural network with three layers to
recognize bleeding regions. MLP is a modification of
the standard linear perceptron, which has poor robust-
ness and anti-interference ability, and is not suitable
for the nonlinear classification. Although the detection
rate of this MLP method reached 90%, the authors did
not give the specificity of this method. There are other
study works on this topic, but few satisfactory results
are obtained.

In order to improve the bleeding detection rate, this
paper improves Euler distance to measure the colour
similarity in CIELab colorimetric system, and proposes
a novel and efficient method of bleeding recognition
based on the improved distance. This method of bleed-
ing recognition is implemented and the experiments
show that the sensitivity of this method is 92% and
the specificity is 95%.

2 Improved Euler Distance in CIELab

2.1 CIELab Colorimetric System

The colorimetric system is an abstract mathemati-
cal representation of colour. For colour image recogni-
tion, selecting suitable colorimetric system is the first
step, and then accordingly develops algorithms for this
colorimetric system. CIEXYZ is a standard colorimet-
ric system, and images in CIERGB can be transformed
into CIEXYZ according to the following transformation
equation!!d],

X 2.7689 1.7517 1.1302 R
Y | =] 1.0000 4.5907 0.0601 G |. 1)
A 0.0000 0.0565 5.5943 B

CIERGB and CIEXYZ are trichromatic systems, in
which R, G, B and X, Y, Z are the three reference
colour stimuli. They are neither uniform colorimetric

systems, that is the distance between two pixels dif-
fers greatly from the colour difference between them.
CIELab colorimetric system based on CIEXYZ is a
widely used uniform system, which is also called L*a*b*
colour space. L*, a* and b* are defined as follows.

1
3
116 (;) — 16, ; > 0.008 856
L* — n n , (2)
Y Y
29— — <0.
903 9Yn, A 0.008 856
a* =500 [f(X/Xn) - f(Y/Yn)] ) (3)
b* =200 [f(Y/Ys) — f(Z/Zn)], (4)
al/3, a > 0.008 856
(o) = 5)
7.78a 4+ 13/116, o < 0.008 856

where X, Y, and Z, are the tristimulus values of the
reference white point, and the mostly used white point
is D651,
2.2 Covariance Matrix of Image

Let vector X; denote pixels in the image to be de-
tected, where ¢ = 1,2,--- /MN, M and N are the
width and length of the image. X; = [z, Tiqr Tip+],
where x;1,«, Lo+ and x;+ are the three components of
the pixels in L*a*b* colour space. The discrete proba-
bility distribution P (X;) is the M x N 3D vectors of
the image. Assumed there are k bleeding pattern pixels
in one image, let X; denote the bleeding pattern pixels,

where j = 1,2, .-+ k, the mathematical expectation of
X; can be calculated as
L TjLx
EIX; = 1) | 2 |- (6)
j=1
Zjb*

The covariance matrix X of pattern vectors in the im-
age can be defined as

¥ = E[(X; - E[X;))(X; — E[X;])"] =

CL*L* CL*a* CL*b*
Ca*L* Ca*a* Ca*b* ’ (7)
Cb*L* Ob*a* Cb*b*

Crn = E[(Tim — E[Tim])(Tin — Elzin])], (8)

m,n=L" a* b".

Because x;1+, iq+ and x;+ are independently ran-
dom variables, the covariance between them are 0,
namely when m # n, Cp,,, = 0, and then the covariance
matrix can be simplified as

Clep-
= Ca* a* ) (9)
Chepr
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Cmm = E[(xlm - E[xjm])2] =
1 MN )
MN i [xim - E[xjm]] ) (1())

m=L"a",b".

X shown in Eq. (9) is the covariance matrix of the im-
age to be recognized, and C,,, is the variance of X;.
2.3 Improved Euler Distance

Consider E[X] as the cluster center of the bleeding
pattern, to detect the pattern of pixels is to measure
the similarity between the vectors of X; and E[X;]. In
L*a*b* colour space, the colour difference between two
colours is represented by Ad?,, which is also known as
Euler distance and is defined as['®!

Adyy, = [AL™ + Aa™ + A2 =
(Xi — BIX;)(X: — E[X,;)"]Y2 (1)

By adding the covariance matrix X into the Euler
distance, a new distance can be gotten to represent the
colour difference between X; and E[X]:

Adyy, = [(Xi - E[X;)Z(X; — EIX;)")'? =

Crep-
(Xl - E[XJ]> Ca*a* X
Chep-
1/2
(X - B[X;)" =
(CpLep+AL*? + Cyrqr Aa™+
Cyep= Ab*2)1/2, (12)

Ad?, in Eq. (12) is a new definition of distance which
can be used to measure the colour similarity. Compared
to Euler distance, the improved distance makes the dif-
ference between bleeding pattern and non-bleeding pat-
ter wider. Figure 1 is a typical bleeding WCE image,
and the improved Euler distance map accordingly is
shown in Fig. 2. The distance map clearly shows that
the distances from bleeding pixels to bleeding cluster
center E[X;] are significantly lower than others and
the difference between the two patterns are clear.

3 Bleeding Detection

3.1 Feature Extraction
The typical bleeding WCE image shown in Fig. 1
clearly shows that the most salient feature of the

bleeding region is the colour difference. Red as the
whole image is, the saturation of the bleeding region
looks higher comparing to the non-bleeding region,
which is shown on the top right corner. Comparing
pixel X; with the bleeding pattern cluster center E[X ]
to measure the colour similarity, if the colour similarity
is low, the two pixels are not similar, therefore the pixel
is recognized as non-bleeding pixel; otherwise the two
pixels are similar, the pixel is recognized as bleeding
pattern. The distance map in Fig. 2 shows clearly that
more similar X; and E[X] are, smaller the distance
between them is; on the contrary, less similar they are,
lager the distance is.

T
Bleeding

Fig. 1 Typical bleeding image

Non-bleeding region Bleeding region

Fig. 2 Distance map

The calculation of Eq. (6) indicates the bleeding pat-
tern cluster center of the bleeding image in Fig. 1 is
E[X;] = [108 72 79]. So the feature of bleeding pixels
is that they are similar to the bleeding pattern cluster
center E[X ], namely the distances to [108 72 79] are
short.

3.2 Bleeding Detection Implementation

Comparing all bleeding pixels X; in Fig. 1 with
[108 72 79], dmax = 3500 is the maximal distance. Let
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dmax = 3500 be the threshold value of the classifying
function, therefore the classifying function d(X;) can
be represented as

d(Xl) = d(Xl,E[X]]) — dmax =
dix..mx,)) — 3500, (13)

where d(x, p[x,)) denotes the distance from the pixel
X, to the bleeding pattern cluster center E[X;]. If
d(X;) is mnegative, the distance d(x, p[x,)) is small
enough to recognize the pixel X; as the bleeding pat-
tern; on the contrary, if d(X;) is nonnegative, the pixel
X, is recognized as non-bleeding pattern. Consider
d-out(X;) being the pattern classifier, and d_out(X;) =
B is defined as bleeding pattern and d_out(X;) = N as
non-bleeding pattern, therefore, the pattern classifier
based on the distance can be formulized as
B, d(X;)>0

doout(X;) = . (14)
N, d(X;) <0

Based on the classifier in Eq. (14), the WCE im-
age is scanned pixel by pixel, measuring the similar-
ity, and put the measurement results into the classifier
d_out(X;) to judge. Go on measuring and judging pixel
by pixel until the first bleeding pixel in the WCE im-
age is gotten. Take this bleeding pixel as the first seed,
and take the output of the classifier d_out(X;) as the

growing law to go on the seeded-region-growing algo-
rithm. If the output of the classifier is B or N, the pixel
is accordingly recognized as bleeding pattern or non-
bleeding pattern. After a new bleeding pattern pixel is
gotten, it is taken as a new seed and the seeded-region-
growing steps continue until the whole WCE image is
finished. Finally calculate the area of every bleeding
region, if the area is too small, this bleeding region is
not really bleeding pattern and will be filtered out, be-
cause it’s impossible for bleeding pixels emerges insu-
larly or only few number. These steps are illustrated as
Fig. 3.

After these steps, the WCE images will be included
into the bleeding images if there are bleeding regions,
otherwise it will be included into the non-bleeding im-
ages.

According to the bleeding detection algorithm and
the implementation steps, the bleeding detection appli-
cation software is programmed, and the WCE images
shown in Fig. 4 are detected. The images in Fig. 4 are
the confirmed bleeding WCE images, and the detection
results are shown in Fig. 5. In the results, red and green
regions are the bleeding region and non-bleeding region
respectively. After being filtered out, the small area
bleeding regions are marked as the green non-bleeding
regions. The results show that the bleeding and non-
bleeding regions are clearly and correctly marked out.

Improved distance

similarity classifier
v
WCE images Bleeding detection Fillallrosu]t
v he aRaiinEd (1) Dark color pixel removal ¥ ¥
(2) Find the first seed Non-bleeding Bleeding
] (3) Seeded-region-grow
(4) Two classes regions
(5) Region size filtering

Fig. 3 Frameworks of the bleeding detection algorithm

Fig. 4 Images to be detected
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Fig. 5 Detection result

4 Experiments and Analysis

Medical diagnostic applications are often perceived
by physicians as providing absolute answers. The abso-
lute answer of the bleeding detection is bleeding image
or non-bleeding image. As a consequence, the bleed-
ing images can be possibly recognized as non-bleeding
images which are called false non-bleeding (Fnb) recog-
nition, and the non-bleeding images can be possibly
recognized as bleeding images which are called false
bleeding (Fb) recognition. Others cases are true recog-
nitions, and the true bleeding recognition is presented
by Tb, and the true non-bleeding recognition is pre-
sented by Tnb. To assess the capability of the bleed-
ing detection algorithm, namely the performance of the
classifier, sensitivity 7s. and specificity ns, are adequate
which are estimated as['®

Mo = _ >Th (15)

" S Tb+>_ Fnb’
B > Tnb

e = SSTab + S Fb

For the assessing of the performance of the bleeding

(16)

detection method, we obtain 10 full video clips con-
sisting of 960 WCE images which are available on the
endoscopy organization website. There are 546 bleed-
ing images and 414 non-bleeding images detected man-
ually. Run the bleeding detection software on these full
length video clips and the detection result is shown in
the Table 1, s = 91.94%, nsp = 94.92%.

Table 1 Result of the detection

Bleeding/frame  No-bleeding/frame
Detected as bleeding 502 21
Detected as no-bleeding 44 393

The most image misclassifications mostly occur when
the old hemorrhage is present in the WCE images and
the bleeding regions are too dark. Compared with ex-
isting algorithms, this algorithm is more suitable for

video WCE images detection because of the clear con-
cept, low computation complexity and practicability.
Furthermore, this algorithm can realize the real time
detection during the WCE examination course.

5 Conclusion

It is urgent and necessary to develop the automatic
and intelligent computer aided bleeding detection in
WCE diagnosis. The most salient feature of the bleed-
ing region in WCE images is the colour difference, the
bleeding pattern pixels are similar to the cluster cen-
ter E[X,] while the non-bleeding pattern pixels have
low similarity to it. After studying the colour similar-
ity measurement deeply, this paper improves the Euler
distance to suit the image recognition in CIELab colori-
metric system, and builds a pattern classifier based on
the improved Euler distance to recognize the bleeding
WCE images. This novel method of bleeding detection
from WCE images is implemented in CIELab colori-
metric system, and the experiments demonstrate that
the bleeding region in WCE images can be correctly
detected and marked out, and the sensitivity of the al-
gorithm is 92%, the specificity is 95%.
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