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ABSTRACT

Colour is one the distinct features in computer vision systems and can be represented in several colour spaces. The
most commonly used is the RGB colour space, since most high-quality cameras used in computer vision systems
provide RGB signals, for example endoscopic capsule cameras. This work describes a computer vision algorithm
intended to assist the physician in the diagnosis of endoscopic diseases, such as gastrointestinal bleeding, using a
colour space rotation-based method. This algorithm modifies the images RGB representation channels in such way
that the bleeding information can be effectively enhanced in a single channel. Tests in endoscopic images were per-
formed and results have shown that the proposed colour-based rotation approach successfully increases the detec-
tion of bleeding regions in endoscopic images, corroborating the usefulness in physician diagnosis assistance.

1. Introduction

Wireless Capsule Endoscopy (WCE) is a recent diagno-
sis process in which the patient, under medical supervision,
swallows a small colour high-resolution camera device
with a capsule shape that is propelled by peristalsis through
the gastrointestinal (GI) tract [ASV04]. These devices have
a system of lens and an image emitter, which are collected
in a recorder device that the patient transports on its cinc-
ture [ASV04; GAO03]. The main advantage of using these
devices arises from the possibility of examination of the
entire GI tract, against traditional endoscopy, which only
allows examining the extremities of gastric tract. A major
drawback of WCE technology is the time consuming
needed to inspect and diagnosis by the physician, since a
single diagnosis examination has about 50.000-60.000
images (these devices capture 2 frames per sec) obtained
from 7 to 8 hours long exam videos [BMKO0S5; GA03]. The
videos usually are reviewed, at speeds between 5 to 40
images per second which corresponds to 180 to 45 minutes,
respectively, to obtain the results. This can be a strong
time-limitation for the physician to uninterruptedly review
each video for about 3 hours. Moreover, the facts of the
abnormalities can be presented in a reduced number of
images (that can be easily missed when reviewing the vid-
eos at 40 images per second) and that sometimes some
abnormalities can be imperceptible by naked eyes, also
condition this diagnosis process. All these issues contribute
to increase the difficulty of diagnosis task, even to experi-
enced physicians.

It is clear that different diseases have different symptoms
and consequently different distributions (size, colour,
shape, patterns, etc), even the same disease can present
meaningful variations. Bleeding is one of the most com-
mon symptoms of disease found in GI tract. It is easily
understandable that colour is an important feature in GI
diseases diagnosis. These matters contributed and stimu-
lated the development of computer-assisted systems to
improve the physicians diagnosis process.
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Several techniques have been reported in the literature
addressing GI disease detection. Colour adaptation was
proposed [BMKO05] and makes use of a colour reference of
the image. This adaptation is performed by a cone response
transform and the colour reference is obtained by a neural
network (NN). In addition, MPEG-7 visual descriptors,
namely Scalable Color and Homogeneous Texture are used
to extract features or detect events that allow discriminating
between normal and abnormal tissues (polyp, bleeding or
ulcers) [CCO06]. From this proposal a new approach to
segment the GI tract into four different topographic zones —
entrance, stomach, small intestine and large intestine — was
presented using support vector machines (SVMs) [CCCO8].
Additionally, colour spectrum transformation method
[JKL*08] uses a colour spectrum histogram after an inten-
sity adjustment in HSI colour space to distinguish bleeding
from non-bleeding zones. Furthermore, the block-based
method [LCO7] is a 2 step process that discriminates the
presence/absence of bleeding zones dividing the images
represented in HSV colour space in fixed sized blocks in
saturation channel (first step), and a luminance and colour
saturation  pixel-based analysis (second step). Finally
[GXY*08] presents the features extraction considering
some measures such as histograms, dominant colour and
co-occurrence of dominant colours. The classification
method considers a balanced learning process of the SVM,
since the examinations have a vast amount of data and the
presence of diseases only occurs in a diminish number of
examination data images.

The previously mentioned methods use colour images,
which is a very important characteristic to explore for dis-
ease detection, particularly bleeding detection. The pill cam
manufacturer [Giv09] provides a tool (Suspected Blood
Indicator - SBI) to detect possible diseases over a recorded
examination. Some authors reported studies using SBI and
all conclude that sensitivity and specificity are poor to non-
bleeding diseases and superior to active bleeding or associ-
ated diseases [BGK*08; GGV*(07; LMRO3]. In the previ-
ous case, the sensitivity values are typically between
58.3%-81.2%.
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Our goal is to propose a rotation-based method that per-
forms an efficient endoscopic video discrimination regard-
ing the presence of bleeding regions. Since the most of the
gastrointestinal images present red-based colour character-
istics (in the case of bleeding frames the red colour is more
accented and so our choice to use RGB colour space), the
core idea is to perform a colour space rotation in endo-
scopic image, for not only to enhance the bleeding area
perception, but also to project this information in a single
channel, instead of the original three channels image.

However, analysing WCE images red channel by itself
did not reveal accurate enough to effectively distinguish GI
tract bleeding presence, since the bleeding information is
spread along the three RGB colour channels. The use of
colour space transformations have been applied to image
processing related problems, to our knowledge, this is the
first application in the bleeding diseases pathology area.
With this approach, the diagnosis visualization time is in-
tended to be reduced, since non-bleeding frames can be
discarded by physicians, increasing the celerity of the diag-
nosis process.

The paper is organized as follows. Section 2 presents the
proposed rotation premise that enhances the bleeding de-
tection in GI tract images. Section 3 presents some experi-
ments that validate the proposed methodology and dis-
cusses the results. Finally, Section 4 concludes the paper
and discusses possible future developments.

2. The RGB Colour Space Algorithm

The endoscopic images used in this work are square
sized and possess inside an area of a circular shape, which
contains the informative data. This image sub-region (non-
black zone) is named the region of interest (ROI), which is
useful for processing performance increase. Since all the
images have the same dimensions, this calculus is per-
formed for the first image and extended to all set images.
Typically, in a video sequence, images can possess signifi-
cant variation of colour (dark/brown zones, pink zones —
depending of image capture organ), different luminosity
and focus (image capture too close or too far from tissue),
may contain stool or bubbles, etc., which imply difficulty
to symptoms detection. Some WCE exemplificative images
are presented in Figure 1.

Figure 1: WCE bleeding images examples.

Consider an arbitrary image pixel x belonging to RGB
space, i.e., X = (Xp, Xg, Xp), Where X, Xg and xy, are the red,
green and blue components, respectively. A rotated pixel
X' = (%, Xg', Xp") is then defined:

X' = Rpgp X X. (€

The RGB fundamental rotation matrix is defined as:

Rrgh = Ry X Rg X Ry, 2)
and
1 0 0 3)
R, =]0 cosa sina
0 —sina cosa
cosBp 0 —sinf @
Ry = [ 0 1 0 ]
sinf 0 cosf
cosy siny 0 (5)
Ry, =|—siny cosy 0]
0 0 1

where o, B and y are some rotation angles through red,
green and blue axes, respectively.

Applying (2) to all image pixels results in:
IRot = Rrgb X IOrig> (6)

where Ip,¢ is the resulting three channels RGB rotated
image and Iy g is the original image.

Next, the maximum and minimum pixel values from
each channel of the RGB rotated image (Irot), IRer and
IRor, respectively are obtained.

Afterwards, we normalized each channel of the earlier
obtained rotated image I,¢, then we combined all chan-
nels, resulting in the RGB rotated normalized image Ixorm,
ie.,

I _ Imin (7)
[Norm = 255X <lrl:(:::( I?n?ri)
Rot ~ 'Rot

Subsequently, a suitable binary segmentation to the red
channel of the rotated normalized image Iy, 1S applied,
obtaining Ig;,. Since the videos can vary a lot between
lumen zones, using only a threshold does not result in a

good solution. A threshold based on the maximum of each
max,RED

images Igor red component was applied Igg" , as pre-
sented in (8):
e [ TR 2 ®)
- . Imax,RED < >
* IRot ®

where x and y are the different intensity values (used as the
boundary value) to segment each image, and ¢ is a constant
value, obtained by experimental testing, as presented later.

A final step applied is to eliminate small zones of Ipj,
that do not correspond to diseases (small zones in ROI
frontier). The applied criterion was to remove zones with
area inferior to 10 pixels. To obtain such zones, a search
method for connected pixels was applied to Ig;,, using a 4-
connected point neighbourhood.

For method evaluation performance, one additional step
was applied, in which the number of white pixels inside
Igin is calculated. This allows to classify the image as
bleeding image (if the number is greater than a pre-defined
value) or non-bleeding, (for the other cases).

Some considerations about the application of the method
are presented in the following Section.
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3. Experimental Results
3.1 Setup

The images used in this study were obtained from 2 sub-
jects and were manually classified by a gastroenterologist
physician. Each frame is 8-bit colour depth and 576x576
pixels. The experiments were conducted in 5 random ex-
perimental sets, each with sequential 3000 images extracted
from the afore mentioned videos. The colour space rotation
analysis was realized on a PC (Intel Core 2 CPU T9300 at
2.5 GHz), using Matlab R2008a (The Mathworks, Inc.,
Natick, USA).

3.2 Experimental Considerations

In order to apply the suggested method, extensive em-
pirical search was required. Therefore it became necessary
to clarify some issues concerning the implementation.

The achieved angles for (2) were set to a = 0°, f = 0°
and y = 300°. These values were selected with the purpose
to magnifying the projection of bleeding characteristics in
the red channel of Ry, It was our choice for this work to
project it for the red channel. To perform such magnifica-
tion for the green or blue channel individually, other differ-
ent set of angles must be obtained. Figure 3 presents an
exemplifying image following the previous considerations.
Fig. 3(a) shows a random WCE image with bleeding pres-
ence and Fig. 3(b) represents the resulting image applying
the proposed method until (7), i.e., Inorm:

(@ (b)

Figure 3: WCE images: (a) Original image with active
bleeding; (b) Normalized image after RGB rotation.

The maximum pixel value present in each Igq red chan-
nel image (In%"*P) was used to select the intensity value

to use as threshold of Iyorym » resulting in the binary seg-

- . RED __ . ..
mentation. After some evaluation of the l;ﬁ’t" variation

through a set of random 300 images (150 with bleeding
presence and 150 without bleeding presence), previously
classified using the SBI [Giv09], an approximation value
@ = 9.8 was obtained as boundary, as presented in follow-
ing Fig. 4.

Taking into account the previous considerations, the fol-
lowing intensity values were obtained. To binary segment
each image, one of these threshold intensity levels will be
applied according to each images maximum pixel value on
the red component:

e = { 205 :IpaRED > 98 ©)
205 + 40: Ip2RED < 9.8’
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Figure 4: Variation of maximum values through RGB
rotated red component images

Figure 5 presents an exemplificative bleeding image fol-
lowing the previous considerations. Fig. 5(a) Illustrates the
same random WCE image presented in Fig. 3(a) and Fig.
5(b) represents the resulting image applying the final result
of the proposed method.

(@ (b)

Figure 5: WCE images: (a) Original image with bleed-
ing presence; (b) Proposed method resulting image.

3.3 Method Performance

To perform the evaluation of the proposed method, some
broadly medical statistical indicators were applied, i.c., the
sensitivity, subjectivity and accuracy as follows [GXY*08;
LMO09]:

Sensitivity = TP+PFN B (10)
Subjectivity = % s an
TP + TN (12)

A = -
CCUTAY = TP TN + FP + FN’

where TP, TN, FP and FN designate the number of positive
examples correctly labelled, the number of negative exam-
ples correctly labelled, the number of negative examples
labelled as positive, and the number of positive examples
labelled as negative, respectively. Accuracy reflects the
relation between sensitivity and subjectivity to each other.
These indicators should show a high tendency.
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Table 1: Performance results of the proposed algorithm.

Sensitivity  Subjectivity Accuracy
Set 1 75.00% 84.50% 84.47%
Set 2 91.16% 93.01% 92.88%
Set 3 100.0% 93.30% 93.41%
Set 4 100.0% 81.40% 81.40%
Set 5 86.67% 95.56% 95.52%
Average 90.57% 89.55% 89.54%

From Table 1, one can observe that the proposed method
presents an encouraging performance for bleeding detec-
tion, as it presents high average sensitivity, subjectivity and
consequently accuracy percentages. Comparing to other
state-of-art bleeding detectors, our work over performed
some [BGK*08; GXY*08; LMRO03] that present sensitivity
values around 80% and slightly under performed others
[GGV*07; JKL*08; LCO07] that present sensitivity values
around 92 to 93%.

Moreover, the high sensitivity also reveals that the num-
ber of FN classified images, compared to TP, is low. This
indicates that few bleeding images are classified as non-
bleeding ones, taking into consideration that each image is
analysed by itself without adjacent frames information
considered.

4. Conclusions and Future Work

This paper proposed a simple colour space rotation to
augment the perception of bleeding patterns in WCE im-
ages, by projecting the information in a single channel,
instead of the original three channels. The system presented
an overall average sensitivity and subjectivity around 90%,
which proved to be promising to physicians diagnosis as-
sistance, not only through the reduction of images to ob-
serve (and consequently the reduction of time spent to ob-
tain the diagnosis), but also by the proposal of the location
to inspect in bleeding classified images.

Future work may include working in several details, such
as including non-static rotation angles to the method using
some criteria to adjust to the best perspective rotation.
Eventually, the threshold method in binary segmentation
could also be improved to dynamically be adjusted to each
image.

Another objective may be to improve the detection to in-
clude an improved approximation of shape of the bleeding
in the final segmented image, and include information of
adjacent images to classify images as bleeding/non-
bleeding ones.
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