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ABSTRACT

Wireless capsule endoscopy (WCE) can painlessly capture a
large number of images inside the intestine. However, only
a small portion of these WCE images contain hemorrhage.
It is thus critical to develop automated hemorrhage detection
method to facilitate the diagnosis of intestinal diseases. How-
ever, automated hemorrhage detection is complicated by 1)
the extreme imbalance between the amount of hemorrhage
images and that of normal images; and 2) the variety of the ap-
pearance, texture, and luminance inside the intestine. In this
paper, we proposed to learn a robust intestinal hemorrhage
detection model via Convolutional Neural Networks (CNNs),
because of CNNs’ extraordinary performance in solving vari-
ous image understanding tasks. Specially, we explored differ-
ent CNN architectures and data augmentation methods. Be-
sides, we investigated the correlation between hemorrhage
detection accuracy and image quality. Across about 1.3k
hemorrhage images and 40k normal images, the learned CNN
model achieves an F-measure of 98.87%.

Index Terms— Automated hemorrhage detection, con-
volutional neural networks, deep learning, gastrointestinal,
wireless capsule endoscopy

1. INTRODUCTION

Wireless capsule endoscopy (WCE) enjoys increasing pop-
ularity now, because it allows painless endoscopy imaging
of the whole intestine. The capsule can be easily swallowed
and cause no discomfort [1]. Besides, the wireless endoscope
takes thousands of color images during its journey in the in-
testine. On one hand, the WCE can thus provide sufficient de-
tails about the intestine, such as hemorrhage, which are essen-
tial symbols of various intestinal diseases. On the other hand,
it is time-consuming for physicians to look through all the
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Fig. 1. Tllustration of hemorrhage intestinal images (top) and
normal ones (bottom), captured by WCEs.

WCE images. In addition, sometimes hemorrhage is present
in only a few images and may be missed by the physicians
because of oversight. As aresult, it is critical to develop auto-
mated hemorrhage detection algorithms to reduce the burden
of physicians and benefit the early diagnosis of intestinal dis-
eases [2].

Fig. 1 illustrates several intestinal WCE images. The left
image is with hemorrhage; the right one is normal. There are
great varieties in the appearance, texture, and illumination in
these images. Besides, the hemorrhage regions vary greatly
in term of size and pattern. Furthermore, the amount of hem-
orrhage images is much less than that of normal images. This
imbalance makes it difficult to learn a robust model that can
work well for both types of images. Thus, automated hemor-
rhage detection is complicated and challenging.

To date, several attempts have been made to design auto-
mated intestinal hemorrhage detection methods for the WCE
images. These methods typically focus on extracting low-
level features, such as raw pixel values [3], statistical fea-
tures [4] or texture features [5, 6], to discriminate the hemor-
rhage regions and normal regions. Afterwards, traditional ma-
chine learning techniques, e.g. the Support Vector Machines
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(SVMs) [3, 7], are adopted to perform a binary classifica-
tion of normal or hemorrhage images. However, these hand-
crafted features have been demonstrated limited for compli-
cated image understanding tasks [8]. It is necessary to learn
robust models that work well in limiting conditions.

Recently, deep learning technologies, especially Convo-
lutional Neural Networks (CNNSs), have shown extraordinary
performance in various image understanding tasks [9]. Re-
searchers therefore explore CNNs in the task of medical im-
age analysis [10]. As expected, CNNs lead to distinct im-
provement in performance. Thus, we proposed to exploit
CNN s for learning intestinal hemorrhage detection models.

In this paper, we explored different CNN architectures, in-
cluding LeNet [11], AlexNet [9], GooglLeNet [12], and VGG-
Net [8]. These architectures are different in the input for-
mat, depth, and modules. In addition, to improve the robust-
ness of the learned model, we augmented the data with var-
ious transformations, including rotation, blurring, luminance
change, and Poison noise. Besides, we investigated the cor-
relation between hemorrhage detection accuracy and image
quality. To our knowledge, this is the first usage of CNNs
for intestinal hemorrhage detection in WCE images. Across
about 1.3k hemorrhage images and 40k normal images, the
proposed method achieves an F-measure of 98.87%.

The rest of this paper is organized as below. Section
2 briefly reviews the existing works about intestinal hemor-
rhage detection and deep learning based medical image anal-
ysis. Section 3 details the proposed intestinal hemorrhage de-
tection method via CNNs. Experimental results are presented
and analyzed in Section 4. Section 5 concludes this paper.

2. RELATED WORK

In this section we briefly review the related works about 1)
intestinal hemorrhage detection in capsule endoscopy images;
and 2) the usage of deep learning in medical image analysis.

Intestinal hemorrhage detection. Traditionally, re-
searchers adopt the raw pixel values or their statistics [3] [13]
to discriminate the hemorrhage regions from the normal re-
gions. For example, Liu and Yuan [3] explore three types of
features, i.e. the raw pixel values, color histogram, and the
pixel-wise ratio different color components. Afterwards, they
use a SVM to predict whether a WCE image is normal or
bleeding based on these features. Additionally, researchers
[5] [6] combine the color texture feature and uniform local
binary patterns (LBPs) to represent WCE images, and use the
multilayer perceptron neural network or SVM to detect the
bleeding regions. For example, Hwang [14] combines color
features and Gabor features, and then takes the idea of bag-of-
visual-words for feature learning. More recently, Hassan and
Haque [7] extract features from the discrete Fourier transform
(DFT) coefficients of the WCE images, and then use a SVM
to formulate a classifier.
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Medical image analysis via deep learning. Recently, re-
searchers begin to explore deep learning technologies in the
tasks about computer-aided medical image analysis [15, 16].
For example, Grinsven et al. [10] utilize a 9-layer CNN for
bleeding detection in fundus images, and speed up the CNN
training by dynamically selecting misclassified negative sam-
ples during training. More recently, Tajbakhsh et al. [15]
explore the usage of CNNs in four distinct tasks, e.g. polyp
detection in colonoscopy images. They find that it is promis-
ing to fine-tune a CNN model (pre-trained in natural image
processing tasks) for medical image analysis.

Encouraged by the success of deep learning techniques,
especially CNNs, in medical image analysis, we proposed
to learn robust intestinal hemorrhage detection models via
CNN:s. Details are introduced in the following section.

3. THE PROPOSED METHOD

In this paper, to mitigate the overfitting risk, we first aug-
mented the data with various transformations. Afterwards, we
explored a number of classic CNN architectures, and trained
them in the intestinal hemorrhage detection task. Details are
sequentially represented in the following subsections.

3.1. Data augmentation

During the journey inside the intestine, a wireless capsule
endoscope might take photos of the local intestine regions
from random and arbitrary angles and distances. As illus-
trated in Fig. 1, the WCE images might be blurring due to
poor focusing, or contain bubbles. Besides, the illuminance
condition varies greatly, the resulted images might be dark,
low-contrast, and contain Poisson noise. The learned model
should be capable of dealing with such degraded images. In
this paper, we formulated these degradations by using the fol-
lowing transformations. Fig. 2 shows one original image and
its transformed images.

Rotation: We rotated the image by an angle of o°® with
the nearest-neighbor interpolation. Here, « is uniformly cho-
sen from 60 to 300 with a step of 60. As a result, we obtained
5 rotated versions of each original image.

Luminance change: We changed the luminance of each
image by a random factor. Specially, we first converted the
image from the RGB space to the YCbCr space. Afterwards,
we uniformly and randomly chose one scalar A from the inter-
val of [0, 1], and then multiplied A with the Y channel. Finally,
we converted the modified image to the RGB space and saved
it into an image file. We repeated this process five times, and
thus obtained five versions of the original image. Here, we
chose random factors instead of fixed ones to make the lu-
minance of the augmented images spread across the whole
possible value space. As shown in Fig. 2, the luminance of
the modified images might be very low.
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