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INTRODUCTION: Wireless capsule endoscopy (WCE) video recording consists of about 60,000 
images captured at 2 frames per second, which are interpreted by an experienced endoscopist 
regarding the surface abnormalities like erosions, ulcers, bleeding, strictures etc. The process of 
video inspection is usually a tedious task that takes several hours. 
AIMS & METHODS: The aim of the study is to develop and evaluate software for aiding WCE 
video analysis, such as coarse localization of the large-scale abnormal areas and areas of 
retention of capsule that require a detailed examination. A dedicated web-like model of 
deformable rings (MDR) was applied for pre-analysis of WCE video of gastrointestinal tract. The 
model determines relative movement of tube-like surface by comparing consecutive video frames 
with regard to displacement of its distinctive portions. During analysis, MDR creates a two-
dimensional graphic representation or map of the gastrointestinal tract and computes an estimate 
of capsule velocity. This map serves as a quick reference to video sequences, supports rough 
identification of segments of the bowel, and provides data sufficient for localization of the large-
scale abnormalities. 
RESULTS: Ten known WCE recordings were included consisting of five normal and five 
abnormal cases (one case each of gross bleeding, multiple large erosions, ileal ulcers due to 
Crohn's disease, gastroparesis and ileal stricture). Using the maps and the corresponding video 
recordings certain characteristics have been recognized that indicate areas of bleeding, 
ulceration, obscuring luminal contents or froth, areas of capsule retention etc. Keeping these 
characteristics in mind, the maps can be glanced through for quick identification of abnormal 
areas for further detailed endoscopic viewing to ascertain the nature of these abnormalities. This 
method noticeably reduced examination time with 4 of the 5 abnormal recordings. 
CONCLUSION: Computerized analysis of the WCE recordings is feasible and reduces the 
human labor involved in the interpretation of WCE images. Although the results of the present 
study are encouraging, the methodology needs to be tested using more data before clinical utility 
can be established. 
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ABSTRACT

Aim: This study aims to develop and test software for aiding wireless capsule
endoscopy (WCE) video analysis, such as the coarse localization of large-
scale abnormal areas and capsule retention areas that require a detailed
examination.

Method: Typical WCE video recording consists of about 60000 images
captured at two frames per second. Such a recording is interpreted by an
expert gastroenterologist, who identifies various mucosal abnormalities such
as erosions, ulcers, bleeding, strictures etc. A dedicated web-like model of
deformable rings (MDR) was applied for pre-analysis of WCE video of

gastrointestinal tract to aid with the interpretation procedure. The model
determines relative movement of tube-like surface by comparing consecutive
video frames with regard to displacement of its distinctive portions. During
analysis, MDR creates a two-dimensional graphic representation or a map of
the gastrointestinal tract and computes an estimate of the capsule velocity.
This map serves as a quick reference to video sequences, supports rough
identification of segments of the bowel, and provides data sufficient for
localization of large-scale abnormalities.

Results: Ten known WCE recordings consisting of five normal and five
abnormal cases – one case each of gross bleeding, multiple large erosions,
ileal ulcers due to Crohn's disease, gastroparesis and ileal stricture – were

used as test cases. The produced maps clearly identified areas of bleeding,
ulceration, obscuring luminal contents or froth, areas of capsule retention, etc..
A physician can quickly scan these maps  and identify abnormal areas for
further detailed endoscopic viewing to ascertain the nature of these
abnormalities. This method noticeably reduced examination time with 4 of the
5 abnormal recordings.

Conclusions: Computerized analysis of the WCE recordings is feasible and
reduces the human labor involved in the interpretation of WCE images.
Although the results of the present study are encouraging, the methodology
needs to be tested using more data before clinical utility can be established.

MDR IMPLEMENTATION

The MDR was implemented in C++ in DirectShow
technology10 as a video-processing module (filter). It was
experimentally established that acceptable results could
be obtained with models having 7 rings, with 128 nodes
per ring. The matching process is performed in several

phases with different coefficients of image influence and
elasticity. The average time of processing the 8-hour

video recording is less then 30 minutes using a PC with
an Intel Pentium IV 1.8 GHz processor.

VIDEO PROPERTIES

 The wireless capsule endoscope used in this study produces color images
at a rate of two frames per second for approximately 8 hours. The images

cover a circular 140° field of view of the internal lumen of the GI tract. Since
the shape of the capsule is elongated and the GI tract is akin to a collapsed
tube, most of the time the wireless capsule endoscope aligns in a direction

parallel to the GI tract, heading the camera lenses forward or backward.
Therefore, it was assumed that most of the video frames contain images of
the GI tract walls, which converge in perspective at the point located near

the center of an image. As the capsule passes through, portions of the tract
shift outward or toward the center of an image.

Folded walls of digestive tract or intense peristaltic movements may cause
the capsule to change its pitch or yaw in relation to the axis of the GI tract.

However, such changes do not last long and the capsule eventually
repositions to stay parallel with the axis of the GI tract.

INTRODUCTION

The human small intestine cannot be visualized using a traditional
endoscopic approach. The wireless capsule endoscopy (WCE)6, 9 is a

relatively new technique that facilitates the imaging of the small
intestine. The WCE system consists of a pill-shaped capsule with

built-in video camera, light-emitting diodes, video signal transmitter,
and battery, as well as a video signal receiver-recorder device. The

capsule is ingested and passes through the gastrointestinal (GI) tract.
The transmitted images are received and recorded by an external

receiver-recorder device.

The investigation of video recordings is performed by a trained
clinician. The video interpretation involves viewing the video and

searching for bleedings, erosions, ulcers, polyps and narrow sections
of the bowel due to disease, or any other abnormal-looking entities. It
is a tedious process that takes considerable amount of time, usually
more than an hour per recording. The interpretation requires a high
level of concentration while viewing, so as not to miss focal lesions

that might be present in only few frames and could be easily missed.
Froth or partially digested luminal content that obscures the mucosal

details creates interpretation problems. Additionally, localization of the
capsule is difficult and often inaccurate since neither the progression
of the capsule nor the distance from a visual reference point can be

estimated with reasonable accuracy.

MDR MATCHING

 In the current approach we follow relative movements2-4, 8 of digestive system walls by
matching of consecutive video frames using the model of deformable rings (MDR). The MDR is
a mesh positioned in the plane of a video frame. It forms concentric rings surrounding the center

of the frame.

MDR nodes store information on local image properties that were found at their locations within a
preceding video frame. The nodes search the vicinity of the current frame for locations having

similar properties. Each node is pushed toward such a location. On the other hand, the
arrangement of nodes within the MDR mesh has to be retained. This requirement is satisfied by

modeling tensions1, 5, 7 within the model structure. The elastic matching is a process of successive
displacements of nodes intended for finding a state, in which a balance between the two effects is

obtained.

The process of elastic matching is repeated for every frame of the WCE video recording. It must be
noted that as the capsule moves forward the MDR expands while matching consecutive video

frames. If the capsule moves backward the model shrinks.
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MAP ASSEMBLING

The average size of the MDR is computed after
completion of every matching. If it is larger then some
presumed maximum size, the outer ring of the model

is erased and a new inner ring is created. If the
model is smaller then some minimum size then the

inner ring is erased and a new outer one is added. In
either case of rings swapping, RGB vectors sampled

at locations of nodes forming the outer ring are
arranged in a row of pixels. All such rows are

collected during the video processing to form an
image or a map of a GI system surface. Furthermore,

based on number of frames between swapping
events, capsule pace is evaluated.
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MDR UTILITY

 An ideal WCE preprocessed data should enable the
clinician to quickly get an overview of the entire

recording in terms of completeness of the procedure
(whether the capsule endoscope traversed the entire

GI tract) and adequacy of the procedure in terms of the
recording quality (absence of obscuring froth or luminal
content including gross bleeding). It should facilitate the
identification of abnormal areas and quickly focus the

efforts in interpreting the mucosal details of the
selected areas rather, than scan the entire recording.

It was found that certain characteristics that indicate
areas of bleeding, ulceration and obscuring froth could
be recognized within maps. Therefore, the map can be

glanced through for quick identification of such
abnormal areas designated for further detailed

investigation. Moreover, by means of capsule velocity
estimate, areas of capsule retention (e.g. due to

structural abnormalities like strictures or functional
abnormalities like achalasia, gastroparesis, dysmotility
or ileus) can be detected. The map can also serve as a

reference to the WCE video recording.
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