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Effects of vibratory actuation on endoscopic capsule vision
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Abstract— Current research in capsule endoscopy aims at
endowing the capsules with some means of actively propelling
themselves inside the gastrointestinal (GI) tract, as opposed
to the present practice of passive propulsion by peristalsis.
Advantages of these active capsules are the significant potential
reductions in the duration of the associated diagnostic proce-
dures, as well as the possibility to direct the line-of-sight of
the on-board cameras towards interesting features of the GI
tissue. One such means of active propulsion is by vibratory
actuation, employing eccentric-mass micromotors, which is
shown to reduce the friction of the capsule with the GI tract.
The effect of vibrations on the quality of the acquired images
is explored in the present study, which demonstrates that such
vibrations do not affect adversely the diagnostic effectiveness of
the endoscopic capsules. The parameters of vibratory actuation
are evaluated as to the loss of high-frequency information in
the acquired images, due to the induced motion blur, and
appropriate design guidelines for the vibratory actuation system
are established. The validity of this study has been evaluated
by ex-vivo and in-vivo experiments.

I. INTRODUCTION

Capsule endoscopy (CE) [1], [2] is a diagnostic proce-
dure, in which a swallowable pill-sized capsule is utilized
to acquire images through the gastrointestinal (GI) tract,
employing a microcamera mounted on one (or both) of its
tips. This is a lengthy procedure (typically lasting from 6
to 18 hours), since the capsule moves passively through
the GI tract by means of the naturally-occurring peristalsis.
Recent research efforts have focused on methods for actively
controlling the capsule’s motion, in order to reduce the
duration of the procedure, as well as to increase its diagnostic
value (e.g., by directing the camera’s line-of-sight to specific
regions of interest) [3], [4].

In contrast to conventional endoscopes, where wiring
through the probe facilitates high-resolution imaging and
high frame rate, in CE the wireless transmission of images
and power-consumption constraints impose limited frame
rate and image resolution. As an example, the widely used
endoscopic capsule PillCam developed by Given Imaging
[5], delivers images of 256 x 256 pixels at a frame rate
of 2 Hz. Therefore, it is crucial that any active-locomotion
principle to be used in CE gracefully integrates with the
image acquisition process and does not result to a significant
degradation in the quality of the acquired images.

In this context, the present paper focuses on the effect of
vibratory actuation schemes, currently under investigation for
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CE, on imaging quality. The main effect of concem is motion
blur, due to the vibration-induced capsule motions while
an image is being acquired. The parameters of vibratory
motion are studied in relationship with the quality of the ac-
quired images, in terms of clarity and - therefore - diagnostic
value. The motivation is to facilitate the initial design of
an appropriate system and to provide insights regarding the
integration of vibratory actuation with image acquisition in
CE.

In Section I of the paper, the proposed vibratory actuation
motion principle is presented and demonstrated experimen-
tally. A series of computational tools, the development of
which is described in Secction III, are then employed in
Section IV for a parametric study, where the simulated
capsule trajectories are utilized to predict and to evaluate
the quality of images acquired in the presence of vibrations.
Associated experimental results, involving in-vivo tests of
prototype capsules integrating vibratory actuation and imag-
ing modules, are provided in Section V.

II. VIBRATORY ACTUATION

Our group is currently investigating vibratory actuation
schemes for capsular endoescopy, employed cither as a stand-
alone locometion method or in conjunction with other means
of capsule propulsion. For the latter case, in particular, we are
interested in the use of vibrations for reducing the frictional
resistance encountered by the endoscopic capsule when mov-
ing through the GI tract. A number of previous studies have
analyzed theoretically and demonstrated experimentally this
frictional reduction through vibrations for the sliding contact
between metals (see. e.g., [6]. [7]). as well as for medical
devices which exploit this principle [8], [9].

A series of prototype devices, integrating on-board
eccentric-mass motors, has been developed, m order to
investigate vibratory actuation schemes for endoscopic cap-
sules. The prototype shown in Fig, la employs a rod-
shaped vibration motor, whose axis of rotation is aligned
with the capsule’s main axis, and which is powered by a
pair of watch batteries. Using a custom test-stand. based
on a motorized linear stage and a high-precision force
gauge (Alluris FMI-210A45), the frictional resistance of this
prototype was evaluated, as it was being pulled through
flexible tubular environments simulating the GIT, for both
activated and non-activated vibrations of the on-board ec-
centric motor, at different traction velocities. Indicative force
data from experiments with the capsule moving through a
collapsible latex tube (see Fig. 1b), which was lined with
liquid soap (simulating the presence of mucus), are shown
in Fig. 2. The obtained results, for three different traction
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i Capsule prototype Fg resisting motion of the capsule is described by a com-
bined Coulomb and viscous force model whose parameters
(stiction level and viscosity coefficient) are functions of the
normal force Fiy applied by the system to the substrate (Fy

Speed: 11000rpm : 5 presents periodic variations, brought about by the rotation of

the macc m)

namely (i) the mechanical model of the capsule and its inter-
action with the environment, whose implementation is based
on the SimMechanics toolbox of Matlab/Simulink, and (ii)
an environment sensing module, incorporating a simulator
of the capsule’s vision system, which is developed in C++
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