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(57) ABSTRACT

A locomotion system for use in a medical device, including
at least one magnet, a rotor including a plurality of coil
windings, and a ferromagnetic member. The rotor is con-
figured, on application of a current to the plurality of coil
windings, to travel along the ferromagnetic member and to
impact on a surface.
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LOCOMOTION SYSTEM FOR A MEDICAL
DEVICE

RELATED APPLICATIONS

[0001] This application claims priority from Application
PCT/EP2021/075342, filed Sep. 15, 2021, and claims pri-
ority from Great Britain Patent Application No. 2014594.2,
filed Sep. 16, 2020, each of which are incorporated by
reference in their entireties in this application.

TECHNICAL FIELD

[0002] The present disclosure relates to a locomotion
system for use in a medical device such as an endoscopic
capsule.

BACKGROUND

[0003] Miniaturized medical devices, such as endoscopic
capsules, offer many significant benefits over traditional
methods of diagnosing and treating patients. In particular,
most miniaturized medical devices can be easily inserted
into the human body with minimal discomfort or risk. Once
inside the body, the small size of such devices offers greater
versatility for performing diagnosis, drug delivery and other
therapies.

[0004] To take the example of an endoscopic capsule, such
a capsule can be swallowed by a patient in the same manner
as an ordinary pill. This removes the need for more involved
and invasive procedures associated with traditional endos-
copies, where a camera on the end of a cable is inserted into
the body. A capsule endoscope typically includes a camera.
As the capsule passes through the body, in particular the
digestive tract, the camera can take many thousands of
images. These images can be processed and can aid in
diagnosis of bowel diseases and such like.

[0005] Traditionally, a capsule endoscope travels through
the digestive tract in the same manner as any other ingested
item. That is, the capsule is propelled along the digestive
tract by contractions of the respective organs and muscles of
the stomach, intestine and so on. This limits the utility of the
device, because the speed at which the capsule moves is
dependent on the biology of the patient and cannot be
effectively controlled by an external operator. The capsule
position can also not be effectively controlled or modified,
which makes it difficult to focus the procedure on critical
sections of the digestive tract.

[0006] Some attempts to mitigate these problems have
been suggested, such as providing an endoscopic capsule
with its own locomotion mechanism, so as to enable the
capsule to move of its own accord in response to operator
instructions. However, existing systems of this nature have
also encountered problems. In particular, generating suffi-
cient force to drive the capsule in a particular desired
direction has proved challenging, given the restrictions on
the size of the capsule and the need to overcome frictional
forces generated by the internal walls of the digestive tract.
[0007] It would therefore be advantageous to provide
systems and methods which provide for improved locomo-
tion of a medical device, such as a capsule endoscope, when
inside the body.

SUMMARY

[0008] This summary introduces concepts that are
described in more detail in the detailed description. It should
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not be used to identify essential features of the claimed
subject matter, nor to limit the scope of the claimed subject
matter.

[0009] According to one aspect of the present disclosure,
there is provided a locomotion system for use in a medical
device, comprising at least one magnet, a rotor comprising
a plurality of coil windings and a ferromagnetic member.
The rotor is configured, on application of a current to the
plurality of coil windings, to travel along the ferromagnetic
member and to impact on a surface.

[0010] The motion of the rotor along the ferromagnetic
member is caused by the electromagnetic interaction
between the at least one magnet and the plurality of coil
windings when a current is passed through the windings.
[0011] The rotor can be considered an actuator and can
impart motion to a medical device in which the locomotion
system is provided. In further detail, when the locomotion
system is incorporated in a medical device, the impact force
generated by the rotor striking the surface is transferred to
the medical device as a whole. The impact force can thereby
propel the medical device in a particular direction. Accord-
ingly, when provided in a capsule endoscope or similar
device, the disclosed locomotion system provides a mecha-
nism to control the position of the medical device within the
body.

[0012] Moving the medical device through use of an
impact-based mechanism rather than, for example, an exter-
nal magnetic mechanism or a system based on inertial
movement increases the likelihood that the device is able to
overcome frictional forces acting on the device when inside
the body. In particular, an impact transfers momentum
quickly over a short period of time. This results in a greater
overall driving force than an inertial-based mechanism,
where acceleration and deceleration occur over a longer time
period.

[0013] The ferromagnetic member, along which the rotor
travels during actuation, acts to guide the magnetic field
from the one or more magnets. In particular, the field is
guided toward the ferromagnetic member. As a result, the
magnetic field density across the plurality of coil windings
of the rotor as it travels along the ferromagnetic member is
greater, because dissipation of the magnetic field is reduced.
Additionally, the channelling effect provided by the ferro-
magnetic member causes the magnetic field to be arranged
more perpendicularly to the coil windings as the rotor travels
along the ferromagnetic member. As a result, the accelera-
tion experienced by the rotor is stronger because the direc-
tion of the net electromotive force is closer to being parallel
with the direction of travel.

[0014] Providing a denser and more perpendicular mag-
netic field results in greater and more uniform acceleration
of the rotor. As a result, the rotor will accelerate toward the
impact surface faster and can generate a larger impact force
on striking the surface. The larger impact force increases the
chance that the medical device is able to move in the desired
direction. For example, in the case of a capsule endoscope,
the increased impact force increases the likelihood that the
capsule is able to overcome the frictional forces of the
digestive tract. As can be seen, the disclosed system there-
fore provides a more effective driving mechanism for a
medical device such as a capsule endoscope.

[0015] The locomotion system can comprise a housing.
The at least one magnet, rotor and ferromagnetic member
can be provided within the housing, optionally alongside
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other components. Optionally, the surface which the rotor
impacts can be a surface or wall of the housing.

[0016] The ferromagnetic member can be located cen-
trally within the housing. For example, the housing can
circumferentially surround the ferromagnetic member.
[0017] Optionally, the locomotion system can be such that
the rotor is not in sliding contact with the housing as it
travels along the ferromagnetic member. If the rotor is in
sliding contact with the housing as it travels, it experiences
a significant frictional force. This can slow the rotor down
and reduce the driving force which the rotor is able to
provide. Avoiding sliding contact between the housing and
the rotor as it moves avoids this issue.

[0018] One way to avoid sliding contact between the rotor
and the housing can be to have the rotor interface with
and/or be in contact with the ferromagnetic member as it
travels, instead of the housing. As the ferromagnetic member
has a smaller diameter than the housing, it also has a smaller
surface area acting to provide friction on the rotor as it
moves. The frictional force acting on the rotor is therefore
less than if the rotor were in sliding contact with the housing
as it moved.

[0019] Optionally, the ferromagnetic member can com-
prise a rod or rail. In that case, the rotor can engage the rod
or rail as it moves along. For example, the rotor can be
configured to slide along the rod or rail.

[0020] The rotor can surround at least a portion of the
ferromagnetic member. For example, the ferromagnetic
member can run through the rotor. The ferromagnetic mem-
ber can be attached to and/or support the weight of the rotor,
or another element of the locomotion system can perform
this function instead or in addition.

[0021] Optionally, the rotor can comprise a carriage
around which is wound the plurality of coil windings.
[0022] The wire diameter of the rotor coil windings can be
between 0.03 mm and 0.3 mm inclusive. A “winding” in this
context is to be interpreted as a section or loop of wire. The
plurality of coil windings can be formed by a single wire or
by a plurality of wires.

[0023] The locomotion system can comprise a plurality of
magnets. The plurality of magnets can be arranged circum-
ferentially around the rotor and ferromagnetic member. The
term “circumferentially” is to be interpreted broadly as
meaning that the magnets substantially surround the ferro-
magnetic member and/or rotor, but does not necessarily
imply that the magnets form a circle.

[0024] The ferromagnetic member can be provided at the
centre of the magnets. This can advantageously maximise
the channelling effect of the ferromagnetic member on the
magnetic field.

[0025] Each magnet can be configured such that the same
polar face of each magnet (i.e. the “North” or “South” face)
faces toward the rotor and ferromagnetic member. If a
housing is provided, the plurality of magnets can be pro-
vided within the housing between the housing and the rotor
and ferromagnetic member.

[0026] The locomotion system can comprise a returning
element configured to repel the rotor from the impact
surface. For example, the returning element can comprise a
spring or an additional magnet. The term “spring” is to be
interpreted broadly as any resilient and/or elastic component
operable to repel the rotor from the impact surface. The
returning element can be configured to return the rotor to a
starting position after it has struck the surface. Alternatively
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or additionally, this returning action can be achieved by
changing the polarity of the current flowing through the coil
windings of the rotor.

[0027] According to another aspect of the present disclo-
sure, there is provided a locomotion system for use in a
medical device, comprising a ferromagnetic enclosure, a
plurality of coil windings, and a rotor comprising at least one
magnet. The rotor is configured, on application of a current
to the plurality of coil windings, to travel along the ferro-
magnetic enclosure and to impact on a surface.

[0028] According to a further aspect of the present dis-
closure, there is provided an endoscopic capsule comprising
a locomotion system as disclosed herein. Such an endo-
scopic capsule can be able to traverse the intestinal tract
more effectively due to the increased force provided by the
actuation mechanism of the locomotion system.

[0029] According to a yet further aspect of the present
disclosure, there is provided a method of moving a medical
device comprising a locomotion system as disclosed herein.
The method comprises applying a first current to the plu-
rality of coil windings to cause the rotor to travel along the
ferromagnetic member or ferromagnetic enclosure in a first
direction and impact on a surface. The rotor impacting on the
surface generates motion of the medical device in the first
direction.

[0030] By repeatedly causing the rotor to impact on the
surface in this manner, the impact force can be transferred to
the medical device. The medical device can thereby be
driven through the body, for example the digestive tract, in
a desired direction. This provides greater control over the
medical procedure being performed. In particular, a medical
practitioner can be able to more easily target specific sec-
tions of the body for imaging, drug delivery or some other
therapeutic intervention.

[0031] Optionally, the method comprises moving the rotor
in a second direction away from the impact surface. This can
be considered as resetting the rotor or actuation mechanism.
The rotor can be moved in the second direction back to a
start position, before being moved in the first direction to
strike the surface once again.

[0032] Moving the rotor in the second direction can com-
prise applying a second current to the plurality of coil
windings. Said second current can have an opposite polarity
to the first current such that application of the second current
causes the rotor to travel along the ferromagnetic member in
the second direction. The second current can be of a lower
magnitude than the first current and/or can be applied for a
shorter duration than the first current. This can ensure that
the impact force generated by the rotor in the first direction
is greater than any impact or inertial forces generated by the
rotor in the second direction. Alternatively, a returning
element such as a spring or an additional magnet can be used
to move the rotor in the second direction, as described
above.

[0033] According to a yet further aspect there is provided
a method for the diagnosis of a disease or condition in a
patient using a medical device comprising of a locomotion
system as disclosed herein, comprising the steps of gener-
ating images of the gastrointestinal tract and analysing said
images to provide a diagnostic indicator of whether the
patient has a disease or condition.

[0034] For example, the disease or condition can be can-
cer. The disease or condition can be polyp in the large or
small intestine, stomach or oesophagus. The disease or
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condition can be a gastrointestinal disease, for example a
gastrointestinal disease characterised by inflammation, for
example Crohn’s Disease, Ulcerative colitis, Indeterminate
colitis or Irritable Bowel Syndrome (IBS).

[0035] The method can further comprise guiding the
device to a pre-determined location of the gastrointestinal
tract. The device can be guided by wireless communication
with a remote control activating and deactivating the loco-
motion device within the device.

[0036] The disease or condition can be a gastrointestinal
disorder, inflammation, injury or cancer. The gastrointestinal
disorder can be oral disease, oesophageal disease, gastric
disease, intestinal disease or accessory digestive gland dis-
ease. Examples of gastrointestinal disorders include consti-
pation, irritable bowel syndrome, haemorrhoids, anal fis-
sures, perianal abscesses, anal fistulas, diarrhoea, perianal
infections, diverticular diseases, colitis, colon polyps,
Crohn’s disease, Celiac disease, gall stones, bile duct stones,
bile duct strictures, gastroesophageal reflux disease (GERD)
or peptic ulcer disease (PUD).

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Illustrative implementations of the present disclo-
sure will now be described, by way of example only, with
reference to the drawings. In the drawings:

[0038] FIGS. 1a and 15 depict an example first embodi-
ment of the locomotion system of the present disclosure;
[0039] FIG. 2 depicts a rotor of the first example embodi-
ment in greater detail;

[0040] FIGS. 3a and 35 depict an example medical device
in which the locomotion system can be incorporated;
[0041] FIGS. 4a and 4b depict an example second
embodiment of the locomotion system of the present dis-
closure;

[0042] FIG. 5 schematically depicts the operation of the
locomotion system and how this system can be used to
propel a medical device in a desired direction; and

[0043] FIGS. 6a and 65 depict two example voltage wave-
forms which can be provided to the coils of the rotor to cause
it to accelerate.

[0044] Throughout the description and the drawings, like
reference numerals refer to like features.

DETAILED DESCRIPTION

[0045] This detailed description describes, with reference
to FIGS. la, 15, and 2 an example locomotion system
according to a first embodiment of the present disclosure.
Incorporation of the locomotion system in an example
medical device is then described with reference to FIGS. 3a
and 3b. An alternative embodiment of the locomotion sys-
tem is described with reference to FIGS. 4a and 4b. Finally,
example operation of the locomotion system is described
with reference to FIGS. 5, 6a and 654.

[0046] The systems disclosed herein relate generally to a
locomotion system for use in a medical device, in particular
a miniaturized medical device such as an endoscopic cap-
sule. The term “miniaturized medical device” in this context
is intended to mean a device which can be wholly inserted
into the body and which typically travels around or through
the body by virtue of its own propulsion or drive system, or
as a result of the body naturally passing the device through
a particular biological structure such as the digestive tract.
This is in contrast to traditional larger scale medical devices
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such as cable-based endoscopes, which remain physically
connected to the outside world during operation.

[0047] A locomotion system for a medical device accord-
ing to a first embodiment comprises at least one magnet and
a rotor comprising a plurality of coil windings. When a
current is provided to the plurality of coil windings, the
resultant magnetic field generated around the coil windings
interacts with the magnetic field(s) of the magnet(s). The
resultant force causes the rotor to travel in a certain direction
along a ferromagnetic member, until the rotor impacts an
impact surface. The resulting impact force is able to generate
motion of the medical device.

[0048] An example arrangement of such a locomotion
system will now be described in greater detail with respect
to FIGS. 14 and 15.

[0049] FIG. 1a depicts an end-on, cross-sectional view of
an example locomotion system 100 of the first embodiment
of the present disclosure. The locomotion system 100 com-
prises a housing 102, which in this example is made of
maraging steel. In this example the housing 102 is cylindri-
cal on its outside and thus has a circular outer cross-section.
In this example the housing 102 has an octagonal inner
shape, and thus has an octagonal inner cross-section. The
housing can alternatively take a different shape and have a
different inner and outer cross-section.

[0050] The locomotion system 100 further comprises a
plurality of magnets 104. In this embodiment there are eight
magnets, with one magnet arranged on each of the eight
inner faces of the housing 102. The North face of each
magnet faces inwards into the centre of the locomotion
system 100 in this example. The magnets 104 thus form a
circumferential ring around the centre of the locomotion
system 100. The terms “circumferential” and “ring” are in
this context to be interpreted broadly, and are not limited to
a precise circular arrangement. In other examples, the mag-
netic field could be provided by a single or a plurality of tube
shaped magnets.

[0051] At the centre of the locomotion system 100 is
provided a ferromagnetic member 106. In this embodiment,
the ferromagnetic member 106 is cylindrical and runs along
the central length of the housing 102, as is more apparent
from FIG. 1B. In this example the ferromagnetic member
106 is made of steel and is press-fitted into a slot at the back
of the housing 102 to firmly secure it to the housing 102. In
this example the ferromagnetic member 106 is made from
steel such as mild steel.

[0052] The locomotion system 100 also comprises a rotor
300. In this example of the first embodiment the rotor 300
comprises a sled or carriage 108 and a plurality of windings
112 wound around the carriage 108, as will be discussed in
relation to FIG. 2.

[0053] In this example the rotor 300 is slotted over the
central ferromagnetic member 106. The fit is such that the
rotor 300 is freely able to slide along the ferromagnetic
member 106. The ferromagnetic member 106 can in this
example therefore be considered a rail, track or guide.
[0054] In other examples there can be no direct contact
between the ferromagnetic member 106 and the rotor 300.
For example, the rotor 300 can be attached to and supported
by another component of the locomotion system 100 such as
the housing 102, such that there is an air gap between the
rotor 300 and ferromagnetic member 106 as the rotor 300
moves along the member 106.
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[0055] Turning now to FIG. 1B, the example locomotion
system 100 of FIG. 14 is shown in side cross-section, from
view B-B indicated in FIG. 1a.

[0056] As can be seen, the ferromagnetic member 106
passes through and beyond the full length of the housing 102
in this example and is press fitted into the housing 102 at one
end, to the left side of FIG. 1B. The housing 102 defines a
volume in which the rotor 300 can travel freely along the
ferromagnetic member 106. In this example the magnets 104
extend along almost the entire length of this volume.
[0057] The structure of the rotor 300 in this example of the
first embodiment can be more clearly discerned from FIG. 2.
As can be seen, the rotor 300 comprises a plurality of coil
windings 112 provided around a carriage 108. In this
example the coil windings 112 are wound around the car-
riage 108 such that they form a cylindrical winding volume
or armature around the ferromagnetic member 106. In this
example the rotor sled 108 is made from a non-magnetic
material.

[0058] In this example the windings 112 are formed from
enamel coated copper wire or “magnet wire”. In this
example, a very thin wire gauge is used to ensure that a very
high number of windings 112 around the carriage 302 can be
provided. This improves the function of the device by
increasing the density of the magnetic field produced when
current is passed through the coil windings 112. In this
example, a wire outer diameter of 0.2 mm is used. Depend-
ing on the available voltage, the wire gauge can be altered
to match the resistance to the available current.

[0059] The locomotion system of the present disclosure
can be provided inside or as part of a medical device, to
enable the medical device to move inside the human body in
a desired direction and/or at a desired speed. This can
provide an operator with increased control over the position
of the medical device during a medical procedure. The
medical device can comprise multiple components, for
example multiple endoscopic capsules.

[0060] An example medical device in which the locomo-
tion system of the present disclosure can be provided is a
capsule endoscope. A capsule endoscope 200 comprising the
example locomotion system 100 of FIGS. 1a and 15 is
shown in FIGS. 3a and 3b. FIG. 3a depicts the capsule
end-on. FIG. 35 depicts the capsule in side-on cross-section,
from view A-A shown in FIG. 3a.

[0061] The capsule endoscope 200 comprises a capsule
shell or casing 202. The locomotion system 100 is provided
fully inside the casing 202 in this example. The capsule
endoscope 200 can also comprise components to enable the
capsule to conduct imaging. These are not shown in FIGS.
3a and 35 for simplicity.

[0062] It will be appreciated that the size and shape of the
capsule endoscope 200 is entirely optional and can change
depending on which imaging are included in the capsule
alongside the locomotion system 100. The capsule endo-
scope 200 can also comprise its own power source, or it can
be powered by an external source. The capsule endoscope
200 can comprise a control module configured to receive a
control signal from an external controller and direct move-
ment of the capsule accordingly. Such power and control-
related components of the capsule are again not shown in
FIGS. 3a and 35, for simplicity.

[0063] A second embodiment of the disclosed locomotion
system will now be described with reference to FIGS. 4a and
4b. The system is shown in head-on cross section in FIG. 4a,
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and in side-on cross section in FIG. 456 (from view A-A,
indicated in FIG. 6a). The second embodiment system can
be incorporated into a medical device in the same way as the
first embodiment, and so the above discussion in relation to
FIGS. 3a and 35/ applies similarly to the second embodi-
ment.

[0064] According to this second embodiment, a locomo-
tion system 400 for a medical device is provided and
comprises a ferromagnetic enclosure 406. A plurality of coil
windings 412 are provided and, in this example of the
second embodiment, are wound around the ferromagnetic
enclosure 406. The detail of the coil windings is not shown
in FIGS. 4a and 46 for simplicity.

[0065] As in the first embodiment, the locomotion system
400 of the second embodiment comprises a rotor 500.
However, in contrast to the first embodiment, the rotor 500
of the second embodiment comprises a magnet.

[0066] The system of the second embodiment is config-
ured such that, on application of a current to the plurality of
coil windings 412, the magnet 500 travels along the ferro-
magnetic enclosure 406 to impact on a surface. As seen in
FIG. 45, the magnet 500 thus moves from left to right
(and/or right to left) on application of a current to the
windings 412, in the same manner that the rotor 300 of the
first embodiment moved.

[0067] Accordingly, as will be appreciated, the second
embodiment is very similar to the first embodiment except
that in the second embodiment the plurality of coil windings
remain stationary and the magnet moves. This is in contrast
to the first embodiment which has this the other way around.
Put another way, the components acting as the stator and the
rotor are swapped in the second embodiment compared to
the first embodiment.

[0068] In addition, whereas the first embodiment includes
a ferromagnetic member 106 along which the rotor 300
travels, the second embodiment comprises a ferromagnetic
enclosure 406. The rotor (magnet) 500 of the second
embodiment travels along inside the enclosure 406 in the
second embodiment. The ferromagnetic enclosure 406
therefore provides the same channelling functionality as the
ferromagnetic member 106 did in the first embodiment, by
guiding the magnetic field acting between the magnet 500
and the coils 412. Similar benefits are therefore obtained as
were described above in relation to the first embodiment. In
particular, the ferromagnetic enclosure 406 strengthens the
electromagnetic coupling between the plurality of coils 412
and the magnet 500, thereby enabling the system to generate
a greater actuation force as described above.

[0069] In this example of the second embodiment, the
system 400 further comprises a sliding sleeve 414. The
magnet 500 is in sliding contact with the sliding sleeve 414
as it travels along the ferromagnetic enclosure. The sliding
sleeve 414 for example comprises a low-friction material,
optionally  polytetrafluoroethylene, PTFE, commonly
known as Teflon™. As a result, the sliding sleeve 414
provides a low friction contact guide for the magnet 500.
This reduces the heat generated by friction as the magnet
500 moves. This is advantageous because excess friction can
demagnetise the magnet 500. Thus, the sliding sleeve 414
provides a mechanism to extend the life of the device and
improve reliability.

[0070] As in the case of the first embodiment, the loco-
motion system 400 of the second embodiment can be
provided within any suitable medical device, for example an
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endoscopic capsule. The impact surface can be a surface of
the ferromagnetic enclosure 406, a surface of the medical
device or a surface of some other housing in which the
locomotion system 400 is provided, optionally within the
medical device.

[0071] One or more of the ferromagnetic enclosure 406,
magnet 500, sliding sleeve 414 and the medical device can
have a cylindrical profile, as shown in FIGS. 4a and 45. Such
an arrangement can improve channelling of the magnetic
field.

[0072] It will be appreciated that the term “enclosure” is to
be interpreted broadly and does not necessitate that the
magnet 500 is enclosed on all sides, although this arrange-
ment is also possible. In an example, the enclosure 406 is a
tube with one or two open ends, at which are provided
impact surfaces. As noted above, the impact surfaces can be
surfaces of a housing or surfaces of the medical device in
which the locomotion system is provided.

[0073] The mechanism to achieve locomotion is the same
for both the first and second embodiments of the disclosed
locomotion system. At a high level, operation of the loco-
motion system of either embodiment involves accelerating
the rotor 300, 500 by applying a current to the coil windings
112, 412. The rotor 300, 500 is thereby accelerated into an
impact a surface, and through this action motion can be
generated. This will now be described in further detail with
reference to FIGS. 5, 6a and 6b.

[0074] FIG. 5 schematically depicts how the locomotion
system of either embodiment of the present disclosure can
generate motion of a medical device in a particular direction.
The figure depicts a medical device at five different time
intervals and demonstrates how the device can move in
space as time progresses. For simplicity, FIG. 5 is highly
simplified and depicts only the rotor 300, 500 inside the
medical device. It is to be appreciated that the other com-
ponents of the locomotion systems 100, 400 described above
in relation to the first and second embodiments respectively,
are also present, however these have not been shown for
simplicity.

[0075] FIG. 5 also depicts the rotor 300, 500 striking a
wall of the medical device directly. This is again merely for
simplicity. The rotor 300, 500 can strike a wall of the
medical device, a wall of the locomotion system housing
102 or any other suitable surface to impart a driving force on
the device.

[0076] The rotor 300, 500 starting position at time t=0 is
shown in the top image of FIG. 5. In this example the rotor
300, 500 starts to the left hand side of the device. To achieve
locomotion, a current is passed through the coil windings
112, 412. This generates a magnetic field and said magnetic
field interacts with the magnetic field already present by
virtue of the surrounding magnets 104 in the first embodi-
ment or the magnet rotor 500 in the second embodiment as
described above.

[0077] As described by Faraday’s Law of Induction, this
electromagnetic interaction results in the coils 112 (and
therefore the rotor 300, 500) experiencing a force. The
direction of this force will be in either direction along the
axis of the rotor 300, 500 and ferromagnetic member 106 or
enclosure 406 (which in FIG. 5 means either to the left or to
the right), depending on the direction (polarity) of the
current flowing through the coil windings 112, 412.

[0078] The force experienced by the rotor 300, 500 accel-
erates the rotor 300, 500 in the respective direction, such that
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the rotor 300, 500 slides along the ferromagnetic member
106 or ferromagnetic enclosure 406. In the present example,
the force accelerates the rotor 300, 500 to the right, as shown
in FIG. 5, such that at a later time of t=t, the rotor 300, 500
has moved to the right.

[0079] As the rotor 300, 500 is accelerated, the force
acting to push the coil to the right (¥, ) is also acting on the
device, but in the opposite direction (i.e. to the left in FIG.
5) due to Newton’s third law. In this example, since the
device is assumed to be inside a bodily structure such as the
intestine, it is assumed that a frictional force acts on the
device (F,.), and that this will counteract movement of the
device. It is assumed that this frictional force is greater than
or equal to the force acting on the rotor 300, 500 and device
respectively. In mathematical terms, it is assumed that
Fue<F 5. As aresult, the device remains stationary during
the acceleration of the rotor 300, 500. This is depicted in
FIG. 5, where it can be seen that, while the rotor 300, 500
has moved, the device as a whole has not moved between
t=0 and t=t,.

[0080] Eventually, the rotor 300, 500 impacts an impact
surface. As described above, the impact surface could be a
surface of the locomotion system housing 102, described
above with reference to FIGS. 1a and 15. Alternatively, the
impact surface could be a surface of the medical device,
such as a surface of casing 202 of the endoscope 200
described above in relation to FIGS. 34 and 3.

[0081] Regardless of which particular surface is struck by
the rotor 300, 500, this action results in the momentum of the
rotor 300, 500 being transtferred to the surface and thus the
device as a whole. This imparts a rapid rightward force on
the device. Unlike the initial inertial force, this impact force
is large enough to overcome the frictional force acting on the
device, because it is provided over a much smaller time-
frame (Newton’s second law). As a result, the frictional
force is overcome and the device jerks forward in the
direction that the rotor 300, 500 was moving, i.e. to the right
in FIG. 5. This is shown in the third image of FIG. 5, where
at t=t, the force generated by the rotor 300, 500 hitting a
surface of the device (F,,,,..,) has overcome the frictional
force (F,.) and caused the device as a whole to move to the
right. In mathematical terms, F,,,,...”>F ;.-

[0082] In order to enable this process to happen repeat-
edly, the rotor 300, 500 needs to be moved back in the
opposite direction (i.e. to the left in FIG. 5) after impact. In
the present example, this is achieved by applying a second
current to the coil windings 112, 412 of the rotor 300, 500,
where the second current is in the opposite direction (oppo-
site polarity) to the original current supplied. This results in
a force on the rotor 300, 500 in the opposite direction, so that
the rotor 300, 500 moves to the left as shown in the fourth
image of FIG. 5, at t=t,.

[0083] As in the first instance, it is assumed that the
frictional force on the device is sufficient to keep the device
in place while the rotor 300, 500 is retracted. This can also
be doubly ensured by providing a smaller current when
retracting the rotor 300, 500 than when accelerating the rotor
300, 500 into the impact surface. For example, in the
example of FIG. 5 the current used to retract the rotor 300,
500 is only 10% of that used to accelerate the rotor 300, 500
into the impact surface, resulting in a force that is only 10%
as large. Providing a small current in this manner when
retracting the rotor 300, 500 can also ensure that the device
remains substantially stationary even if the rotor 300, 500
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impacts the back (i.e. left hand in FIG. 5) wall at the end of
retraction. This prevents any unwanted back and forth
rocking of the device.

[0084] Once the rotor 300, 500 has been fully retracted, as
shown in the fifth image of FIG. 5 at t=t,, the process can
begin again. By repeating this process and selecting an
appropriate current value when accelerating and retracting
the rotor 300, 500, it will be appreciated that the device can
be moved in a desired direction and at a desired speed.
[0085] It will be apparent that the process could be
reversed. For example, if an impact surface were to alter-
natively or additionally be provided on the left hand side of
the device as shown in FIG. 5, then the rotor 300, 500 could
be accelerated to the left to cause leftward motion of the
device. Any combination of lefiward and rightward motion
could then be used to position the device in the desired
manner. It will also be appreciated that the terms “left” and
“right” have been used herein merely to illustrate the func-
tion of the device, and are in no way intended to be limiting.
The rotor 300, 500 can move in any desired longitudinal
direction inside the device and thereby propel the device
along any desired course.

[0086] The ferromagnetic member 106 (in the first
embodiment) and the ferromagnetic enclosure 406 (in the
second embodiment) play an important role in the above-
described operation of the device. In particular, the ferro-
magnetic member 106/enclosure 406 ensure adequate accel-
eration of the rotor 300, 500, by increasing the flux through
the coils 112, 412 of the system as the rotor 300, 500 is
accelerated. Without the ferromagnetic member 106/enclo-
sure 406, the magnetic field generated by the magnets 104
or rotor 500 would quickly dissipate as a function of distance
from the magnets 104/rotor 500. The direction of the field
would also rapidly change as a function of the distance from
the magnets 104/rotor 500, causing the rotor 300, 500 to
experience a lower net force and thus a lower acceleration.
[0087] In the first embodiment, the ferromagnetic member
106 acts to counteract these undesirable effects, by guiding
the magnetic field from the magnets 104 to the volume
through which the rotor 300 travels. This not only increases
the overall strength of the field felt by the rotor 300, but also
ensures that the field is more perpendicular to the desired
direction of rotor 300 travel. This avoids the field changing
direction as it moves away from the magnet surface, ensur-
ing that the net force experienced by the energised coil is
maximised.

[0088] In the second embodiment, the ferromagnetic
enclosure 406 performs a similar function, by guiding the
magnetic field from rotor (magnet) 500 to the ferromagnetic
enclosure 406 around which are provided coil windings 412.
As in the first embodiment, this increases the overall
strength of the field felt by the rotor 500 and ensures that the
field is more perpendicular to the desired direction of rotor
500 travel. This avoids the field changing direction as it
moves away from the magnet surface, ensuring that the net
force experienced by the rotor 500 is maximised.

[0089] Tests conducted by the inventors indicate the
importance of the inclusion of a ferromagnetic element such
as ferromagnetic member 106 or ferromagnetic enclosure
406. A comparison was made between a capsule containing
the locomotion system 100 described above in reference to
FIGS. 1a and 14, and a similar capsule where the only
difference was that no ferromagnetic member was present.
That is, the rotor of the comparison device travelled along a
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member made of non-ferromagnetic material, namely brass.
On testing, it was found that use of a ferromagnetic member
resulted in a ten-fold increase in the distance moved by the
device as a result of a single actuation.

[0090] Tests showed that a locomotion system of the type
described above in relation to the first embodiment provided
in an endoscope capsule enabled the capsule to move with
amean speed of 1.78 cm/s using a supply voltage of 4V. This
is sufficient to enable therapeutically useful movement of the
capsule endoscope inside the body during a medical proce-
dure. Similar efficacy of a capsule comprising the locomo-
tion system of the second embodiment can be achieved,
given the common principles applied in both embodiments.
[0091] Turning now to FIG. 6a, this FIG. 6a depicts an
example voltage waveform that can be provided to the coil
windings 112, 412 to achieve the above-described rotor
motion.

[0092] A first positive pulse is provided to accelerate the
rotor 300, 500 towards the impact surface. This is the pulse
provided between t=0 and t=t, of FIG. 5. Once the rotor 300,
500 strikes the impact surface, a second negative pulse of
smaller magnitude is provided to retract the rotor 300, 500.
This is the pulse provided between t=t, and t=t, of FIG. 5.
[0093] Once the rotor 300, 500 is fully retracted, another
positive pulse is provided to again accelerate the rotor 300,
500 to strike the impact surface, as described above. This
process is repeated as many times as desired until the device
has been moved to the desired location.

[0094] In an alternative arrangement, only positive pulses
can be provided and the rotor 300, 500 can be returned to its
starting position by other means. For example, the system
can comprise a returning element configured to repel the
rotor 300, 500 from the impact surface. Examples of return-
ing elements include springs or spring-like elastic compo-
nents and magnets configured to repel the rotor 300, 500.

[0095] Where a returning element is provided, there can be
no need for a negative reverse current to be provided to the
rotor 300, 500. In this case, only positive pulses need to be
provided and so a waveform of the type shown in FIG. 65
can be used.

[0096] The above detailed description describes a variety
of example arrangements of and methods of using a loco-
motion system for a medical device. However, the described
arrangements and methods are merely examples, and it will
be appreciated by a person skilled in the art that various
modifications can be made without departing from the scope
of the appended claims. Some of these modifications will
now be briefly described, however this list of modifications
is not to be considered as exhaustive, and other modifica-
tions will be apparent to a person skilled in the art.

[0097] As described above, the locomotion system can
comprise a housing and the rotor can be configured to strike
the housing to impart motion to the device. However, this is
optional and the rotor can strike any suitable surface of the
locomotion system or medical device. In other words, the
rotor can transfer momentum directly or indirectly to the
medical device as a whole. The locomotion system housing
described above is optional.

[0098] The arrangement of the magnet(s) of the locomo-
tion system is also entirely optional. All that is required is
that the magnet(s) are positioned such that they impart a
repelling force on the rotor coils when a current is passed
through the coils. The precise number, shape, size, orienta-
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tion or position of the magnets can be altered depending on
the desired functionality and design limitations.

[0099] The ferromagnetic member of the first embodiment
can be provided in any suitable location within the system.
A central location, with the magnets provided circumferen-
tially around, is typically advantageous as this results in the
most optimum channelling effect on the magnetic flux.
However, this position is not essential and other positions
can also provide a suitable channelling effect.

[0100] The rotor of the first embodiment may or may not
be in sliding contact with the housing or the magnets as it
travels along the ferromagnetic member. It is generally
advantageous that the rotor is not in sliding contact with the
housing or magnets as it moves, so as to avoid frictional
forces from these components acting to slow the rotor down.
However, in some arrangements some contact between the
rotor and the magnets and/or housing can occur.

[0101] In the above description of the first embodiment,
the rotor slides along the ferromagnetic member. This is
optional, and there can be no direct contact between the rotor
and ferromagnetic member. In the described arrangements
of the first embodiment, the rotor also surrounds the ferro-
magnetic member. This is advantageous and results in the
rotor benefitting maximally from the flux channelling effect
of the ferromagnetic member. However, this arrangement is
also optional and the rotor can not surround the ferromag-
netic member in some arrangements. For example, the rotor
can sit on or be provided above/below the ferromagnetic
member.

[0102] In the described arrangement of the first embodi-
ment, the ferromagnetic member, rotor coils, and magnets
are provided circumferentially around one another in con-
centric rings. This is advantageous because it improves the
channelling effect which the ferromagnetic member has on
the magnetic flux through the rotor coils. However, this
arrangement is optional and alternate arrangements can be
used.

[0103] The example materials described in relation to
components of the above embodiments are in all cases
optional.

[0104] Motion of the rotor in both embodiments can be
controlled by any suitable remote means, for example by a
controller sending a Bluetooth signal to a corresponding
control module provided in the medical device.

[0105] The above description has focused on providing the
disclosed locomotion system in an endoscopic capsule.
However, this is merely an example and the locomotion
system can be provided in any suitable medical device.
Other example suitable devices include radio-opaque pellets
used for diagnosis.

[0106] The locomotion system can be used in medical
devices for use in both humans and non-human animals.
[0107] The locomotion system disclosed can be used
throughout the device’s passage through the body or can be
switched on at opportune moments when needed. That is, the
locomotion provided can be used instead of or in addition to
the natural passage of the device through the body.

[0108] The medical device can be configured to comprise
other components as well as the locomotion device, for
example an imaging means or a vibration mechanism.
[0109] While various specific combinations of compo-
nents and method steps have been described, these are
merely examples. Components and method steps can be
combined in any suitable arrangement or combination.
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Components and method steps can also be omitted to leave
any suitable combination of components or method steps. In
particular, except for those elements which must be neces-
sarily different to achieve the desired functionality, the
features of the first and second embodiments described
above can be combined freely. Where corresponding prin-
ciples apply, descriptions of benefits and functionality
described with respect to the first embodiment apply to the
second embodiment and vice versa.

[0110] Throughout the discussion of the disclosed
embodiments, various relative direction terms such as “left”
and “right” have been used. These are to be understood as
entirely non-limiting and are provided merely to aid under-
standing. It will be appreciated that the disclosed device can
be used in any orientation, and component parts can move
in any suitable direction relative to one another.

[0111] The singular terms “a” and “an” should not be
taken to mean “one and only one”. Rather, they should be
taken to mean “at least one” or “one or more” unless stated
otherwise. The word “comprising” and its derivatives
including “comprises” and “comprise” include each of the
stated features, but does not exclude the inclusion of one or
more further features.

[0112] The above implementations have been described
by way of example only, and the described implementations
are to be considered in all respects only as illustrative and
not restrictive. It will be appreciated that variations of the
described implementations can be made without departing
from the scope of the disclosure. It will also be apparent that
there are many variations that have not been described, but
that fall within the scope of the appended claims.

[0113] Additional aspects and features of the present dis-
closure are set forth in the following numbered clauses.

1. A locomotion system for use in a medical device,
comprising:

at least one magnet;

a rotor comprising a plurality of coil windings; and

a ferromagnetic member;

wherein the rotor is configured, on application of a current

to the plurality of coil windings, to travel along the
ferromagnetic member and to impact on a surface.

2. The locomotion system of claim 1, further comprising
a housing.

3. The locomotion system of claim 2, wherein the surface
is a surface of the housing.

4. The locomotion system of claim 2, wherein the ferro-
magnetic member is located centrally within the housing.

5. The locomotion system of claim 2, wherein the rotor is
not in sliding contact with the housing as it travels along the
ferromagnetic member.

6. The locomotion system of claim 1, wherein the ferro-
magnetic member comprises a rod or rail, and wherein the
rotor is configured to slide along the rod or rail.

7. The locomotion system of claim 1, wherein the rotor
comprises a carriage around which is wound the plurality of
coil windings.

8. The locomotion system of claim 1, further comprising
a plurality of magnets, wherein the plurality of magnets are
arranged circumferentially around the rotor and ferromag-
netic member.

9. The locomotion system of claim 1, further comprising
a returning element configured to repel the rotor from the
surface.
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10. The locomotion system of claim 9, wherein the
returning element comprises a spring or an additional mag-
net.

11. The locomotion system of claim 1, wherein the
locomotion system is an endoscopic capsule.

12. A method of moving a medical device the with a
locomotion system comprising at least one magnet, a rotor
comprising a plurality of coil windings, and a ferromagnetic
member, wherein the rotor is configured, on application of
a current to the plurality of coil windings, to travel along the
ferromagnetic member and to impact on a surface, the
method comprising:

applying a first current to the plurality of coil windings to

cause the rotor to travel along the ferromagnetic mem-

ber in a first direction and impact on the surface,
wherein the rotor impacting on the surface generates

motion of the medical device in the first direction.

13. The method of claim 12, further comprising moving
the rotor in a second direction away from the surface.

14. The method of claim 13, wherein moving the rotor in
the second direction comprises applying a second current to
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the plurality of coil windings, said second current having an
opposite polarity to the first current such that application of
the second current causes the rotor to travel along the
ferromagnetic member in the second direction.

15. A method for the diagnosis of a disease or condition
in a subject using a medical device comprising a locomotion
system of including at least one magnet, a rotor comprising
a plurality of coil windings, and a ferromagnetic member;
wherein the rotor is configured, on application of a current
to the plurality of coil windings, to travel along the ferro-
magnetic member and to impact on a surface, the method
comprising:

generating images of the gastrointestinal tract of said
subject using an imaging means located in the medical
device when said medical device is located in the
gastrointestinal tract; and

analyzing said images to determine a presence or absence
of the disease or condition.
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