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Description

Field of the Invention

[0001] The present invention relates to a controller for
manoeuvring an interrogation plane relative to a refer-
ence surface. Forexample, the controller can manoeuvre
the interrogation plane through volumetric data relative
to the reference surface.

Background of the Invention

[0002] MRI(magnetic resonance imaging) or X-ray CT
(X-ray computerised tomography) can be used both to
provide sectional views of a body in real-time and to gen-
erate volumetric data (i.e. 3D data) corresponding to a
body for later interrogation. Often the volumetric data is
interrogated to provide displayable sectional views of the
body.

[0003] The sectional view can be generated anywhere
within the volumetric data. Indeed, some systems give
the user a sensation that the sectional view can be freely
moved (or "navigated") through the volumetric data.
However, navigating the sectional view through the vol-
umetric data can prove difficult and disorientating to a
user.

[0004] For example, in conventional MRI or CT sys-
tems, graphical user interface (GUI) interactions allow
the user to adjust one or more parameters of the sectional
view to navigate the sectional view through the volumetric
data. Conventional techniques of adjustment often em-
ploy mouse and GUI based methods for determining the
location of the image plane containing the sectional view.
Examples of techniques include: line drawing (Kerr AB
et al., Magn Reson Med 1997; 38; p.355-367); placing
points (Debbins JP et al., Magn Reson Med 1996; 36;
p.588-595); and selecting reference icons (Hardy CJ et
al., Magn Reson Med 1998; 40; p.105-111). However,
the need forthe userto manually adjust these parameters
often distracts attention from the displayed sectional view
of the volumetric data. This is undesirable when interro-
gating sectional views of MRl or CT generated volumetric
data of e.g. a human subject’s body, because abnormal-
ities in the subject’s anatomy can easily be overlooked.
[0005] In an attempt to overcome the need for the user
to divert attention away from the displayed sectional view
towards the one or more parameter adjustment GUIs,
specialized controllers have been proposed, which allow
the user generally to remain focussed on the output im-
age. Such controllers typically provide 6 degrees of free-
dom (DOF) ofimage plane control so that the correspond-
ing sectional view remains freely navigatable through the
volumetric data. Examples of the 6DOF controllers are
the "spaceball" (Hardy CJ, et al. Magn Reson Med 1998;
40; p.105-111), the 3DOF and 6DOF mice (Hardy CJ, et
al. Magn Reson Med 1998; 40; p.105-111) and the robotic
arm (Yi D, et al., Medical Image Computing and Compu-
ter-Assisted Intervention MICCAI 2004, vol. 3217, pp.
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430-437, 2004).

[0006] However, these controllers can rapidly disori-
entate the user because the image plane (in which the
displayed sectional view is generated) is freely movable
through the volumetric data. Consequently, a user may
have to re-orientate himself in the volumetric data by re-
starting the navigation of the image plane from a known
location in a known orientation.

[0007] It has been proposed that the relative position
of the freely movable image plane, in which the sectional
view is generated, should be mapped on the volumetric
data itself and displayed to the user, thereby providing
visual feedback to the user as to the relative position of
the image plane with respect to the volumetric data (Har-
dy CJ, et al. Magn Reson Med 1998; 40; p.105-111 and
Stainsby et al., PROC ISMRM 2004: 537). Such feed-
back is sometimes referred to as image plane tracking.
However, the visual feedback still requires the operator
to divert attention from the displayed sectional view(s) in
order to determine the location of the image plane with
respect to the volumetric data. This again creates user
distraction, which is undesirable.

[0008] The above discussion is mainly directed at the
interrogation of volumetric image data. However, the
problems associated with navigating volumetric image
data using the conventional methods and systems also
exist when interrogating a body in real-time, e.g. by MRI
or X-ray CT.

[0009] WO2008/084232 proposes a method of inter-
rogating volumetric data including the steps of: (i) defin-
ing a reference surface relative to the volumetric data;
(i) providing an interrogation window lying in a movable
interrogation plane intersecting the reference surface
and the interrogation window intersecting the volumetric
data, wherein translation and/or rotation of the interroga-
tion plane provides a corresponding movement of the
interrogation window; (iii) the interrogation plane being
associated with a pole about which pole said interroga-
tion plane is rotatable, and for each movement of the
interrogation plane, determining the point of intersection
of the pole and the reference surface, determining the
relative angle of rotation of the interrogation plane about
the pole and determining the angle of inclination of the
pole to the reference surface; and (iv) on the basis of the
determinations in step (iii), providing a sectional image
through the volumetric data corresponding to the position
of the interrogation window within the volumetric data.
W02008/084232 also proposes a corresponding method
of controlling an imaging apparatus to acquire a sectional
image of a body.

[0010] The approach of WO2008/084232 is based on
an appreciation that that the different diagnostic field of
real-time 2D ultrasound scanning has important features
lacking in conventional computer implemented data in-
terrogation methods and control systems. Thus, in real-
time 2D ultrasound scanning, a sectional view of an ap-
propriate subject can be generated and the image plane
(containing the sectional view) can be moved freely
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through the body. However, here the sonographer uses
a combination of their knowledge of the subject’s internal
anatomy and of tactile and spatial cues from the hand
manipulating the ultrasound transducer to move the im-
age plane in a controllable, predictable and "automatic"
or intuitive way. The sonographer can therefore focus on
the sectional view of the subject provided on a display.
It is not necessary to use other means, such as
mouse/controller/GUIs, in order to establish where the
image plane is located in the subject, i.e. image plane
tracking feedback is not required. Further discussion of
the approach is provided in Graves MJ, et al., Radiology
2009; 252; p.218-224.

[0011] WO2008/084232 and Graves MJ, et al., Radi-
ology 2009; 252; p.218-224 propose prototype control-
lers for manoeuvring the interrogation plane with respect
to the reference surface. However, these controllers are
bulky and/or relatively complicated which may hinder
their widespread uptake and consequently the adoption
of the methods of WO2008/084232.

[0012] US 2005/0177054 proposes a device with input
and output capability for manipulating real and virtual ob-
jects in the 3-dimensional space. The device consists of
a six degrees-of-freedom mechanical armature that has
sensors to determine the location and orientation of a
stylus and planar surface.

Summary of the Invention

[0013] Accordingly, the present invention aims to pro-
vide an alternative controller for use in the methods of
W02008/084232, the controller overcoming or avoiding
problems associated with known controllers.

[0014] Thus, in afirst aspect the present invention pro-
vides a controller according to claim 1.

[0015] Advantageously, the controller can provide ab-
solute positioning (both translational and angular) of the
handle relative to the base and user surface, and hence
of the interrogation plane relative to the reference sur-
face. The controller can also be made simple, compact,
accurate and robust.

[0016] The controller may have any one, or to the ex-
tent that they are compatible, any combination of the fol-
lowing optional features.

[0017] Typically, the interrogation plane only has
5DOF with respect to the reference surface such that the
interrogation plane is not controllable to translate in a
direction normal to the point of intersection of the pole
and reference surface, e.g. normal to the reference sur-
face. Preferably, the interrogation plane only has 4DOFs
with respect to the reference surface, i.e. two degrees of
translational freedom across the reference surface, and
two degrees of rotational freedom.

[0018] Conveniently, the user surface is planar. For
example, it can be a desk or table top.

[0019] The handle has only two translational DOFs. In
this way, the user can avoid being disorientated, as the
interrogation plane is not freely movable through volu-
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metric data. The constraint can provide an experience
for the user similar to that of performing real-time 2D ul-
trasound scanning.

[0020] Typically, the handle has only two rotational
DOFs, i.e. rotation about the rotation axis and tilt about
the tilt axis.

[0021] Preferably, the tilt axis is parallel to the user
surface. Preferably the tilt axis is rotated by rotation of
the handle about the rotation axis. The tilt axis may thus
correspond to the line of intersection of the reference
surface and the interrogation plane. Tilting about the tilt
axis may provide a corresponding change in the angle
of inclination of the pole relative to the reference surface.
[0022] Preferably the rotation axis is perpendicular to
the user surface. The rotation axis may thus correspond
to the pole only when the pole is perpendicular to the
reference surface. Nonetheless, any angular position of
the interrogation plane relative to the reference surface
can be arrived at by a combination of a rotation of the
interrogation plane about the pole when the pole is per-
pendicular to the reference surface followed by an incli-
nation of the pole about the line of intersection of the
interrogation plane and the reference surface. Thus ro-
tation of the handle about the rotation axis can provide
corresponding angular movement of the interrogation
plane relative to the reference surface. Further, the rota-
tion of the handle can be encoded as a corresponding
rotation of the interrogation plane about the pole when
angular position of the interrogation plane relative to the
reference surface is defined as rotation of the interroga-
tion plane about the pole when the pole is perpendicular
to the reference surface followed by inclination of the pole
about the line of intersection of the interrogation plane
and the reference surface.

[0023] Preferably the arm has a hingeable joint at the
connection with the base and has a further hingeable
joint at a position between the connection with the base
and the connection with the handle.

[0024] The arm may have an arm support pad at the
further hingeable joint, the arm support pad supporting
the arm on the user surface. The, or each, support pad
can be formed of PTFE pad for low wear and low sliding
resistance on the user surface.

[0025] The handle can rotate about the rotation axis at
the connection with the arm. The handle can tilt about
the tilt axis at the connection with the arm. This allows a
compact controller to be achieved.

[0026] Conveniently, the position sensors may detect
the hinge angles of the hingeable joints, the translation
of the handle relative to the base on the user surface
being determined from the hinge angles. That is, the po-
sition sensors can provide an indirect measure of the
handle translation from the hinge angles, some process-
ing of the hinge angles being required to arrive at the
handle translation.

[0027] A second aspect of the invention provides a
method of manoeuvring an interrogation plane relative
to a reference surface, the interrogation plane intersect-
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ing the reference surface and being associated with a
pole about which the interrogation plane is rotatable, the
pole having an adjustable angle of inclination relative to
the reference surface, the method comprising:

positioning a controller according to the first aspect
on a user surface such that the handle rests on the
user surface, and

translating the handle relative to the base across the
user surface, rotating the handle about the rotation
axis, and/or tilting the handle about the tilt axis in
order to translate the interrogation plane relative to
the reference surface, and/or angularly move the in-
terrogation plane relative to the reference surface.

[0028] A third aspect of the invention provides a com-
puter system for interrogating volumetric data, the com-
puter system having one or more processors configured
to perform the steps of:

(i) defining a reference surface relative to the volu-
metric data,

(i) providing an interrogation window lying in a mov-
able interrogation plane intersecting the reference
surface and the interrogation window intersecting
the volumetric data, wherein translation and/or rota-
tion of the interrogation plane provides a correspond-
ing movement of the interrogation window,

(iii) determining the point of intersection of a pole and
said reference surface, said interrogation plane be-
ing associated with and rotatable about said pole,
and for each movement of the interrogation plane,
determining a relative angle of rotation of said inter-
rogation plane about said pole and determining the
angle of inclination of said pole to said reference sur-
face, and

(iv) on the basis of said determinations in step (iii),
providing a sectional image through the volumetric
data corresponding to the relative position and ori-
entation of the interrogation window within the volu-
metric data;

wherein the computer system further has a controller ac-
cording to the first aspect for manoeuvring in use said
interrogation plane with respect to the reference surface.
[0029] A fourth aspect of the invention provides a com-
puter system for controlling an imaging system to provide
a sectional image of a body, the computer system having
one or more processors configured to perform the steps
of:

(i) defining a reference surface corresponding to a
control surface having a pre-determined relationship
with the body, with respect to which control surface
a sectional image through a particular portion of the
body is generatable by the imaging system,

(i) providing an interrogation window lying in a mov-
able interrogation plane intersecting the reference
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surface, wherein translation and/or rotation of the
interrogation plane provides a corresponding move-
ment of the interrogation window,

(iif) determining the point of intersection of a pole and
said reference surface, said interrogation plane be-
ing associated with and rotatable about said pole,
and for each movement of the interrogation plane,
determining a relative angle of rotation of said inter-
rogation plane about said pole and determining the
angle of inclination of said pole to said reference sur-
face, and

(iv) on the basis of said pre-determined relationship
and said determinations in step (iii), providing a sec-
tional image through the body, the sectional image
corresponding to the relative position and orientation
of the interrogation window to the reference surface;

wherein the computer system further has a controller ac-
cording to the first aspect for manoeuvring in use said
interrogation plane with respect to the reference surface.
[0030] In the third and fourth aspects, the determina-
tion of a relative angle of rotation of said interrogation
plane about said pole is typically performed with the pole
perpendicular to the reference surface. Determining the
angle of inclination of said pole to said reference surface
is typically then performed as a subsequent step.
[0031] The computer system of the third or fourth as-
pect may further include a visual display for displaying
the sectional image.

Brief Description of the Drawings

[0032] Embodiments of the invention will now be de-
scribed by way of example with reference to the accom-
panying drawings in which:

Figure 1 shows a side view of a controller according
to the present invention;

Figure 2 shows an end view of the controller of Figure
1;

Figure 3 shows a top view ofthe controller of Figure 1;

Figure 4 shows a left perspective of the controller of
Figure 1;

Figure 5 shows a right perspective of the controller
of Figure 1; and

Figures 6(a) and (b) show just the handle of the con-
troller of Figure 1.

Detailed Description

[0033] A computer can be used to generate sectional
images (e.g. on a visual display unit) of volumetric data,
e.g. acquired by or generated as a result of MRI or X-ray
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CT, to allow a user to interrogate the volumetric data.
Using the approach of W02008/084232, the plane in
which the sectional image lies intersects a pre-deter-
mined reference surface. The reference surface may lie
proximate to the volumetric data, or it may lie in the vol-
umetric data. The reference surface is preferably planar,
but it could be a curved surface, e.g. a spherically or
cylindrically curved surface.

[0034] The computer provides an image (or interroga-
tion) window which lies in an interrogation plane. When
the interrogation window at least partly lies within the
volumetric data, the computer may provide a sectional
image through the volumetric data corresponding to the
interrogation window’s position within the volumetric da-
ta.

[0035] The interrogation plane is preferably movable
with respect both to the volumetric data and to the refer-
ence surface, although the interrogation plane is required
to intersect the reference plane (it is also conceivable
that the interrogation plane could lie completely within
the reference surface, e.g. where the reference surface
is planar, and so it is intended that by intersect, coexist-
ence is also meant). Movement of the interrogation plane
produces a corresponding movement of the interrogation
window.

[0036] A pole may intersect or extend parallel to the
interrogation plane, but it preferably lies in the interroga-
tion plane. The interrogation plane, and therefore the in-
terrogation window is rotatable about the pole to provide
different sectional images of the volumetric data. The
pole (and therefore the interrogation plane and window)
is tiltable with respect to the reference surface thereby
varying the angle between the pole and the reference
surface to provide different sectional images of the vol-
umetric data. Indeed, the point of intersection of the pole
and the reference surface is translatable across the ref-
erence surface (and therefore the interrogation plane and
window are translatable with respect to the reference sur-
face) to provide different sectional images of the volu-
metric data.

[0037] For each movement of the interrogation plane,
e.g. by a user controlling the interrogation plane to move,
the computer determines the new position of the interro-
gation window and therefore can provide a new sectional
image through the volumetric data, corresponding to the
position of the interrogation window in the volumetric da-
ta.

[0038] Thereference surface is in a predetermined po-
sition relative to the volumetric data, and the interrogation
plane intersects the reference surface. So, the position
of the interrogation plane relative to the volumetric data
can be determined by the arrangement of the interroga-
tion plane and the reference surface. Therefore, the ex-
tent of rotation of the interrogation plane about the pole
is determined, the point of intersection of the reference
surface and the pole is determined and the angle of in-
clination of the pole to the reference surface is deter-
mined, thereby determining the mutual arrangement of
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the interrogation plane and the reference surface. Once
this arrangement is determined the computer can gen-
erate a new sectional image for display on e.g. a visual
display unit.

[0039] Even if the reference surface is movable with
respect to the volumetric data, the computer can deter-
mine the (changing) relationship between the reference
surface and the volumetric data and determine the posi-
tion of the interrogation window accordingly and therefore
determine the position of the interrogation window with
respect to the volumetric data and generate a sectional
image of the volumetric data if appropriate. However, the
interrogation plane may only have 5DOF with respect to
the reference surface such that the interrogation plane
is not controllable to translate in a direction normal to the
point of intersection of the pole and reference surface,
e.g. normal to the reference surface. Preferably, the in-
terrogation plane only has 4DOFs with respect to the
reference surface, i.e. two degrees of translational free-
dom across the reference surface, and two degrees of
rotational freedom.

[0040] Whilst the above description is directed to the
interrogation of volumetric data, e.g. volumetric image
dataacquired by MRl or X-ray CT of a body, the approach
of W02008/084232 is also suitable for real-time MRI.
[0041] For example, a computer may implement a
method according to the approach of W02008/084232
to control an imaging system to generate sectional im-
ages of a body. Under the control of a computer, the
imaging system may be capable of generating a sectional
image arbitrarily through the body, with respect to a con-
trol surface (e.g. acting as a reference frame) which has
a pre-determined relationship with the body. The com-
puter may define a reference surface corresponding to
the control surface and it may define an interrogation
plane and window as above, thereby providing the user
with the advantages outlined above.

[0042] Inresponse to a movement of the interrogation
window relative to the reference surface e.g. by a user,
the imaging system may generate a sectional image of
the body in a portion of the body relative to the control
surface corresponding to the position and orientation of
the interrogation window relative to the reference sur-
face.

[0043] Figures 1to 5 show respectively side, end, top,
left perspective and right perspective views of a control-
ler, according to the present invention, for manoeuvring
the interrogation plane with respect to the reference sur-
face. The controller provides equivalents of the interro-
gation plane and reference surface generated by the
computer (albeit scaled up or down in size as desired).
The block arrows in Figures 3 and 4 indicate the motions
allowed by the handle.

[0044] The controller includes a base 10, a handle 12
and an arm 14 extending from a hinged joint connection
16 with the base to an end connection 18 with the handle.
The arm has a further hinged joint 20 midway between
the connections 16, 18. Hinged joint 16 allows about
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150°0of rotation about its hinge axis, and hinged joint 20
allows about 170° of rotation about its hinge axis. Artic-
ulation of the hinged joints thus allows the handle to be
translated over a user surface, such as a table or desk
top, on which the controller is positioned. However, the
construction of the hinged joints prevents the handle from
being translated in directions which are not parallel with
the plane of the user surface. The midway hinged joint
has a PTFE pad 22 which supports the arm on the user
surface while providing low resistance to sliding. Like-
wise, the end connection has a PTFE pad 24 which sup-
ports the handle on the user surface while providing low
resistance to sliding.

[0045] The end connection 18 has a rotation joint 26
which provides about 445° of rotation of the handle 12
about a normal 30 to the user surface through the centre
of the end connection. In this way, irrespective of handle
translation position, about 270° useful rotation of the han-
dle is always available to the user. The end connection
also has a tilt joint 32 which provides =90° of tilt of the
handle about a tilt axis 34 extending parallel to the user
surface, the tilt axis being rotated with the handle about
the normal. Thus, with respect to the end connection, the
handle only has 2DOF, namely rotation about the normal
and tilt about the tilt axis.

[0046] Each hinged joint 16, 20 has an angle encoder
which measures the hinge angle of the joint. The signals
from these encoders are sent to the base 10 and to a
connector 38, such as a universal serial bus, at the rear
of the base. Some processing of the signals may be per-
formed before the signals arrive at the connector. From
here the signals can be sent to the computer and con-
verted into a translation of the handle 12 relative to the
base on the user surface. This in turn corresponds to a
translation of the interrogation plane relative to the ref-
erence surface.

[0047] Although the handle 12 is constrained to trans-
late across the user surface, it is helpful to conceive of
the controller as providing a constraint surface for trans-
lation of the handle which is parallel to the user surface
and contains the tilt axis 34. The constraint surface, which
is thus offset from the user surface, corresponds to the
reference surface.

[0048] The handle 12is essentially planar (i.e. it is wid-
er and longer than it is thick), the position of the plane of
the handle in relation to the constraint surface corre-
sponding to the position of the interrogation plane in re-
lation to the reference surface. The handle alone is shown
in Figure 6(a) in relation to the pole 36 of the interrogation
plane 48, and in Figure 6(b) in relation to the line of in-
tersection 40 of the interrogation plane with the reference
surface 50, the pole being inclinable to the reference sur-
face about the line of intersection.

[0049] Thelineofintersection 40 always coincides with
the axis 34 of the tilt joint 32. Further, the tilt angle of the
tilt joint is the same as the angle of inclination of the pole
36 relative to the reference surface 50. In contrast, the
pole 36 only coincides with the axis 30 of the rotation
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joint 26 when the handle is in its upright position (i.e. zero
tilt), as shownin Figure 6(a). Nonetheless, for any rotation
of the handle about the rotation joint, the corresponding
angular movement of the interrogation plane 48 relative
to the user surface can be determined from the angular
positions of the tilt joint and the rotation joint.

[0050] The rotation joint 26 and the tilt joint 32 have
respective angle encoders which measure the rotation
and tilt angles of the joints. The signals from these en-
coders are sent down the arm 14 to the connector 38
(with optional processing before arriving at the connec-
tor), and thence to the computer. Here they are converted
into a rotation of the interrogation plane 48 about the pole
36 when the pole is perpendicular to the reference sur-
face 50 followed by an inclination of the interrogation
plane relative to the reference surface. This combination
of angular movements angularly positions the interroga-
tion plane relative to the reference surface in correspond-
ence with the angular position of the handle relative to
the constraint surface.

[0051] The combination of the rotation joint 26 and the
tilt joint 32 thus permits the user to arrange the plane of
the handle 12 at any oblique angle to (or to be perpen-
dicular to) the constraint surface. Further, as discussed
above, translating the handle 12 over the constraint sur-
face produces a corresponding translation of the interro-
gation plane 48 over the reference surface 50. For any
position of the handle, the computer can therefore deter-
mine a corresponding arrangement of the interrogation
plane and the reference surface, in order to be able to
display a sectional image corresponding to the position
of the interrogation window within the interrogation plane.
When the handle and hence the interrogation plane
move, the display is updated to show the sectional image
corresponding to the next position of the interrogation
window.

[0052] Constraining the movement of the handle 12 to
the two translational DOFs (provided by hinged joints 16,
20) and the two rotational DOFs (provided by the rotation
axis 30 and the tilt axis 34) provides an experience to the
user of moving the interrogation plane 48 through volu-
metric data over the reference surface 50 which is akin
to the performance of real-time 2D ultrasound scanning
where the ultrasound scanner is moved over a external
surface of the subject. Manoeuvring the interrogation
plane can thus become intuitive, allowing the user to fo-
cus on the display in the interrogation window rather than
on moving the interrogation plane. In this way the con-
troller facilitates the rapid location of complex oblique
planes in previously acquired volumetric data sets (ob-
tained by e.g. 3D MRI, multiple contiguous slice 2D MR,
or multi-detector helical X-ray CT) corresponding to the
mutual arrangement of the handle and the constraint sur-
face. A user wishing to interrogate volumetric image data
can easily navigate the interrogation plane through the
data without becoming disorientated.

[0053] The controller can also be interfaced to an MRI
system whereby the controller provides the geometry co-
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ordinates for the interrogation window in such a way that
the MRI system obtains a 2D image at the corresponding
location within the magnet bore in which a subject is po-
sitioned. By using fast acquisition methods such as bal-
anced or spoiled gradient echo sequences, for example,
real-time MRI is possible and the controller permits the
interactive positioning of the interrogation window within
the subject to acquire a sectional image.

[0054] The articulated arm 14 of the controller provides
smooth movement of the handle 12, while also facilitating
a convenient and accurate means of measuring absolute
translational position and angular orientation via the an-
gle encoders. The controller is also robust, stable and
relatively compact.

[0055] To enhance ergonomics, the handle 12 has a
thumb depression 40 on one face and recesses 42 at
opposing sides for improved grip. The base 10 also has
a recess 44 for docking the end connection 18 when the
controller is not in use. A switch 46, which resets the
translational position of the handle 12, is located in the
recess and is activated when the end connection is
docked. The base 10 is relatively massive to prevent the
base sliding on the user surface during use of the con-
troller.

[0056] While the invention has been described in con-
junction with the exemplary embodiments described
above, many equivalent modifications and variations will
be apparent to those skilled in the art when given this
disclosure. Accordingly, the exemplary embodiments of
the invention set forth above are considered to be illus-
trative and not limiting.

Claims

1. A controller for manoeuvring an interrogation plane
relative to a reference surface, the interrogation
plane intersecting the reference surface and being
associated with a pole about which the interrogation
plane is rotatable, the pole having an adjustable an-
gle of inclination relative to the reference surface,
the controller having:

a base (10),

a handle (12),

an arm (14) extending from a connection (16)
with the base to a connection (18) with the han-
dle, the arm having hingeable joints (16, 20)
which hinge to allow the handle to be translated
relative to the base in arbitrary directions across
a user surface, and

position sensors which measure the translation
of the handle relative to the base on the user
surface, the translation providing a correspond-
ing translation of the interrogation plane relative
to the reference surface;

wherein the handle is rotatable about a rotation
axis (30) and is tiltable about a tilt axis (34) to
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allow the handle to be angularly moved relative
to the user surface, the controller further having
angle sensors which respectively detect the ro-
tation about the rotation axis and the tilt about
the tilt axis, and the rotation about the rotation
axis and the tilting about the tilt axis providing
angular movement of the interrogation plane rel-
ative to the reference surface corresponding to
the angular movement of the handle relative to
the user surface;

characterised in that:

the arm is configured such that the handle
is constrained to translate relative to the
base only across the user surface; and

the arm has a support pad (24) at the con-
nection with the handle, the support pad
supporting the handle on the user surface.

A controller according to claim 1, wherein the handle
has rotational degrees of freedom only through ro-
tation about the rotation axis and tilt about the tilt axis.

A controller according to any one of the previous
claims, wherein the tilt axis is parallel to the user
surface.

A controller according to any one of the previous
claims, wherein the tilt axis is rotated by rotation of
the handle about the rotation axis.

A controller according to any one of the previous
claims, wherein the rotation axis is perpendicular to
the user surface.

A controller according to any one of the previous
claims, wherein the arm has a hingeable joint at the
connection with the base and has a further hingeable
joint at a position between the connection with the
base and the connection with the handle.

A controller according to claim 6, wherein the arm
has an arm support pad (22) at the further hingeable
joint, the arm support pad supporting the arm on the
user surface.

A controller according to any one of the previous
claims, wherein the handle rotates about the rotation
axis at the connection with the arm.

A controller according to any one of the previous
claims, wherein the handle tilts about the tilt axis at
the connection with the arm.

A computer controller according to any one of the
previous claims, wherein the position sensors meas-
ure the hinge angles of the hingeable joints, the
translation of the handle relative to the base on the
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user surface being determined from the hinge an-
gles.

A method of manoeuvring an interrogation plane rel-
ative to a reference surface, the interrogation plane
intersecting the reference surface and being asso-
ciated with a pole about which the interrogation plane
is rotatable, the pole having an adjustable angle of
inclination relative to the reference surface, the
method comprising:

positioning a controller according to any one of
the previous claims on a user surface such that
the handle rests on the user surface, and
translating the handle relative to the base across
the user surface, rotating the handle about the
rotation axis, and/or and tilting the handle about
the tilt axis in order to respectively translate the
interrogation plane relative to the reference sur-
face, and/or angularly move the interrogation
plane relative to the reference surface.

A computer system for interrogating volumetric data,
the computer system having one or more processors
configured to perform the steps of:

(i) defining a reference surface relative to the
volumetric data,

(i) providing an interrogation window lying in a
movable interrogation plane intersecting the ref-
erence surface and the interrogation window in-
tersecting the volumetric data, wherein transla-
tion and/or rotation of the interrogation plane
provides a corresponding movement of the in-
terrogation window,

(iii) determining the point of intersection of a pole
and said reference surface, said interrogation
plane being associated with and rotatable about
said pole, and for each movement of the inter-
rogation plane, determining a relative angle of
rotation of said interrogation plane about said
pole and determining the angle of inclination of
said pole to said reference surface, and

(iv) on the basis of said determinations in step
(iii), providing a sectional image through the vol-
umetric data corresponding to the relative posi-
tion and orientation of the interrogation window
within the volumetric data;

wherein the computer system further has a controller
according to any one of claims 1 to 10 for manoeu-
vring in use said interrogation plane with respect to
the reference surface.

A computer system for controlling animaging system
to provide a sectional image of a body, the computer
system having one or more processors configured
to perform the steps of:
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(i) defining a reference surface corresponding
to a control surface having a pre-determined re-
lationship with the body, with respect to which
control surface a sectional image through a par-
ticular portion of the body is generatable by the
imaging system,

(i) providing an interrogation window lying in a
movable interrogation plane intersecting the ref-
erence surface, wherein translation and/or rota-
tion of the interrogation plane provides a corre-
sponding movement of the interrogation win-
dow,

(iii) determining the point of intersection of a pole
and said reference surface, said interrogation
plane being associated with and rotatable about
said pole, and for each movement of the inter-
rogation plane, determining a relative angle of
rotation of said interrogation plane about said
pole and determining the angle of inclination of
said pole to said reference surface, and

(iv) on the basis of said pre-determined relation-
ship and said determinations in step (iii), provid-
ing a sectional image through the body, the sec-
tional image corresponding to the relative posi-
tion and orientation of the interrogation window
to the reference surface;

wherein the computer system further has a controller
according to any one of claims 1 to 10 for manoeu-
vring in use said interrogation plane with respect to
the reference surface.

A computer system for implementing the method ac-
cording to claim 12 or 13, the computer system fur-
ther including:

a visual display for displaying said sectional im-
age.

Patentanspriiche

1.

Steuereinheitzum Mandvrieren einer Abfrageebene
relativ zu einer Referenzoberflache, wobei die Ab-
frageebene die Referenzoberflache schneidet und
einem Pol zugeordnet ist, um den herum die Abfra-
geebene rotierbar ist, wobei der Pol einen einstell-
baren Neigungswinkel relativ zur Referenzoberfla-
che aufweist, wobei die Steuereinheit Folgendes
umfasst:

eine Basis (10),

einen Griff (12),

einen Arm (14), der sich von einer Verbindung
(16) mit der Basis zu einer Verbindung (18) mit
dem Griff hin erstreckt, wobei der Arm Gelenks-
verbindungen (16, 20) aufweist, die schwen-
kend dem Griff ermdglichen, relativ zur Basis in
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willkiirliche Richtungen Uber eine Benutzero-
berflache versetzt zu werden, und
Positionssensoren, die das Versetzen des Grif-
fes relativ zur Basis auf der Benutzeroberflache
messen, wobei das Versetzen ein entsprechen-
des Versetzen der Abfrageebene relativ zur Re-
ferenzoberflache bereitstellt;

worin der Griff um eine Rotationsachse (30) ro-
tierbar und um eine Neigungsachse (34) neigbar
ist, um den Griff relativ zur Benutzeroberflache
winkelig zu verstellen, wobei die Steuereinheit
ferner Winkelsensoren aufweist, die jeweils die
Rotation um die Rotationsachse und die Nei-
gung um die Neigungsachse detektieren, und
wobei die Rotation um die Rotationsachse und
die Neigung um die Neigungsachse eine Win-
kelverstellung der Abfrageebene relativ zur Re-
ferenzoberflache bereitstellt, die der Winkelver-
stellung des Giriffs relativ zur Benutzeroberfla-
che entspricht;

dadurch gekennzeichnet, dass:

der Arm konfiguriertist, dass der Griff derart
eingeschrankt ist, um ausschlieBlich tGber
die Benutzeroberflaiche relativ zur Basis
versetzt zu werden; und

der Arm an der Verbindung mit dem Griff
eine Stutzauflage (24) umfasst, wobei die
Stltzauflage den Griff auf der Benutzero-
berflache abstiitzt.

Steuereinheit nach Anspruch 1, worin der Griff einen
Rotationsfreiheitsgrad nur durch die Rotation um die
Rotationsachse und die Neigung um die Neigungs-
achse aufweist.

Steuereinheit nach einem der vorhergehenden An-
spriiche, worin die Neigungsachse parallel zur Be-
nutzeroberflache ist.

Steuereinheit nach einem der vorhergehenden An-
spriiche, worin die Neigungsachse durch Rotation
des Griffs um die Rotationsachse rotierbar ist.

Steuereinheit nach einem der vorhergehenden An-
spriiche, worin die Rotationsachse senkrecht auf die
Benutzeroberflache ist.

Steuereinheit nach einem der vorhergehenden An-
spriiche, worin der Arm eine Gelenksverbindung an
der Verbindung mit der Basis und eine weitere Ge-
lenksverbindung in einer Position zwischen der Ver-
bindung mit der Basis und der Verbindung mit dem
Griff aufweist.

Steuereinheit nach Anspruch 6, worin der Arm ein
Armauflageelement (22) an der weiteren Gelenks-
verbindung aufweist, wobei das Armauflageelement
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12.

den Arm auf der Benutzeroberflache abstiitzt.

Steuereinheit nach einem der vorhergehenden An-
spriiche, worin der Griff an der Verbindung mit dem
Arm um die Rotationsachse rotiert.

Steuereinheit nach einem der vorhergehenden An-
spriiche, worin der Griff sich an der Verbindung mit
dem Arm um die Neigungsachse neigt.

Computersteuereinheit nach einem der vorherge-
henden Anspriiche, worin die Positionssensoren die
Schwenkwinkel der Gelenksverbindungen messen,
wobei das Versetzen des Griffs relativ zur Basis auf
der Benutzeroberflache anhand des Gelenks-
schwenkwinkels bestimmt wird.

Verfahren zum Mandvrieren einer Abfrageebene re-
lativ zu einer Referenzoberflache, wobei die Abfra-
geebene die Referenzoberflache schneidet und ei-
nem Pol zugeordnet ist, um den herum die Abfrage-
ebene rotierbarist, wobeider Pol einen einstellbaren
Neigungswinkel relativ zur Referenzoberflache auf-
weist, wobei das Verfahren Folgendes umfasst:

Positionieren einer Steuereinheit nach einem
der vorhergehenden Anspriiche auf einer Be-
nutzeroberflache, sodass der Griff auf der Be-
nutzeroberflache ruht, und

Versetzen des Giriffs relativ zur Basis Uber die
Benutzeroberflache, Rotieren des Griffs um die
Rotationsachse und/oder Neigen des Griffs um
die Neigungsachse, um jeweils die Abfrageebe-
ne relativ zur Referenzoberflache zu versetzen
und/oder die Abfrageebene relativ zur Referen-
zoberfache winkelig zu verstellen.

Computersystem zum Abfragen volumetrischer Da-
ten, wobei das Computersystem einen oder mehrere
Prozessoren aufweist, die konfiguriert sind, um fol-
gende Schritte auszufiihren:

i) Definieren eines Referenzoberflache relativ zu
den volumetrischen Daten,

ii) Bereitstellen eines Abfragefensters, das in ei-
ner bewegbaren Abfrageebene liegt, die die Re-
ferenzoberflache schneidet, wobeidas Abfrage-
fenster die volumetrischen Daten schneidet, wo-
rin das Versetzen und/oder Rotieren der Abfra-
geebene ein dazugehdériges Bewegen des Ab-
fragefensters bereitstellt,

iii) Bestimmen des Schnittpunkts zwischen ei-
nem Pol und der Referenzoberflache, wobei die
Abfrageebene dem Pol zugeordnet und um die-
sen herum rotierbar ist, und fiir jede Bewegung
der Abfrageebene Bestimmen eines relativen
Rotationswinkels der Abfrageebene um den Pol
und Bestimmen des Neigungswinkels des Pols
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um die Referenzoberflache, und

iv) basierend auf den Bestimmungen in Schritt
iii) Bereitstellen eines Querschnittsbildes durch
die volumetrischen Daten, die der relativen Po-
sition und Ausrichtung des Abfragefensters in
den volumetrischen Daten entspricht;

worin das Computersystem ferner eine Steuerein-
heit nach einem der Anspriiche 1 bis 10 zum Mané-
vrieren der Abfrageebene in Bezug auf die Referen-
zoberflache im Betrieb aufweist.

Computersystem zum Steuerin eines Bildgebungs-
systems zum Bereitstellen eines Querschnittsbildes
eines Kdrpers, wobei das Computersystem einen
oder mehrere Prozessoren aufweist, die konfiguriert
sind, um folgende Schritte auszufiihren:

i) Definieren einer Referenzoberflache entspre-
chend einer Steueroberflache, die eine vorbe-
stimmte Beziehung mit dem Korper aufweist,
wobei in Bezug auf die Steueroberflache ein
Querschnittsbild durch einen bestimmten Ab-
schnitt des Korpers durch das Bildgebungssys-
tem erzeugbar ist,

i) Bereitstellen eines Abfragefensters, dasin ei-
ner bewegbaren Abfrageebene liegt, die die Re-
ferenzoberflache schneidet, worin das Verset-
zen und/oder Rotieren der Abfrageebene ein
dazugehdriges Bewegen des Abfragefensters
bereitstellt,

iii) Bestimmen des Schnittpunkts zwischen ei-
nem Pol und der Referenzoberflache, wobei die
Abfrageebene dem Pol zugeordnet und um die-
sen herum rotierbar ist, und fur jede Bewegung
der Abfrageebene Bestimmen eines relativen
Rotationswinkels der Abfrageebene um den Pol
und Bestimmen des Neigungswinkels des Pols
um die Referenzoberflache, und

iv) basierend auf der vorbestimmten Beziehung
und den Bestimmungen in Schritt iii) Bereitstel-
len eines Querschnittsbildes durch den Korper,
wobei das Querschnittsbild der relativen Positi-
on und Ausrichtung des Abfragefensters in den
volumetrischen Daten entspricht;

worin das Computersystem ferner eine Steuerein-
heit nach einem der Anspriiche 1 bis 10 zum Mané-
vrieren der Abfrageebene in Bezug auf die Referen-
zoberflache im Betrieb aufweist.

Computersystem zum Umsetzen des Verfahrens
nach Anspruch 12 oder 13, wobei das Computersys-
tem ferner Folgendes umfasst:

visuelle Anzeige zum Anzeigen des Quer-
schnittsbildes.
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Revendications

Controéleur pour manoeuvrer un plan d’interrogation
par rapport a une surface de référence, le plan d’in-
terrogation croisant la surface de référence et étant
associé a un axe autour duquel le plan d’interroga-
tion peut tourner, I'axe ayant un angle d’inclinaison
ajustable par rapport a la surface de référence, le
contréleur comportant :

une base (10),

une poignée (12),

un bras (14) s’étendant d’une liaison (16) avec
la base a une liaison (18) avec la poignée, le
bras comportant des articulations (16, 20) qui
s’articulent de maniere a permettre une transla-
tion de la poignée par rapport a la base dans
des directions arbitraires a travers une surface
d’utilisateur, et

des capteurs de position qui mesurent la trans-
lation de la poignée par rapport a la base sur la
surface d'utilisateur, la translation réalisant une
translation correspondante du plan d’interroga-
tion par rapport a la surface de référence ;
dans lequel la poignée peut tourner autour d’'un
axe de rotation (30) et peut étre inclinée autour
d’'un axe d’inclinaison (34) pour permettre un dé-
placement angulaire de la poignée par rapport
a la surface d'utilisateur, le contréleur compor-
tant en outre des capteurs d’angle qui détectent
respectivement la rotation autour de I'axe de ro-
tation et I'inclinaison autour de I'axe d’inclinai-
son, et la rotation autour de I'axe de rotation et
I'inclinaison autour de I'axe d’inclinaison définis-
sant un déplacement angulaire du plan d’inter-
rogation par rapport a la surface de référence
correspondant au déplacement angulaire de la
poignée par rapport a la surface d’utilisateur ;
caractérisé en ce que :

le bras est configuré de sorte que la poignée
soit contrainte a se translater par rapport a
la base uniquement a travers la surface
d’utilisateur ; et

le bras comporte une plaque de support(24)
au niveau de la liaison avec la poignée, la
plaque de supportsupportant la poignée sur
la surface d'utilisateur.

Contréleur selon la revendication 1, dans lequel la
poignée a des degrés de liberté de rotation unique-
ment par une rotation autour de I'axe de rotation et
une inclinaison autour de I'axe d’inclinaison.

Contréleur selon l'une quelconque des revendica-
tions précédentes, dans lequel I'axe d’inclinaison est
parallele a la surface d’utilisateur.
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Contréleur selon 'une quelconque des revendica-
tions précédentes, dans lequel 'axe d’inclinaison est
tourné par la rotation de la poignée autour de I'axe
de rotation.

Contréleur selon 'une quelconque des revendica-
tions précédentes, dans lequel I'axe de rotation est
perpendiculaire a la surface d'utilisateur.

Contréleur selon 'une quelconque des revendica-
tions précédentes, dans lequel le bras a une articu-
lation au niveau de la liaison avec la base et a une
autre articulation a une position entre la liaison avec
la base et la liaison avec la poignée.

Controleur selon la revendication 6, dans lequel le
bras comporte une plaque de support de bras (22)
au niveau de l'autre articulation, la plaque de support
de bras supportantle bras sur la surface d'utilisateur.

Controleur selon 'une quelconque des revendica-
tions précédentes, dans lequel la poignée tourne
autour de I'axe de rotation au niveau de la liaison
avec le bras.

Contréleur selon 'une quelconque des revendica-
tions précédentes, dans lequel la poignée s'’incline
autour de I'axe d’inclinaison au niveau de la liaison
avec le bras.

Contréleur informatique selon I'une quelconque des
revendications précédentes, dans lequel les cap-
teurs de position mesurent les angles d’articulation
des articulations, latranslation de la poignée par rap-
port a la base sur la surface d’utilisateur étant déter-
minée a partir des angles d’articulation.

Procédé de manoeuvre d’un plan d’interrogation par
rapport a une surface de référence, le plan d’inter-
rogation croisant la surface de référence et étant as-
socié a un axe autour duquel le plan d’interrogation
peut tourner, 'axe ayant un angle d’inclinaison ajus-
table par rapport a la surface de référence, le pro-
cédé comprenant :

le positionnement d’un contréleur selon l'une
quelconque des revendications précédentes
sur une surface d'utilisateur de sorte que la poi-
gnée repose sur la surface d'utilisateur, et

la translation de la poignée par rapport a la base
a travers la surface d’utilisateur, la rotation de
la poignée autour de I'axe de rotation, et/ou I'in-
clinaison de la poignée autour de I'axe d'incli-
naison afin de, respectivement, translater le
plan d’interrogation par rapport a la surface de
référence et/ou déplacer angulairement le plan
d’interrogation par rapport a la surface de réfé-
rence.

10

15

20

25

30

35

40

45

50

55

1"

EP 2 531 106 B1

12.

13.

20

Systéme informatique pour interroger des données
volumétriques, le systéeme informatique comportant
un ou plusieurs processeurs configurés pour exécu-
ter les étapes :

(i) de définition d’'une surface de référence par
rapport aux données volumétriques,

(ii) de fourniture d’une fenétre d’interrogation se
trouvant dans un plan d’interrogation mobile
croisantla surface de référence etlafenétre d’in-
terrogation croisant les données volumétriques,
dans lequel la translation et/ou la rotation du
plan d’interrogation définissent un déplacement
correspondant de la fenétre d’interrogation,

(iii) de détermination du point d’intersection d’'un
axe et de ladite surface de référence, ledit plan
d’interrogation étant associé au dit axe et étant
capable de tourner autour de celui-ci, et, pour
chaque déplacement du plan d’interrogation, de
détermination d’un angle de rotation relatif dudit
plan d’interrogation autour dudit axe et de dé-
termination de I'angle d’inclinaison dudit axe par
rapport a ladite surface de référence, et

(iv) sur la base desdites déterminations de I'éta-
pe (iii), de fourniture d’'une image en coupe a
travers des données volumétriques correspon-
dant aux position et orientation relatives de la
fenétre d'interrogation dans les données
volumétriques ;

dans lequel le systéeme informatique comporte en
outre un contréleur selon l'une quelconque des re-
vendications 1 a 10 pour manoeuvrer en utilisation
ledit plan d’interrogation par rapport a la surface de
référence.

Systéme informatique pour commander un systéme
d’'imagerie pour fournir une image en coupe d’'un
corps, le systéme informatique comportant un ou
plusieurs processeurs configurés pour exécuter les
étapes :

(i) de définition d’'une surface de référence cor-
respondant a une surface de commande ayant
une relation prédéterminée avec le corps, enre-
lation avec laquelle surface de commande une
image en coupe a travers une partie particuliere
du corps peut étre générée par le systéeme
d’'imagerie,

(ii) de fourniture d’une fenétre d’interrogation se
trouvant dans un plan d’interrogation mobile
croisant la surface de référence, dans lequel la
translation et/ou la rotation du plan d’'interroga-
tion définissent un déplacement correspondant
de la fenétre d’interrogation,

(iii) de détermination du point d’intersection d’'un
axe et de ladite surface de référence, ledit plan
d’interrogation étant associé au dit axe et étant
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capable de tourner autour de celui-ci, et, pour
chaque déplacement du plan d’interrogation, de
détermination d’'un angle de rotation relatif dudit
plan d’interrogation autour dudit axe et de dé-
termination de I'angle d’inclinaison duditaxe par 5
rapport a ladite surface de référence, et

(iv) sur la base de ladite relation prédéterminée

et desdites déterminations de I'étape (iii), de
fourniture d’'une image en coupe a travers le
corps, 'image en coupe correspondant aux po- 70
sition et orientation relatives de la fenétre d’in-
terrogation par rapport a la surface de
référence ;

dans lequel le systéme informatique comporte en 15
outre un contréleur selon I'une quelconque des re-
vendications 1 a 10 pour manoeuvrer en utilisation
ledit plan d’'interrogation par rapport a la surface de

référence.
20

. Systéme informatique pour exécuter le procédé se-
lon la revendication 12 ou 13, le systéme informati-
que comprenant en outre :

un afficheur visuel pour afficher ladite image en 25
coupe.
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