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(57) Abstract: A method and system that generates a dot-based representation of at least one of the images or data sets of multiple
such images or data sets that are to be overlaid on top of each other is described. The dot based representation relates the number of
dots per resolution unit of the representation to the underlying image values or data set that they represent, in that the more dots
which are shown the higher the number (or vice versa). The primary advantage of the dot based representation technique is that its
meaning is easily understood by a viewer, and it provides a representation wherein the underlying image can be readily seen through
the dots, and hence overlaying two or more data sets on top of each other is more readily facilitated. Moreover, the generation of the
dots per resolution unit is deterministic, in that the number of dots is determined based on the underlying image or data set values.
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Method and System for Overlaying Images or Data

Technical Field

The present invention relates to a method and system for overlaying images or other image
type data. In particular, specific embodiments relate to overlaying two dimensional or three
dimensional image data or related image type or other data in registration, wherein at least
one of the data sets has been converted into a dot based representation. In this way, a first
image or data set can be viewed in an unmodified state, and the other(s) as dot based

representation(s) overlaid on the first image without significantly obscuring the first image.

Background of the Invention and Prior Art

Displaying one image representing a first data set overlaid onto another image representing a
second data set can be useful in many fields. For example, in the medical imaging field
images or data sets of parts of the human body can be obtained from many different
modalities and sources, whilst relating to the same region of the body. It is often useful to be
able to view the different images obtained from different imaging modalities of the same
anatomical part in registration, so as to try and glean information therefrom to improve
diagnosis or treatment. Figure 1, for example, adapted from Gupta S, Desjardins B, Baman T,
et al. Delayed-enhanced MR scar imaging and intraprocedural registration into an
electroanatomical mapping system in post-infarction patients. J] Am Coll Cardiol Img 2012; 5:
207-210, illustrates various imaging modalities of a patient’s heart, with the left most figure
representing an electro-anatomical voltage map of the heart obtained by point sampling the
voltages across the organ’s surface and interpolating between the points, whereas the central
figure shows scar tissue (shown as the lighter colour) obtained via magnetic resonance (MR)
imaging. The right most figure illustrates a combination of the left most and central figures,
where the figures have been overlaid in registration. However, as will be seen, in this case,
simply overlaying one visual data set on top of another visual data set in registration with
each other means that some of the underlying data set (in this case the electrical point
sampling image) is obscured by the scar image, and vice versa. This issue might be solved by
making at least one of the images translucent, but then further problems arise for users in

determining the proper colour of a part of an image. This problem particularly arises in



10

15

20

25

30

WO 2014/132080 PCT/GB2014/050603

systems where the displayed colour is used to convey information, such as in the left most

image of Figure 1.

The issue of overlaying images one on top of the other and processing at least one of the
images to allow the other image (or both images) to be more clearly seen has also been
encountered in other fields outside medical imaging. For example, in W02005/025219 a
videoconferencing system is described wherein video images representing the local image
and the remote image are overlaid on top of each other. In this case, one of the images has
been processed prior to being overlaid on top of the other, the processing involving, in some
embodiments, increasing the image opacity and smoothing the image to produce a “washed-
out” image, or in other embodiments using Laplacian edge detection operators to produce
edge based images. Whichever operation is involved, the purpose appears to be to
perceptually de-emphasise one of the images with respect to the other, such that when
overlaid on top of each other the processed image draws less attention than the non-processed
image. The object of the system is to allow multiple video images to be simultaneously

displayed on small screens, such as mobile phones.

However, neither of the above solutions permit two images or image type data sets to be
overlaid one on top of the other in registration with each other in a manner which allows the
viewer to reliably discern both images, and in particularly in a manner which allows the user
to discern properties inherent in the images, such as the values of measurements represented

by the images.

Summary of the Invention

The present invention addresses the above problem by providing a method and system that
generates a dot-based representation of at least one of the images or data sets of multiple such
images or data sets that are to be overlaid on top of each other. The dot based representation
relates the number of dots per resolution unit of the representation to the underlying image
values or data set that they represent. Thus, the greater the numbers of dots shown the higher
the underlying image value or data set number (or vice versa). The primary advantage of the
dot based representation technique is that its meaning is easily understood by a viewer, and it
provides a representation wherein the underlying image can be readily seen through the dots,

and hence overlaying two or more data sets on top of each other is more readily facilitated.
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Moreover, the generation of the dots per resolution unit is deterministic, in that the number of

dots is determined based on the underlying image or data set values.

In particular, in some embodiments the location of the dots represents the location of features
in the image that they represent, and, the screen density of the dots is related to the signal
intensity of the data. Therefore dot mapping overcomes the challenge of manual
segmentation by providing a direct mechanism to display the location, intensity and extent of
various types of data without manual operator input or the use of automatic segmentation
algorithms. In particular because only a fraction of the available screen space is used to
display the dots, it is possible to ‘see through’ the dots to the underlying (or overlying)
surfaces. Therefore these surfaces can be colour-coded in the traditional fashion in order to
represent a second data field. In this way dot mapping overcomes the traditional limitation of

only being able to display one data set at any one time.

In view of the above, from a first aspect there is provided a method for displaying a data set,
the method comprising: receiving at least one data set relating to spatially distributed features
or characteristics of an object or entity; generating a dot-based representation of the at least
one data set, the dot-based representation deterministically relating the number of dots per
area or volume to the underlying values of the at least one data set; and displaying the

generated dot-based representation.

In one embodiment, the display of the dot based representation is made in the context of at
least one other data set. Therefore, in such an embodiment the method further comprises
receiving one or more further data sets relating to spatially distributed features or
characteristics of the object or entity, wherein the displaying comprises displaying the dot-

based representation substantially in spatial registration with one or more further data sets.

In one embodiment the data set(s) is/are preferably any of a point-based data set, or pixel or

voxel-based data sets.

In one embodiment the at least one data set comprises point based data, wherein the
generating comprises: forming polygons or polyhedrons relating to said points; determining
respective values for the polygons or polyhedrons in dependence on the point values;

calculating a number of dots per polygon or polyhedron based on the determined respective
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values; and distributing the calculated numbers of dots across the polygons or polyhedrons.

Preferably, the polygons or polyhedrons are simplices

In another embodiment the at least one data set comprises pixel or voxel based data, wherein
the generating comprises: calculating a number of dots per pixel or voxel based on the
respective pixel or voxel values; and distributing the calculated number of dots across the

pixels or voxels.

In some embodiments the distributing includes randomly distributing the calculated number

of dots.

In some embodiments the number of dots is adapted in dependence on a zoom factor and the
resultant size of the generated dot-based representation on a display. More particularly the
number of dots is optionally adapted to maintain substantially constant dot density on the
display. In an alternative embodiment, the inter-dot relationship is modified to maintain

appropriate relative position.

Another embodiment further includes tracking the position of a viewer’s head, and adapting
the display to provide a pseudo-3-dimensional display in dependence on the tracked viewer’s

head position.

Another aspect of the invention provides a system for displaying multiple data sets, the
system comprising: a processor; a display; and a computer readable medium, the computer
readable medium storing one or more computer program(s) so arranged such that when
executed they cause the processor to: i) receive at least one data set relating to spatially
distributed features or characteristics of an object or entity; and ii) generate a dot-based
representation of the at least one data set, the dot-based representation deterministically
relating the number of dots per area or volume to the underlying values of the at least one

data set; and cause the display to display the generated dot-based representation.

In one embodiment the processor is further arranged to receive one or more further data sets
relating to spatially distributed features or characteristics of the object or entity, and to
control the display to display the dot-based representation substantially in spatial registration

with one or more further data sets.
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From a further aspect there is also provided a computer program or suite of computer
programs so arranged such that when executed it/they cause a computer to operate in
accordance with the first aspect above. A yet further aspect provides a computer readable

storage medium storing one or more such computer programs.

Description of the Drawings

Further features and advantages of the present invention will become apparent from the
following description of embodiments thereof, presented by way of example only, and by
reference to the accompanying drawings, wherein like reference numerals refer to like parts,

and wherein; -

Figure 1 is a set of figures illustrating an image overlay technique of the prior art;

Figure 2 illustrates a diagram of an embodiment of the invention;

Figure 3 illustrates an example plot of connected simplexes that can be formed for point data
on a 2 dimensional surface;

Figure 4 is a diagram illustrating how different simplexes can be given a different dot density,
depending on the values of their vertexes;

Figure 5 illustrates how a tetrahedral simplex can be formed from three dimensional data, and
a dot density found therefor;

Figure 6 illustrates how different dot densities may be found and applied to individual pixels
in an imaging system, where the pixel size from the imaging system is larger than the display
resolution;

Figure 7 illustrates how different dot densities may be found and applied to individual voxels
in an imaging system, where the voxel size from the imaging system is larger than the display
resolution;

Figure 8 is a flow diagram of the overall process of an embodiment according to the
invention;

Figure 9 is a flow diagram of a part of the process for generating a dot representation for
point based data;

Figure 10 is a flow diagram of another part of the process for generating a dot representation

for point based data;
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Figure 11 is a flow diagram of a process for generating a dot representation for pixel or voxel
based data;

Figure 12 is an example of two overlaid images, one of which has been converted to the dot
representation, wherein the dot representation is a 2D representation on a dot plane;

Figure 13 is a second example of two overlaid images, one of which has been converted to
the dot representation, wherein the dot representation is a 3D representation;

Figure 14 is a graph of a correction factor to be applied to dot generation depending on the
zoom factor applied to the overall image;

Figures 15 and 16 are diagrams illustrating how a virtual three dimensional view can be

obtained using head tracking and change of image displayed.

Description of the Embodiments

An embodiment of the invention will now be described. Figure 2 illustrates an example
computer system 20 that may form the platform for embodiments of the invention, The
computer system 20 comprises a central processing unit (CPU) 201, a video interface 202
arranged to drive a display 22, and an input interface 203 arranged to receive control inputs
from a user via an input device 24 such as a keyboard, mouse, or other controller. A network
interface 205 is also provided to provide connectivity to a network 25 such as an intranet or

the Internet, and which provides a route for data input and output to and from the system.

The computer system 20 is also provided with a computer readable storage medium 204 such
as a hard disk drive (HDD), flash drive, solid state drive, or any other form of general
purpose data storage, upon which is stored data and various control programs arranged to
control the computer system 20 to operate in accordance with embodiments of the present
invention. For example, an overall control program 2048 is provided, which is arranged to
provide overall control of the system to perform embodiments of the invention, for example
including receiving user inputs as to which images or data should be processed, and calling
other functions or launching other programs to perform specific data processing tasks. There
is also provided a dot generation program 2050 which is arranged to generate dot
representations of images under the control of the control program 2048. An overlay image
generation program 2052 is also provided, which generates output overlay images of dot
representations and other images, again under the control of the control program 2048.

Finally, a mesh generation program 2042 is provided, that acts to generate meshes of
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simplexes formed from point data, that are required to allow the present embodiment to

process point based data sets.

In addition to the above, the computer readable medium 204 also stores thereon respective
image or other data sets 2044 and 2046, representing the image data or other data that is to be

overlaid in registration with each other to generate output images.

Various other components and systems would of course be known to the person skilled in the
art to permit the computer system 20 to operate, but such are beyond the scope of the present

embodiments.

Turning to Figure 8, the operation of embodiments of the invention will now be described.
Figure 8 is a flow diagram illustrating the overall operation of the control program 2048 to
provide embodiments of the invention. In particular, at s.8.2 the control program operates to
receive image data, or other data sets, such as point based data, to be processed and overlaid
on top of each other. The received data is stored on the computer readable medium 204 as
data sets 2044 and 2046. Next, the control program 2048 controls the dot generation program
2050 to convert at least one of the images or data sets into a dot based representation, in a
manner to be described. This is performed at s.8.4, as shown. Finally, once the dot based
representation has been generated for at least one of the images or data sets, at $.8.6 the
control program 2048 uses the overlay image generation program 2052 to generate an output
image illustrating the dot based representation overlaid onto the other image in registration
therewith. Examples of the output images that can be obtained are shown in Figures 12 and

13.

Figures 9 and 10 illustrate in more detail the steps involved in generating a dot-based image
representation for point based data. For example, the point based data might be medical data
from an electro-anatomic mapping system, and in some embodiments may represent electro-
gram voltage at each point, or local activation time (for example where the point based data
relates to characteristics of the heart). More particularly, at s.9.2 the dot generation program
2050 receives the point based data set. For example, this could be an image which has been
generated by interpolating between values obtained for measurement points across the region
the image represents, or could be a set of data point values with attendant location data as to

where each value represents in the data set. For example, where the data points are electrical
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activation times in the heart of a subject, then the data points may represent and encode the
actual times and the positions in the heart. Furthermore, the data points may represent
interpolation of data between measured samples in such a way as to provide a high resolution

representation of a 2D or 3D object.

The next step is that it becomes necessary to connect the point based data into areas over
which the dots might be spread. In this respect, embodiments of the invention rely on the
density of dots across a two dimensional area or three-dimensional region to convey
information, and hence associated 2D areas or 3D regions should be generated related to the
point based data. This is performed by the processing loop shown in steps 9.4 to 9.10 in
Figure 9. Here, for each point in the received data set (5.9.4) the two closest other points (in
the case of a 2D arrangement over a plane surface) or the three closest points (in the case of a
3D arrangement) are determined (s.9.6) and a triangular simplex (in the case of 2D or
tetrahedral simplex (in the case of 3D) is formed from the determined points. Once a simplex
has been formed, the next point in the data set is processed in the same way (s5.9.10) until all
the points have been processed. In this way triangular simplexes are formed as shown in
Figure 3 for the case of a 2D plane representation, or tetrahedral simplexes formed as shown

in Figure 5 for a 3D representation.

The purpose of forming the simplexes is to provide an area or region over which dots can be
distributed with a particular density to convey information relating to the value of the points
that form the vertexes of each simplex. Therefore, the next step in the dot generation program
is to determine a value for each simplex that can then be converted into a dot density for
distribution over the simplex. Figure 10 illustrates the process performed to generate the dot

distribution.

More particularly, a processing loop is started at s.10.2 to process each generated simplex.
For each simplex a value for the simplex is determined at 5.10.4 from the values of the points
that form the vertexes of the simplex. In this respect, it will be recalled that each simplex is
formed from the point based data, where each point has a value representing measured data.
For example, the point based data may be electrical activation time or electrogram voltage,
where the data represents heart data. That is, each point is a measurement point with a value

and location, and hence a value may be generated for a simplex by applying a mathematical
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function to the values of the points at the vertexes of the simplex. For example, the value

could be simply the mean value of the values of the points at the vertexes.

Having determined a value for each simplex from the vertex values, it then becomes
necessary to calculate the number of dots to be drawn on the simplex based on the value. In
this respect, the underlying data will usually be within a known range of values from a
maximum to a minimum, for example from roughly O to 10 mV in the case of heart electrical
activation voltages. The determined value can therefore be mapped against the range of
values represented by the set of points, to determine where in the range the determined value
lies. The density dot coverage of the simplex can then be found for example by linearly
interpolating between the ranges to the value, to determine how much of the simplex should
be covered with dots. For example, if the known range is 0 to 10 mV, and the determined
value is 5.9, then in one embodiment the percentage of the simplex that should be covered
with dots might be set at 59%. The number of discrete dots required can then be calculated

based on the size of the simplex.

In other embodiments a different function might be used to relate the number of dots to the
determined value. For example, it might be undesirable to completely cover the simplex with
dots in the case of a high value, as then the simplex would be substantially opaque, and one
of the main advantages of embodiments of the invention would be lost. Therefore, in other
embodiments a maximum dot density might be set, such as for example, 30%, wherein only
30% of the area or region of the simplex might be occupied with dots as a maximum. In this
case, interpolation between zero dots and this maximum value can be performed in
dependence on the determined value. More generally, a fraction of the simplex that should be

covered by dots can be found from the following:

Fraction of simplex = (Determined value / (max data value — min data value)) * density

factor

where the determined value is the value is determined at s.10.4, the maximum and minimum
data values are those maximum and minimum possible values that can be obtained i.e. 0 to 10
mV in the example above, and the density factor is maximum dot density that might be set

e.g. 30%.
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Having found the fraction, the precise number of dots can then be found from the display size

of the simplex and the display resolution, and the calculated fraction.

In other embodiments a further different function might be used to relate the number of dots
to the determined value. For example, rather than a percentage-based approach given above,
an absolute maximum, and if necessary minimum, number of dots might be set for each
simplex. Once these levels are set the number of dots for each simplex may be calculated by
scaling and offsetting the original data set range to these maximum and minimum numbers of
dots. The number of dots per simplex then becomes directly identifiable from the new, scaled
data range. This approach might be further extended to include additional maximum and
minimum ‘threshold’ levels on the original data set. In this way the system may be set up to
always draw the maximum number of dots at each and every simplex for which the original
data set value is above the maximum threshold, and correspondingly to draw no dots at any

simplex for which the data set value is below the minimum threshold.

Having determined the number of dots to be drawn on a simplex, at 5.10.8 the dot generation
program 2050 acts to distribute the dots at positions across the simplex, and then processing
proceeds to the next simplex, at $.10.10. In this way, a number of dots and the dot distribution
is calculated for each simplex. In terms of how the distribution is performed, in one
embodiment the distribution is a randomised distribution, in that the calculated number of
dots are scattered at random across the surface or region of the simplex. However, in other
embodiments other distributions can be used, for example by distributing the dots so that they
are substantially equally spaced across the surface or region. Other distribution functions may

also be employed.

Once the dot number and dot distribution has been found, at s.10.12 the overlay image
generation program 2052 acts to generate an output image with the dot based registration of
the a first image or data set overlaid in registration with a second image showing different

aspects of the same article.

For example, in the medical imaging field, Figure 12 shows an example image showing
cardiac scar/voltage data (dots) and local activation time data (colours) on a single shell,
whereas Figure 13 shows scar location within the myocardial wall of the left ventricle of a

human heart. In Figure 13, the underlying image is the interior (endocardial) surface of the

10
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ventricle, whereas the dot representation has been generated in 3D to show scar location
actually within the ventricular wall. In this regard, the ventricular wall is modelled as a

tetrahedral simplex mesh described above.

With the above therefore, an imaging technique is provided that allows a dot based
representation of a set of data, which might be point based data to be overlaid onto a second

image in registration therewith, to allow a viewer to see both image sets simultaneously.

The above embodiment is concerned with point based data, and generating 2D or 3D
simplexes to form the areas or regions over which dots may be distributed to represent the
data. In a second embodiment described next the input data is already image data, either in
pixel form in the case of a 2D image, or voxel form in the case of a 3D image (such as from
an MR scan). In this case, the pixel or voxel from the imaging system that produced it will
have a certain resolution or size, depending on the imaging system. For example, a 1.5T MRI
image may have a spatial resolution of 1.5 to 2 mm 1.e. each voxel is of size 1.5to 2x 1.5 to
2 mm x 1.5 to 2 mm. The native resolution of the imaging system that produced an input
image therefore provides a natural area or region over which dots may be distributed to

provide a dot based representation.

Figure 11 therefore shows the procedure performed by the dot generation program when
dealing with pixel or voxel based input data. At s.11.2 the pixel or voxel based data is
received, and at s.11.2 a processing loop is commenced to process each pixel or voxel. In this
respect, for each pixel or voxel in the image the required number of dots is calculated based
on the actual pixel or voxel value. In this respect, the same considerations as described above
in respect of the first embodiment also apply, and in this respect s.11.4 is the same as s.10.6,
but with different input values (i.e. based on the pixel/voxel value, rather than determined
value for a simplex). Once the number of dots has been calculated, at s.11.6 the dots are
randomised across the pixel/voxel, and then at s.11.8 the next voxel or pixel in the image is
selected. The result is that a dot based representation is obtained that for each pixel or voxel
replaces the pixel or voxel value with a number of dots randomly distributed across the area
or region of the pixel. Of course, for display purposes in this embodiment the display
resolution is assumed to be greater than the resolution of the input image data, such that each

pixel or voxel in the input image would occupy many pixels in the display.

11



10

15

20

25

30

WO 2014/132080 PCT/GB2014/050603

Once the dot based representation has been produced the overlay image generation program
2052 then acts to generate an overlay image of the dot based representation with the second
input image, in registration therewith. This image may include representations of all of the
original image pixels, or some of the image pixels where some of the pixels are selected for

display based on an algorithm, for example a clipping plane.

Figures 6 and 7 show respective pixel and voxel based dot representations generated by the
second embodiment. Figure 6 shows a pixel based representation where an array of pixels 60
has had dot representations generated for each pixel area. In this example, pixel 602 has had a
first dot density calculated for it, where as pixel 604 has had a higher dot density calculated.

Other pixels have also had their respective dot densities found and displayed.

Figure 7 shows how dots can be found and distributed throughout voxel representations. In
this Figure the dots are represented by different shapes in each voxel, but that is for
representation purpose only to show the different dots in each voxel. In a real-life
embodiment that dots would typically be of identical shape in each voxel. From Figure 7 it
can be seen that different dot densities can be found for different voxels, depending on the

initial voxel values.

Thus, embodiments of the invention provide for the generation of dot based representations
from both point based and pixel or voxel based input data sets. The dot based representations
use the display density of dots across a 2D area or in a 3D region to communicate
information to the viewer as to the value of the original data sets or images at those points. As
such, multiple spatially distributed data sets such as image data, or point based data may be
displayed to and easily understood by the user. In this respect, the cognitive burden on the

user is reduced.

Various modifications may be made to the above described embodiments to produce further
embodiments. For example, when viewing the rendering of dot based representation
produced by the image generation program 2052 it is beneficial to adjust the number of dots
in a simplex depending on the relative screen size of the image. In this respect, if the rendered
image has been zoomed out on the screen so that the whole image appears smaller, then
fewer dots will be needed per simplex. In contrast, if the image has been zoomed in such that

each simplex appears larger, then more dots may be required. A zoom factor may therefore

12
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be applied to the calculated number of dots per simplex, or per pixel or per voxel, as

appropriate, an example of which is shown in Figure 14.

In this respect, when the dot based representation is being rendered, then the number of dots
per simplex will have been calculated as described in the previous embodiments. This
calculated number is then used as an input to a function such as that shown in Figure 14 that
keeps the number of dots per simplex (or pixel or voxel) at the same display density
irrespective of the zoom factor. If such a function is not provided then in the case of zooming
in towards a pixel or simplex the number of dots displayed per unit area (ie dot density)
would appear to decrease as the dots became further apart, and information would be lost to
the viewer. Conversely, in a zoom out situation the distribution of dots would become closer
together and eventually become opaque. By adjusting the displayed dot density so that it
remains substantially constant as viewed irrespective of zoom factor the advantages of the

invention can be maintained.

Further in this regard, by substantially constant we mean that the displayed dot density is
maintained within a range of a few percent irrespective of zoom. In the example zoom
adaptation function of Figure 14 the dot density is maintained between approximately 5.5%
to 7% across the range of zoom factors i.e. the zoom adaptation function extends over a range
of approximately 1.5%. Other zoom adaptation functions may be used, which give slightly
larger or smaller ranges across the range of zoom factors, bearing in mind the purpose of
trying to maintain the perceived dot density by the user as substantially constant. For example,

a dot density zoom range of no more than 5%, or more preferably no more than 3%, or even

more preferably no more than 1.5% or even 1% should be sufficient to achieve the purpose.

The above dot density zoom ranges and the zoom adaptation function may be applied to the
initial dot density calculated in accordance with the previous embodiments. For example, if
the dot density is initially calculated in accordance with the previous embodiments for unity
zoom (x1) to be 25% dot density, then using the zoom adaptation function the dot density
may be kept in the range of 27.5% to 22.5% (i.e. 5% range) across the zoom range, or more
preferably in the range of 26.5% to 23.5% (i.e. 3% range), or even more preferably 25.5 % to
24.5% (i.e. 1% range), by way of example. With such a zoom adaptation function the
perceived dot density and hence the information conveyed thereby can be understood by the

user irrespective of the actual zoom factor applied to the display.
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In another modification, in order to allow perception of the location of dots within a model an
algorithm has been developed to adjust the rendering of the model based on the viewer’s head
position. By allowing the viewer to ‘look around’ the object they are able to perceive depth,
and hence position of the dots both around and within the myocardial wall. The principles of
this technique are shown in Figures 15 and 16. In particular, Figure 15 is a schematic diagram
of the change in view frustum with head position movement from P¢ to Pe (A), and the
resultant alteration in the appearance of the cube drawn on the screen (B). Figure 16 is a

graphic representation of the same giving the illusion of depth.

Head tracking algorithms with attendant changes of view to give the illusion of depth and a
3D image are well known, and will not be described further here, suffice to say that in a
preferred embodiment the Viola Jones algorithm for facial recognition is used to perform the
head tracking with a standard desktop webcam. The advantage of providing such a pseudo-
three-dimensional representation is that it can further allow the viewer to more easily

appreciate the dot based representation.

In a further embodiment it will be appreciated that the dot based representation may be
displayed by itself i.e. without being shown with a second image or other data set (whether in
registration therewith or otherwise). In such a case the overlay image generation program

simply displays the dot based representation on the display.

Moreover, in further embodiments plural dot based representations relating to a plurality of
input images or data sets may be generated in the manners described above, and displayed
simultaneously to the viewer. Such display may be together with conventional images or data
sets in registration therewith (as in the main embodiments described above), or without such
conventional images. The plural dot based representations may be displayed in registration

with each other, with or without other, conventional, images or data sets.

Finally, in the above describe embodiments we have referred to simplices being formed, such
as the triangular simplices for the 2D planar representation, or the tetrahedral simplices for
the 3D representation. In other embodiments where point based data is being processed then

other polygonal connected shapes may be formed by the points to provide the processing
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units of embodiments of the invention, and embodiments of the invention are not limited to

the triangular or tetrahedral shapes described.

In addition, it should be emphasised that the dot based data representation overlaid on to
other two or three dimensional data may be used to represent data pairs of several different
related data types. For example, whilst in the medical fields there are several different
location-related physiological measurements that may be displayed together, embodiments of
the invention are not related to such physiological data, and other pairs of data may be

displayed using such a representation. By way of example:

1) In the field of neurology - one set of data might be white matter hyperintensities or
amyloid deposition within the brain, with the dot-based representation representing

regions of cortical atrophy determined from MRI imaging;

1) Map data and seismic data - one set of data might be geographic map data, with the
dot-based representation representing seismic data gathered from the corresponding

area;

ii1) Combined meterological data - one set of data might be atmospheric pressure data,
with the dot-based representation representing a corresponding meterological dataset

such as local precipitation or temperature across the same region.

Other pairs of data sets that might be conveniently displayed using such a dot based
representation will be apparent to the person skilled in the art, and the present invention is not

intended to be limited in any way to the specific examples given herein.

Further embodiments, whether by way of addition, deletion or modification of features, will
be apparent to the intended reader being a person skilled in the art, any and all of which are

intended to be encompassed by the appended claims.
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Claims

1. A method for displaying a data set, the method comprising:

receiving at least one data set relating to spatially distributed features or
characteristics of an object or entity;

generating a dot-based representation of the at least one data set, the dot-based
representation deterministically relating the number of dots per unit area or volume to the
underlying values of the at least one data set; and

displaying the generated dot-based representation.

2. A method according to claim 1, and further comprising:

receiving one or more further data sets relating to spatially distributed features or
characteristics of the object or entity;

wherein the displaying comprises displaying the dot-based representation

substantially in spatial registration with the one or more further data sets.

3. A method according to any of claims 1 or 2, wherein the data set(s) is any of a point-

based data set, or pixel or voxel-based data set.

4. A method according to any of the preceding claims, wherein the at least one data set
comprises point based data, wherein the generating comprises:

forming polygons from said points;

determining respective values for the polygons in dependence on the point values
forming the polygons;

calculating a number of dots per polygon based on the determined respective values;

and
distributing the calculated numbers of dots across the polygons.
5. A method according to claim 4, wherein the polygons are polyhedrons.
6. A method according to any of claims 1 to 3, wherein the at least one data set

comprises pixel or voxel based data, wherein the generating comprises:
calculating a number of dots per pixel or voxel based on the respective pixel or voxel

values;
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distributing the calculated number of dots across the pixels or voxels.

7. A method according to claims 4, 5 or 6, wherein the distributing includes randomly

distributing the calculated number of dots.

8. A method according to any of the preceding claims, wherein the number of dots is
adapted in dependence on a zoom factor and the resultant size of the generated dot-based

representation on a display.

0. A method according to claim 8, wherein the number of dots is adapted to maintain

substantially constant dot density on the display.

10. A method according to any of the preceding claim, and further comprising tracking
the position of a viewers head, and adapting the display to provide a pseudo-three-

dimensional display in dependence on the tracked viewer’s head position.

11. A method according to any of the preceding claims, wherein the receiving includes
receiving a plurality of data sets relating to spatially distributed features or characteristics of
the object;

generating a plurality of respective dot-based representations of the plurality of data
sets, the dot-based representations deterministically relating the number of dots per unit area
or volume to the underlying values of the plurality of data sets; and

displaying the generated dot-based representations.

12. A system for displaying multiple data sets, the system comprising:
a processor;
a display; and
a computer readable medium, the computer readable medium storing one or more
computer program(s) so arranged such that when executed it/they cause the processor to:
1) receive at least one data set relating to spatially distributed features or
characteristics of an object or entity; and
i1) generate a dot-based representation of the at least one data set, the dot-
based representation deterministically relating the number of dots per unit area or volume to

the underlying values of the at least one data set;
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and cause the display to display the generated dot-based representation.

13. A system according to claim 12, wherein the processor is further arranged to receive
one or more further data sets relating to spatially distributed features or characteristics of the
object or entity, and to control the display to display the dot-based representation

substantially in spatial registration with one or more further data sets.
14. A system according to claims 12 or 13, wherein the one or more computer programs
are further arranged such that when executed it/they cause the system to perform the method

of any of claims 3 to 11.

15. A computer program or suite of computer programs so arranged such that when

executed it/they cause a computer to operate in accordance with any of claims 1 to 11.

16. A computer readable storage medium storing one or more computer programs

according to claim 15.
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