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Fig. 2

(57) Abstract: The invention relates to a method and a corresponding system and apparatus for loading image data stored in a first
memory (23) into a second memory (25) by loading at least a first set of sections (S1, S5, S9, S13) of the image data into the second
memory (25). In order to achieve a reduced memory access and memory consumption during loading, said sections (S1, S5, S9, S13)
of said first set of sections (S1, S5, S9, S13) of the image data being allocated to first original addresses (1, 5, 9, 13) in the first
memory (23), wherein said sections (S1, S5, 89, S13) of said first set of sections (S1, S5, S9, S13) of the image data stored in the
first memory (23) are spaced from one another, and said sections (S1, S5, 89, S13) of said first set of sections (S1, S5, 89, S13) of
the image data stored in the first memory (23) are, in particular progressively, loaded into the second memory (25) and stored at first
end addresses (1', 5', 9", 13") in the second memory (25), wherein said first end addresses (1, 5', 9', 13') of said sections (S1, S5, S9,
S13) of said first set of sections (S1, S5, S9, S13) stored in the second memory (25) correspond to said first original addresses (1, 5,
9, 13) of said sections (S1, S5, 89, S13) of said first set of sections (S1, S5, S9, S13) stored in the first memory (23).
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Method, System and Apparatus for

Loading Image Data Stored in a First Memory into a Second Memory

Description

The present invention relates to a method, system and an apparatus for loading
image data stored in a first memory into a second memory according to the in-

dependent claims.

Loading 2D or 3D image data into a memory of an image data display unit is a
challenge in applications where a fast display of preview images is required, in
particular in the field of volume rendering of image data which is quite memory
intensive. As network bandwidth is often the bottleneck, performant algorithms
which handle the memory load efficiently are required.

It is an object of the invention to provide a method, system and apparatus for
loading image data stored in a first memory into a second memory requiring a

reduced memory access and memory consumption during loading.

The object is achieved by the method, system and apparatus according to the

independent claims.

In the method according to the invention at least a first set of sections of the im-
age data is loaded into the second memory, wherein said sections of said first
set of sections of the image data being allocated to first original addresses in the

first memory, wherein said sections of said first set of sections of the image data
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stored in the first memory are spaced from one another, and said sections of
said first set of sections of the image data stored in the first memory are pro-
gressively loaded into the second memory and stored at first end addresses in
the second memory, wherein said first end addresses of said sections of said
first set of sections stored in the second memory correspond to said first original

addresses of said sections of said first set of sections stored in the first memory.

The system according to the invention comprises a first memory for storing im-
age data, a second memory for storing image data and a control unit for control-
ling and/or effecting loading of at least a first set of sections of the image data
into the second memory, wherein said sections of said first set of sections of the
image data being allocated to first original addresses in the first memory, where-
in said sections of said first set of sections of the image data stored in the first
memory are spaced from one another, and said sections of said first set of sec-
tions of the image data stored in the first memory are progressively loaded into
the second memory and stored at first end addresses in the second memory,
wherein said first end addresses of said sections of said first set of sections
stored in the second memory correspond to said first original addresses of said

sections of said first set of sections stored in the first memory.

The apparatus according to the invention comprises a second memory for stor-
ing image data, an image data rendering unit for rendering image data stored in
the second memory and a control unit for controlling and/or effecting loading of
at least a first set of sections of image data stored in a first memory into the
second memory, wherein said sections of said first set of sections of the image
data being allocated to first original addresses in the first memory, wherein said
sections of said first set of sections of the image data stored in the first memory
are spaced from one another, and said sections of said first set of sections of
the image data stored in the first memory are progressively loaded into the sec-
ond memory and stored at first end addresses in the second memory, wherein

said first end addresses of said sections of said first set of sections stored in the
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second memory correspond to said first original addresses of said sections of

said first set of sections stored in the first memory.

The invention is based on an integrated progressive volume loading approach,
wherein image data sections, in particular slice images, loaded by two or more
progressive iteration steps are already written to — i.e. “integrated” in — the sec-
ond memory address of the full resolution data volume. Although in each of the
progressive iteration steps only a set of spaced sections is loaded and stored in
the second memory, the loaded sections are already stored at addresses in the
second memory which correspond to the addresses of the loaded sections in the
first memory. According to the integrated progressive volume loading method
two or more sets of sections of the original image data stored in the first memory
are progressively, i.e. step by step, loaded into the second memory, wherein
after a first set of sections has been loaded into the second memory, a second
set of sections is loaded into the second memory and so on. During the progres-
sive loading, each of the loaded sections is stored at an address in the second
memory which corresponds to its end address at a time when the full data image

volume has been loaded and stored in the second memory.

By this means, a temporary and time consuming memory allocation is no longer
required for each progressive volume loading step because the full resolution
memory is allocated only once and used during all progressive steps. Moreover,
already loaded slices of earlier steps do no longer have to be loaded and copied
again in the volume of the next progressive step. Last but not least, because the
slices of each progressive step are already integrated in the full resolution vol-
ume in the second memory, the requirement of keeping the previous volume in
the second memory until the next progressive step is loaded into the second
memory is no longer to be regarded. In sum, memory access and memory con-

sumption is reduced significantly.
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The invention is particularly advantageous in the field of rendering medical im-
age data which were obtained from a patient by means of a medical imaging

modality, e.g. computed tomography (CT).

Preferably, within the meaning of the present invention, the terms “progressively
loaded” or “progressive loading” in connection with two or more sets of sections
relate to a successive and/or consecutive loading of two or more, preferably
complete, sets of sections stored in the first memory into the second memory,
wherein, e.g., after a first set of sections has been completely loaded into the
second memory, a second or further set of sections is loaded into the second

memory and so on.

Preferably, within the meaning of the present invention, the terms “progressively
loaded” or “progressive loading” in connection with two or more sections of a set
of sections relate to a successive and/or consecutive and/or sequential loading
of individual sections of the set of sections stored in the first memory into the
second memory, wherein, e.g., after a first section of the set of sections has
been loaded into the second memory, a second or further section of the set of
sections is loaded into the second memory and so on until the two or more sec-

tions of the set of sections have been loaded into the second memory.

Within the meaning of the present invention the term “section of the image data”
relates to a part of the image data. A section of the image data has preferably a
lower dimension than the image data. E.g., in the case of three-dimensional im-
age data a section of the image data is a two-dimensional slice, in the case of
two-dimensional image data, a section of the image data is a one-dimensional
line, and in the case of four-dimensional image data comprising time-dependent
spatial image data, a section of the image data can be a three-dimensional vol-
ume of the image data. Alternatively, a section of the image data can also have
the same dimension as the image data and constitute a part thereof. E.g., in the
in the case of three-dimensional image data a section of the image data is a

three-dimensional part thereof.
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Within the meaning of the present invention the term “set of sections of the im-
age data” relates to two or more sections of the image data, said two or more

sections being allocated to different addresses in the memory.

Within the meaning of the invention, the term “correspond” concerning original
addresses in the first memory and end addresses in the second memory is not
limited to a correspondence of physical memory addresses in the first and sec-
ond memory but also relates to a correspondence of logical memory addresses
in the first and second memory. Therefore, the term “correspond” also relates to
a virtual correspondence of first and second memory addresses. Accordingly,
the respective feature of the invention is be understood as said first logical
and/or physical end addresses of said sections of said first set of sections stored
in the second memory correspond to said first logical and/or physical original
addresses of said sections of said first set of sections stored in the first memory.
Preferably, said first logical and/or physical end addresses of said sections of
said first set of sections stored in the second memory are — apart from a possi-
ble address offset value — equal to said first logical and/or physical original ad-
dresses of said sections of said first set of sections stored in the first memory.
For example, in the case that the first memory is part of a server and the second
memory is part of a client, the first memory addresses are given by logical ad-
dresses which differ from respective physical memory addresses in the first
memory, whereas the second memory addresses are given by logical addresses

which correlate with respective physical memory addresses in the second mem-

ory.

According to a preferred embodiment of the invention, said sections of said first
set of sections of the image data stored in the second memory are spaced from
one another. By this means, a correspondence of memory addresses of the sec-
tions of the first set of sections in the first and second memory can be realized

with high reliability.
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In the sense of the present invention the term “spaced from one another” relating
to sections of a set of sections of the image data stored in a memory means that
image data of each of the sections of a set of sections is stored in the memory at
different addresses, wherein between said addresses no image data relating to
the same set of sections is stored. Regarding the first memory, between ad-
dresses of the sections of a first set image data of at least another set of sec-
tions is stored. Regarding the second memory, between addresses of the loaded
sections of the first set the second memory is temporarily empty until at least

one further set of sections has been loaded into the second memory.

In particular, within the meaning of the present application the term “spaced from
one another” relating to sections of a set of sections of the image data means
that image data of sections of a set of sections are allocated non-contiguously in

the memory.

Moreover, it is preferred that an end distance between said first end addresses
of said sections of said first set of sections stored in the second memory corre-
sponds, i.e. is equal, to an original distance between said first original addresses
of said sections of said first set of sections stored in the first memory. In this
way, the spacing between each of the sections of the set of sections in the first
memory corresponds exactly to the spacing between respective sections of the

set of sections stored in the second memory.

It is also preferred that an end range of said sections of said first set of sections
stored in the second memory corresponds, i.e. is equal, to an original range of
said sections of said first set of sections stored in the first memory. In this way,
the extent of the memory space relating to the sections of the set of sections in
the first memory is identical with the extent of the memory space relating to re-

spective sections of the set of sections stored in the second memory.
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By means of one or more of the above-mentioned embodiments, a reduction of
memory access and memory consumption during progressive loading is

achieved in a very reliable manner.

According to another preferred embodiment of the invention, at least one further
set of sections of the image data stored in the first memory is loaded into the
second memory, wherein said sections of said further set of sections of the im-
age data being allocated to further original addresses in the first memory, where-
in said sections of said further set of sections stored in the first memory are
spaced from one another, and said sections of said further set of sections of the
image data stored in said first memory are progressively loaded into the second
memory and stored at further end addresses in the second memory, wherein
said further end addresses of said sections of said further set of sections stored
in the second memory correspond to said further original addresses of said sec-

tions of said further set of sections stored in the first memory.

Preferably, said sections of said further set of sections stored in the second
memory are spaced from one another. Moreover, it is preferred that said sec-
tions of said further set of sections of the image data stored in the first memory
are loaded into the second memory after said sections of said first set of sec-
tions of the image data stored in the first memory have been stored in the sec-

ond memory.

According to a further preferred embodiment, said first original addresses of said
sections of said first set of sections of the image data stored in the first memory
alternate with said further original addresses of said sections of said further set

of sections of the image data stored in the first memory.

According to another preferred embodiment, said first end addresses of said

sections of said first set of sections of the image data stored in the second
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memory alternate with said further end addresses of said sections of said further

set of sections of the image data stored in the second memory.

The term “alternate” in the meaning of the invention relates to a sequence of the
sections starting with a first section of the first set of sections, followed by a first
section of a further set of sections, followed by a second section of the first set
of sections, followed by a second section of the further set of sections, followed

by a third section of the first set of sections and so on.

By means of the above-mentioned preferred embodiments according to which a
first and at least one further set of sections of the image data are progressively
loaded, the memory access and memory consumption during loading is reduced
considerably. Moreover, a fast and reliable display of preview images based on

the loaded image data is enabled.

According to another preferred embodiment, said image data comprise n-
dimensional image data and each of said sections of the image data loaded
from the first memory into the second memory comprises (n-1)-dimensional im-
age data (x-y), wherein n is equal to 2, 3 or 4. E.g., in the case of 3-dimensional
image data said sections to be loaded into the second memory are constituted
by 2-dimensional image data, so-called slice images. In this way, by progres-
sively loading the sections of the image data into the second memory an iterative
refinement of the loaded image data along a dimension of the original data is
achieved so that, in addition to a significantly reduced memory access and
memory consumption during loading, diagnostically conclusive preview images

based on the loaded image data can be achieved.

Preferably, each of said sections of the image data loaded from the first memory
into the second memory is virtually stretched in a dimension, e.g. a z direction,
which is perpendicular to the n-1 dimensions, e.g. an x-y plane, of said sections

of the image data loaded from the first memory into the second memory. E.g., 3-



10

15

20

WO 2013/190026 PCT/EP2013/062835

-9-

dimensional image data is rearranged in y direction so that the already loaded
slices form one continuous block. This rearranging is performed virtually, just by
modifying the volume array dimension and stretching the slices in z direction, but
the actual volume data in second memory stays the same 1-dimensional array
during each progressive refinement step. By this means, rendering algorithms
which usually expect a full loaded volume can still be applied to the partially
loaded volume, wherein the algorithms only need information about the in-
creased slice thickness (z resolution). Therefore, apart from reduced memory
access and consumption during loading, the generation of diagnostically conclu-

sive preview images, in particular 3-dimensional images, is further improved.

Further advantages, features and examples of the present invention will be ap-

parent from the following description of following figures:

Fig. 1 shows an example of a system and an apparatus according to the in-

vention;

Fig. 2 shows a geometric representation of a first integrated progressive vol-

ume loading step;

Fig. 3 shows a geometric representation of a second integrated progressive

volume loading step;

Fig. 4 shows a geometric representation of a third integrated progressive vol-

ume loading step; and

Fig. 5 shows a diagrammatic representation of a memory space assignment of
the first memory (a) and the second memory after a first (b), second (c)

and third (d) progressive loading step.
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Fig. 1 shows an example of a system and an apparatus 20 according to the in-
vention. A medical image data set 21 comprising a plurality of images, in particu-
lar slice images, of a human or animal body is acquired by a medical imaging
apparatus 22, in particular a computer tomography (CT) apparatus, and is stored
in a first memory 23. Upon request of a control unit 24, e.g. a computer, the im-
age data set 21 or a part thereof is loaded from the first memory 23 into a sec-
ond memory 25. The control unit 24 is configured to control and/or to execute an
integrated progressive volume loading of the image data set 21 from the first

memory 23 into the second memory 25 according to the invention.

Preferably, the second memory 25 is a part of the control unit 24. E.g., in the
case that the contro!l unit 24 is constituted by a workstation or a personal com-
puter (PC), the second memory 25 can be constituted by a random access
memory (RAM) or a hard disk component of the workstation or PC, respectively.
Preferably, the control unit 24 is configured to generate a volume reconstruc-
tion 29 and/or slice views 28 of the image data set 21 on a display 27, e.g. a TFT
screen. Preferably, in the control unit 24 a volume rendering algorithm for ren-

dering 3-dimensional image data is implemented.

The image data set 21, in particular the plurality of slice images, or parts thereof
can be directly fed to the control unit 24 and/or the second memory 25. Alterna-
tively or additionally, the image data set 21 can be transferred via a data net-
work 26 to which both the first memory 23 and the control unit 24 and/or the
second memory 25 are, at least temporarily, connected. For example, the data
network 26 can be a local area network (LAN) or wireless LAN (WLAN) in a hos-

pital environment or the internet.

In the following, the integrated progressive volume loading of the image data
set 21 from the first memory 23 into the second memory 25 is described in detail

by reference to figures 2 to 5.
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Fig. 2 shows a geometric illustration of a first integrated progressive volume
loading step. In the present example, an original volume data set 30 comprising
in total 16 CT slice images of a patient is stored in the first memory 23 (see
fig. 1). Each of the slice images is schematically represented by a rectangular
layer in the x-y plane and comprises a plurality of image data, in particular x-y
position-dependent intensity values I(x, y, z), wherein z represents the position of
the respective slice image, i.e. the layer in the x-y plane, in the z direction. Al-
though in the present example only 16 slice images are shown for reasons of
clarity, the total sum of slice images in real volume image data sets can be sig-

nificantly higher than 16, but also lower than 16.

In the first integrated progressive volume loading step, image data of a first set
of slice images denoted with S1, S5, S9 and S13 are progressively transferred
from the first memory 23 to the second memory 25, wherein a 1% (S1), 5" (S5),
9™ (S9) and 13™ (S13) of the slice images is successively loaded into the second
memory 25 so that in the second memory 25 an integrated progressive volume
data set 31 is obtained. In the present example, a down sampling factor of 4 is
applied when determining the slice images S1, S5, S9 and S13 to be transferred
in the first loading step, so that only one out of four slice images is selected and

transferred.

The slice images S1, S5, S9 and S$13 of the first set of slice images in the origi-
nal volume data set 30 are spaced from one another, i.e. there is at least one
further slice image, e.g. S2, S3 and S4, between two, e.g. S1 and S5, of the
slice images S1, S5, S9 and S13 of the first set of slice images. The image data
of the slice images S1, S5, S9 and S13 of the first set of slice images are stored
in the second memory 25 at memory addresses which correspond to memory

addresses of the slice images S1, S5, S9 and S13 of the first set of slice images

~in the first memory 23. This is illustrated in the following by reference to fig-

ures 5a and 5b.
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Fig. 5a shows a diagrammatic representation of a memory space assignment of
the first memory 23. In the present diagram, a segment of the first memory 23,
e.g. a linear data array, is represented by an arrow, wherein a position on the
arrow represents a respective memory address in the first memory 23. Accord-
ingly, fig. 5b shows a diagrammatic representation of a memory space assign-
ment of the second memory 25, wherein a segment of the second memory 25,
e.g. a linear data array, is represented by an arrow, a position on which repre-

senting a respective memory address in the second memory 25.

Image data of the slice images S1 to S16 are stored at different addresses 1
to 16 in the first memory 23. In the first integrated progressive volume loading
step, not all of the slice images S1 to S16 are progressively loaded into the sec-
ond memory 25, but only image data of a pre-defined first set of slice images
S1, S5, 89 and S13. Moreover, the transferred slice images S1, S5, S9 and S13
of the first set are stored in the second memory 25 at addresses 1’, §', 9" and 13’
which correspond to respective addresses 1, 5, 9, 13 of the slice images S1, S5,
S9 and S13 of the first set stored in the first memory 23. In other words, the im-
age data of slice images S1, S5, S9 and S13 of the first set are stored at mem-
ory addresses 1’, 5’, 9’ and 13’ in the second memory 25 which are identical to
addresses the slice images S1, S5, S9 and S13 would have, if the full original
volume data set 30 was stored in the second memory 25.

Accordingly, as illustrated in figures 5a and 5b, an original distance d between
the addresses 1, 5, 9, 13 of the slice images S1, S5, S9 and S13 of the first set
stored in the first memory 23 is preferably identical with an end distance d’ be-
tween the addresses 1’, 5, 9°, 13’ of the slice images S1, S5, S9 and S13 of the
first set stored in the second memory 25. Further, an original range w of the slice
images S1, S5, S9 and S13 of the first set stored in the first memory 23 is pref-
erably identical with an end range w’ of the slice images S1, S5, S9 and S13 of
the first set stored in the second memory 25. Moreover, like in the first mem-
ory 23, the slice images S1, S5, S9 and S13 of the first set of slice images

stored in the second memory 25 are spaced from one another, wherein there is
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free memory space for storing image data of at least one further slice image,
e.g. S2, 83 and S4, between two, e.g. S1 and S5, of the slice images S1, S5, S9
and S13 of the first set of slice images stored in the second memory 25.

Preferably, in addition to the selective loading of a first set of slice images S1,
S5, 89 and S13 into the second memory 25 set forth above, the integrated pro-
gressive volume data set31 in the second memory 25 is rearranged in
y direction so that the already loaded slice images S1, S5, S9 and S13 form one
continuous block. This is illustrated in the right part of fig. 2 from which it is ap-
parent that the thickness of the loaded slice images S1, S5, S9 and
S13 (shaded) in z direction is stretched by a factor of 4 which corresponds to the
down sampling factor of 4 mentioned above. Non-shaded layers adjacent to the
shaded layers relating to the loaded slice images S1, S5, S9 and S13 represent
(empty) placeholders for accordingly stretched non-loaded slice images.

Preferably, this rearranging is performed virtually, i.e. just by modifying the vol-
ume array dimension and stretching the loaded slice images S1, S5, S9 and S13
in z direction, whereas the actual volume data set 31 in the second memory 25
stays the same one-dimensional array (see fig. 5b) during each progressive re-
finement step. The advantage of virtually rearranging the volume data set 31 and
stretching the slice images S1, S5, S9 and S13 in z direction is that rendering
algorithms which expect a fully loaded volume data set can still be applied. Ren-
dering algorithms only have to be provided with information regarding the virtu-
ally increased slice thickness or correspondingly lowered z resolution, respec-
tively. Based on this information, the rendering algorithm, which is preferably
executed by the control unit 24 (see fig. 1) of a computer, will treat the loaded
image data of the first set of slice images S1, S5, S9 and S13 like a set of slice

images having a resolution in z direction lowered by a factor 4.

Preferably, the rearranged volume can be rendered in the following ways: a) the
volume rendering algorithm considers a slice image offset which corresponds to

the sub sampling factor, i.e. the down sampling factor, and/or b) a clipping box is
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applied on the volume rendering algorithm, wherein only the already loaded slic-

es are inside the clipping box.

Preferably, like in the first progressive loading step described in detail above,
image data of further slice images are loaded from the first memory 23 into the
second memory 25 in a second and a third progressive loading step which is
illustrated by reference to figures 3, 4 and 5¢ and 5d in the following. Unless
otherwise stated, the above elucidations relating to the first progressive loading

step apply accordingly.

Fig. 3 shows a geometric illustration of a second integrated progressive volume
loading step and in fig. 5¢ a diagrammatic representation of a memory space
assignment of the second memory 25 after the second integrated progressive
volume loading step is shown. As apparent from these figures, in the second
loading step image data of a second set of slice images S3, S7, S11 and S15
are progressively loaded from the first memory 23 into the second memory 25.
Like in the first loading step, the original memory addresses 3, 7, 11 and 15 of
the slice images S3, S7, S11 and S15 of the second set in the first memory 23
correspond to the end memory addresses 3, 7, 11’ and 15’ of the slice images
83, S7, S11 of the second set loaded into the second memory 25. As a resuit of
the second loading step following the first loading step, image data of the first
and second set of slice images, i.e. slice images S1, S3, S5, S7, S9, S11, S13
and S15, are stored in the second memory 25. Accordingly, the down sampling
factor after the first and second loading step corresponds to 2, i.e. one out of two

slice images have been loaded into the second memory 25.

Like in the example given in the first loading step, the integrated progressive
volume data set 31 in the second memory 25 is rearranged in y direction during
or after the second loading step so that the already loaded slice images S1, S3,
S5, S7, S9, S11, S13 and S15 form a continuous block (see right part of fig. 3),
wherein the thickness of the loaded slice images S1, S3, S5, §7, S9, S11, $13
and S15 (shaded) in z direction is stretched by a factor of 2 which corresponds
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to the down sampling factor of 2. Non-shaded layers adjacent to the shaded lay-
ers relating to the loaded slice images S1, S3, S5, S7, S9, S11, 813 and S15
represent (empty) placeholders for accordingly stretched non-loaded slice im-
ages. This rearranging is also performed virtually by modifying the volume array
dimension and stretching the loaded slice images S1, S3, S5, S7, S9, S11, S13
and S15 in z direction, whereas the actual volume data set 31 in the second
memory 25 stays the same one-dimensional array (see fig. 5¢) during each pro-

gressive refinement step.

Fig. 4 shows a geometric illustration of a third integrated progressive volume
loading step and in fig. 5d a diagrammatic representation of a memory space
assignment of the second memory 25 after the third integrated progressive vol-
ume loading step is shown. In the third loading step image data of a third set of
slice images S2, S4, S6, S8, S10, S12, S14 and S16 are progressively loaded
from the first memory 23 into the second memory 25. Like in the first and sec-
ond loading step, the original memory addresses 2, 4, 6, 8, 10, 12, 14 and 16 of
the slice images S2, S4, S6, S8, S10, S12, S14 and S16 of the third set in the
first memory 23 correspond to the end memory addresses 2', 4’, 6', 8, 10’, 12,
14’ and 16’ of the slice images S2, S4, S6, S8, S10, S12, S14 and S16 of the
third set loaded into the second memory 25. As a result of the third loading step
following the first and second loading steps, image data of the first, second and
third set of slice images, i.e. all of the slice images S1 to S16 of the full original
volume data set 30, are stored in the second memory 25. Accordingly, the down
sampling factor after the first, second and third loading step corresponds to 1,
i.e. each of the slice images S1 to S16 of the original volume data set 30 has
been loaded into the second memory 25. Accordingly, the rendering algorithm,
which is preferably implemented in the control unit 24, is able to retrieve the fully
loaded volume data set 31 in the second memory 25 so that a three-dimensional
representation 29 (see fig. 1) of the original volume data set 30 can be achieved
in full resolution both in x-y plane and z direction. Accordingly, after the third
loading step no virtual rearrangement of the and stretching of the integrated pro-

gressive volume data set 31 in the second memory 25 is necessary.
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The method of the integrated progressive volume loading illustrated above by
means of three progressive loading steps can be expressed in general by means

of pseudo code as follows:

for each progressiveSteps
for i from 0 to N/M
index = i * M
volume.setSlice (index, lcadSlice (index))
end
volume.ySize = originalVolume.ySize * M

volume.zSize = originalVolume.zSize / M

volume.sliceThickness =
originalVolume.sliceThickness * M

end

Wherein M corresponds to the sub sampling or down sampling factor and N cor-

responds to the total number of slices in the volume data set.

In the example of a first progressive loading step given above, each of the se-
lected slice images S1, S5, S9 and S13 of the first set of slice images corre-
sponds to a respective first slice image of four groups of slice images, wherein a
first group comprises slice images S1 to S4, a second group comprises slice
images S5 to S8, a third group comprises slice images S9 to S12 and a fourth
group comprises slice images S13 to S16. It is, however, also possible to select
other slice images for the first set of slice images. For example, instead of se-
lecting a respective first slice image S1, S5, S9 and S13 of the four groups of
slice images, it is possible to select a respective second slice image S2, S6, S10
and S14 of the four groups of slice images. It is also possible to select slice im-
ages of different order number in each of the four groups of slice images, e.g.
S3, S6, S9 and S16.
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Accordingly, the loaded slice images in the second and third progressive loading
step can be different from the selected slice images of the second and third set

of slice images given in the examples above.

In this case, the volume rendering algorithm is, preferably at each loading step,
provided with information concerning the slice images, e.g. S3, S6, S9 and S16,
which are to be or have already been loaded into the second memory. In this
way, the volume rendering algorithm can treat the loaded image data of the first
set of slice images, e.g. S3, S6, S9 and S16, like a set of slice images having a
resolution in z direction lowered by a factor 4. Same applies for subsequently

loaded further sets of slice images.
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Patent Claims

Method for loading image data stored in a first memory (23) into a second
memory (25) by loading at least a first set of sections (S1, S5, S9, S13)
of the image data into the second memory (25), wherein

- said sections (S1, S5, S9, S13) of said first set of sections (S1, S5, S9,
S13) of the image data being allocated to first original addresses (1, 5, 9,
13) in the first memory (23), wherein said sections (S1, S5, S9, S13) of
said first set of sections (S1, S5, S9, S13) of the image data stored in the
first memory (23) are spaced from one another, and

- said sections (S1, S5, S9, S13) of said first set of sections (S1, S5, S9,
S13) of the image data stored in the first memory (23) are, in particular
progressively, loaded into the second memory (25) and stored at first end
addresses (1’, 5, 9, 13) in the second memory (25), wherein said first
end addresses (1', 5°, 9, 13’) of said sections (S1, S5, S§9, $13) of said
first set of sections (S1, S5, S9, S13) stored in the second memory (25)
correspond to said first original addresses (1, 5, 9, 13) of said sec-

tions (S1, S5, S9, S13) of said first set of sections (S1, S5, S9, $13)

stored in the first memory (23).

Method according to claim 1, wherein said sections (S1, S5, S9, S13) of
said first set of sections (S1, S5, S9, S13) of the image data stored in the

second memory (25) are spaced from one another.

Method according to claim 1 or 2, wherein an end distance (d’) between
said first end addresses (1', 5’, 9, 13’) of said sections (S1, S5, S9, S13)
of said first set of sections (S1, S5, S9, S13) stored in the second mem-
ory (25) corresponds to an original distance (d) between said first original
addresses (1, 5, 9, 13) of said sections (S1, S5, S9, S13) of said first set
of sections (S1, S5, S9, S13) stored in the first memory (23).
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Method according to one of the preceding claims, wherein an end

range (W) of said sections (S1, S5, S9, S$13) of said first set of sec-

tions (S1, S5, S9, S13) stored in the second memory (25) corresponds to
an original range (w) of said sections (S1, S5, S9, S13) of said first set of
sections (S1, S5, S9, S13) stored in the first memory (23).

Method according to one of the preceding claims, wherein at least one
further set of sections (S3, §7, S11, S15) of the image data stored in the
first memory (23) is loaded into the second memory (25), wherein

- said sections (S3, S7, S11, S15) of said further set of sections (S3, S7,
S11, S15) of the image data being allocated to further original ad-
dresses (3, 7, 11, 15) in the first memory (23), wherein said sections (S3,
S7, S11, S15) of said further set of sections (S3, S7, S11, S15) stored in
the first memory (23) are spaced from one another, and

- said sections (S3, S7, S11, S15) of said further set of sections (S3, S7,
S11, S$15) of the image data stored in said first memory (23) are, in par-
ticular progressively, loaded into the second memory (25) and stored at
further end addresses (3’, 7', 11°, 15°) in the second memory (25), where-
in said further end addresses (3’, 7, 11°, 15’) of said sections (S3, S7,
S11, S15) of said further set of sections (83, S7, S11, S15) stored in the
second memory (25) correspond to said further original addresses (3, 7,
11, 15) of said sections (S3, S7, S11, S15) of said further set of sections
(83, 87, S11, S15) stored in the first memory (23).

Method according to claims 5, wherein said sections (S3, S7, S11, S15)
of said further set of sections (S3, S7, S11, S15) stored in the second

memory (25) are spaced from one another.

Method according to claim 5 or 6, wherein said sections (S3, S7, S11,
$15) of said further set of sections (S3, S7, S11, S15) of the image data
stored in the first memory (23) are loaded into the second memory (25)
after said sections (S1, S5, S9, S13) of said first set of sections (S1, S5,
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S9, S13) of the image data stored in the first memory (23) have been

stored in the second memory (25).

Method according to one of the claims 5 to 7, wherein said first original
addresses (1, 5, 9, 13) of said sections (S1, S5, S9, S11) of said first set
of sections (S1, S5, S9, S13) of the image data stored in the first mem-
ory (23) alternate with said further original addresses (3, 7, 11, 15) of said
sections (83, §7, S11, S15) of said further set of sections (S3, S7, S11,
S15) of the image data stored in the first memory (23).

Method according to one of the claims 5 to 8, wherein said first end ad-
dresses (1', 5, 9, 13’) of said sections (S1, S5, S9, S13) of said first set
of sections (S1, S5, §9, S13) of the image data stored in the second
memory (25) alternate with said further end addresses (3', 7°, 11°, 15’) of
said sections (S3, S7, S11, S15) of said further set of sections (S3, S7,
S11, S$15) of the image data stored in the second memory (25).

Method according to one of the preceding claims, wherein said image
data comprise n-dimensional image data (I (x, y, z)), and each of said
sections (S1, S5, S9, S13; S3, S7, S11, S15) of the image data loaded
from the first memory (23) into the second memory (25) comprises (n-1)-

dimensional image data (I (x, y)), wherein n is equal to 2, 3 or 4.

Method according claim 10, wherein each of said sections (S1, S5, S9,
S13; 83, S7, S11, S15) of the image data loaded from the first mem-

ory (23) into the second memory (25) is virtually stretched in a dimen-
sion (z) which is perpendicular to the n-71 dimensions of said sections (S1,
S5, S9, $13; S3, S7, S11, S15) of the image data loaded from the first
memory (23) into the second memory (25).
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System for loading image data stored in a first memory (23) into a second
memory (25) comprising:

- a first memory (23) for storing image data,

- a second memory (25) for storing image data and

- a control unit (24) for controlling and/or effecting loading of at least a
first set of sections (S1, S5, S9, S13) of the image data into the second
memory (25), wherein

- said sections (S1, S5, S9, S13) of said first set of sections (S1, S5, S9,
S13) of the image data being allocated to first original addresses (1, 5, 9,
13) in the first memory (23), wherein said sections (S1, S5, S9, S13) of
said first set of sections (S1, S5, S9, S13) of the image data stored in the
first memory (23) are spaced from one another, and

- said sections (S1, S5, S9, S13) of said first set of sections (S1, S5, S9,
S13) of the image data stored in the first memory (23) are, in particular
progressively, loaded into the second memory (25) and stored at first end
addresses (1", 5, 9, 13’) in the second memory (25), wherein said first
end addresses (1’, 5, 9, 13’) of said sections (S1, $5, S9, S13) of said
first set of sections (S1, S5, S9, S13) stored in the second memory (25)
correspond to said first original addresses (1, 5, 9, 13) of said sec-

tions (S1, S5, S9, S13) of said first set of sections (S1, S5, S9, S13)

stored in the first memory (23).



WO 2013/190026 PCT/EP2013/062835

13.

10

15

20

-22 -

Apparatus for loading image data stored in a first memory (23) into a
second memory (25) comprising:

- a second memory (25) for storing image data,

- an image data rendering unit (24) for rendering image data stored in the
second memory (25) and

- a control unit (24) for controlling and/or effecting loading of at least a
first set of sections (81, S5, S9, S13) of image data stored in a first
memory (23) into the second memory (25), wherein

- said sections (S1, S5, S9, S13) of said first set of sections (S1, S5, S9,
S13) of the image data being allocated to first original addresses (1, 5, 9,
13) in the first memory (23), wherein said sections (S1, S5, S9, S13) of
said first set of sections (S1, S5, S9, S13) of the image data stored in the
first memory (23) are spaced from one another, and

- said sections (S1, S5, S9, S13) of said first set of sections (S1, S5, S9,
S13) of the image data stored in the first memory (23) are, in particular
progressively, loaded into the second memory (25) and stored at first end
addresses (1°, 5°, 9’, 13’) in the second memory (25), wherein said first
end addresses (1, 5, 9, 13’) of said sections (S1, S5, S9, S13) of said
first set of sections (S1, S5, S9, S13) stored in the second memory (25)
correspond to said first original addresses (1, 5, 9, 13) of said sec-

tions (S1, S5, S9, S13) of said first set of sections (S1, S5, S9, S13)

stored in the first memory (23).
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