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(57) Abstract: A method of modifying the region displayed in a
window of predetermined size within a digital image represented
by several resolution levels, between a first region (display_zone)
of the digital image displayed at a first resolution (R) and a sec-
ond region (final_zone) of the digital image including the first re-
gion (display_zone) and different from it, comprises the steps of:
- selecting (S406), from the stored image parts (bitmmap(r]) includ-
ing the first region (display_zone), a stored image part (bitmap[k])
with a second resolution (k) that is the maximum among the resolu-
tions of said parts, and less than the first resolution (R); - obtaining
(S84, SE86) from the selected image part (bitmap/[k]) at least one
region included in the second region (final_zone) and including the
first region (display_zone); - displaying (S88) the region obtained
in said window. A corresponding method of displaying an image
at plural resolutions is also proposed. Corresponding devices are
also provided.
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"Method of modifying the region displayed within a digital image, method

of displaying an image at plural resolutions and associated devices™

The invention concerns a method of modifying the region displayed
within a digital image, a method of displaying an image at plural resolutions and
associated devices. Such a method in particular makes it possible to simulate a
zoom out, that is to say the transition between the display of a first region and a
second region of the digital image larger than the first region.

Such methods of modifying the region displayed within a digital
image, for example in order to zoom out, are commonly used when it is desired
to navigate in a digital image of large size, that is to say to view certain parts of
the digital image on a display device by running through the digital image in
accordance with the wishes of a user sent to the display system by an interface
of mouse or keyboard type.

The digital image as a whole is described by data which may be
stored locally by the display system (for example on a hard disk) or remotely, for
example on a remote server, in which case the data will have to be downloaded
before use by the display system. Moreover, the data are in general encoded in
compressed form in order to facilitate their storage and transmission, which
however involves a decoding operation at the time it is desired to view (i.e.
display) the corresponding image.

The obtainment of displayable data (i.e. requiring only minimal
processing by the display system) is thus not in general immediate, for example
due to the time of downloading and/or decoding mentioned above.

Thus, when digital images of large size are manipulated (for example
in case of navigation within the digital image), the displayable data are
determined (i.e. after possible downloading and decoding) with respect only to
the regions of interest for the user, i.e. in practice with respect to the region of

the image to be displayed at a given time.
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When the region to display in the digital image is modified -(for
example on request by the user of the display system), it is then necessary to
obtain and determine the data with respect to the new region to display.

In order to improve the visual reproduction of the transition between
the two regions to display, it is however sought to present the user with
intermediate views which simulate the movement of a camera from the former
region to display to the new region to display.

To perform this transition phase with sufficient fluidity and rapidity
with respect to the user's request, it is necessary to have access to information
describing the digital image externally of the former region displayed without
waiting for the display system to know all the data relative to the new region to
display.

To perform this type of transition when the user requests a zoom out
during navigation (i.e. he requests the display of a new region of the digital
image including the region displayed previously), it has already been proposed
to store Idcally in the display system displayable data used at the preceding
steps of the navigation and to use these stored displayable data to display
intermediate views (of quality possibly lower but immediately available) during
the transition.

In practice, those displayable data are for example constituted by
bitmaps as is the case in the ZOOMIFY software of which the general features
are given for example by the document "Zoomify Technology & Products White
Paper" dated October 2003 and available from Zoomify, Inc., Santa Cruz,
California.

According to this solution, when the user requests a zoom out from a
first region of the digital image, the software searches for a bitmap stored locally
in the display device and which would describe a second region including the
first region and centered thereon, which appears natural as regards giving the
user the impression of a zoom out. The bitmap which describes the second
region is then used to generate intermediate views with a response time that is

perfectly satisfactory since no downloading or decoding operation is necessary.
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The bitmap which describes the second region may however have a
mediocre resolution, for example when the stored bitmaps with a good
resolution (for example immediately below that of the first region) are not
centered on the first region and that it is therefore necessary to use a low
resolution bitmap to be able to extract views including the first region and
centered thereon.

The resolution of the intermediate views is thus not optimum and the
quality of the transition phase simulating the zoom out may show this.

To respond to these problems, i.e. in particular to provide
intermediate views with good quality in a zoom out process, the invention
provides a method of modifying the region displayed in a window of
predetermined size within a digital image represented by several resolution
levels, between a first region of the digital image displayed at a first resolution
and a second region of the digital image including the first region and different
from it, characterized in that it comprises the steps of:

- selecting, from the stored image parts including the first region, a
stored image part with a second resolution that is the maximum among the
resolutions of said parts, and less than the first resolution.

- obtaining from the selected image part at least one region included
in the second region and including the first region;

- displaying the region obtained in said window.

Thus, to generate the intermediate views (or displayed regions
obtained), the choice is always made of the image part stored with the best
resolution, whatever its positioning with respect to the first region may be.

The second region may then be determined on the basis of the
selected image part, which makes it possible to best use the image part of
maximum resolution for the zoom out.

Thus, for example, the determining step may comprise a step of
defining the selected image part as second region.

When the resolution of the second region is determined on the basis

of the resolution of the first region, this definition of the second region permits
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an optimum quality of zoom out when said maximum resolution is equal to the
resolution of the second region.

On the contrary, when said maximum resolution is strictly less than
the resolution of the second region, the determining step can comprise a step of
defining a region centered on the first region as second region. A centered
zoom out is thus performed when this is not to the detriment of the quality of the
visual reproduction.

As a variant, the second region (target region) may be defined in a
centered manner on a point of the first region (initial region) indicated by the
user, for example by means of a mouse, at the time the user requests the zoom
out.

Moreover, provision may be made for the obtaining step to comprise
the obtainment of a plurality of regions included in the second region and
including the first region, in which case a successive display of the plurality of
regions obtained is performed.

The obtaining step comprises for example a step of over-sampling by
a specific factor.

According to an embodiment that is particularly practical, the digital
image is represented at each resolution level in an encoded format. The stored
parts of the image may then result from a prior step of decoding in accordance
with that format, which enables decoding of the views to display at the time of
the zoom out to be avoided.

According to one embodiment, the decoding of data relative to the
second region and the display, on the basis of the decoded data, of the second
region at the end of zoom out, are performed in any case .

Thus a final image is obtained with an optimum quality.

The image parts are for example stored in the form of bitmaps, of
which the use is relatively practical.

The stored image parts may be stored locally, for example in random
access memory or on a hard disk, which enables easy and rapid access to
those data.
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The invention also proposes a method of displaying an image at
plural resolutions based on hierarchical encoded data representing said image,
comprising:

- a first displaying step for displaying at least a part of the image at a
first resolution, image data used for displaying said part at the first resolution
being stored,

- a second displaying step for displaying at least a part of the image,
at a second resolution higher than the first resolution, after the first displaying
step; and

- a third displaying step for displaying at least a part of the image, at
a third resolution lower than the second resolution, after the second displaying
step, the part displayed in the third displaying step including the part displayed
in the second displaying step,

wherein a position of the part displayed in the third displaying step is
determined, irrespective of the position of the part displayed in the second
displaying step within the part displayed in the third displaying step, so that the
part is displayed in the third displaying step by using the stored image data.

This method may also include the optional features mentioned
above.

The invention also provides a device adapted to modify the region
displayed in a window of predetermined size within a digital image represented
by several resolution levels, between a first region of the digital image displayed
at a first resolution and a second region of the digital image including the first
region and different therefrom, characterized in that it comprises means for
selecting, from the stored image parts including the first region, a stored image
part with a second resolution, that is the maximum among the resolutions of
said parts, and less than the first resolution, means for obtaining from the
selected image part at least one region included in the second region and
including the first region and means for displaying the region obtained in said

window.
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The invention also proposes a device for displaying an image at
plural resolutions based on hierarchical encoded data representing said image,
comprising first displaying means for controlling display of at least a part of the
image at a first resolution, including storing means for storing image data used
for displaying said part at the first resolution; second displaying means for
controlling subsequent display of at least a part of the image, at a second
resolution higher than the first resolution; and third displaying means for
controlling subsequent display of at least a part of the image, at a third
resolution lower than the second resolution, the part displayed by the third
displaying means including the part displayed by the second displaying means,
including means for determining a position of the part displayed by the third
displaying means, irrespective of the position of the part displayed by the
second displaying means within the part displayed by the third displaying
means, so that the part is displayed by the third displaying means by using data
from the storing means.

These devices may have features corresponding to the features of
the method referred to above and the similar advantages deriving therefrom.

The invention further provides a means for storing data comprising
computer program code instructions for the execution of the steps of the
method described above.

Finally the invention provides a computer program containing
instructions such that, when said program controls a programmable data
processing device, said instructions cause said data processing device to
implement the method described above.

Other features and advantages of the invention will appear in the
light of the following description, made with reference to the accompanying
drawings in which:

- Figure 1 represents an example of a device implementing the
invention;

- Figure 2 represents regions of the digital image stored in the form of
bitmaps;
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- Figure 3 represents the regions of Figure 2 to scale and
superposed;

- Figure 4 represents an example algorithm for performing a zoom
out in accordance with the teachings of the invention;

- Figure 5 represents an example algorithm for implementing step
S406 of Figure 4;

- Figure 6 illustrates the choice made in certain cases of a region
centered on the initial region;

- Figure 7 shows possible examples of extraction and enlargement of
image parts for displaying intermediate views; and

- Figure 8 represents an example algorithm for implementing step
S410 of Figure 4.

According to the embodiment represented in Figure 1, a device
implementing the invention is for example a microcomputer 10 connected to
different peripherals, for example a digital camera 107 (or a scanner, or any
image acquisition or storage means) connected to a graphics card supplying
information to be processed according to the invention.

The device 10 comprises a communication interface 112 connected
to a network 113 adapted to send digital data.

The device 10 also comprises a storage means 108 such as a hard
disk. It also comprises a diskette drive 109. The diskette 110 like the disk 108
may contain data used in the invention as well as the code of the invention
which, once read by the device 10, will be stored for example in the hard disk
108, then in a random access memory 103, mentioned below, for execution.

According to a variant, the program enabling the device to implement
the invention can be stored in read only memory 102 (referred to as ROM in the
drawing).

In a second variant, the program can be received in order to be
stored in an identical manner to that described previously via the
communication network 113.

The device 10 is connected to a microphone 111 via an input/output
card 106.
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The same device 10 has a screen 104 making it possible to view the
regions or parts of the digital image to display and to serve as an interface with
the user who will this be able to navigate in the digital image, on the basis of
instructions from him sent to the device 10 using the keyboard 114 or any other
means (a mouse for example).

The central processing unit 100 (referred to as CPU in the drawing)
will execute the instructions relating to the implementation of the invention,
which are stored as previously indicated in the read only memory (or ROM) 102
or in the other storage means.

Thus, on powering up, the decompression programs stored in a non-
volatile memory, for example the read only memory 102, are transferred into the
random access memory (or RAM) 103, which will then contain the executable
code of the invention as well as registers for storing the variables necessary for
implementing the invention.

Naturally, the diskettes may be replaced by any form of information
carrier such as CD-ROM, or memory card. In more general terms, an
information storage means, which can be read by a computer or
microprocessor, integrated or not into the device, and which may possibly be
removable, stores a program implementing the method according to the
invention.

The communication bus 101 affords communication between the
different elements included in the microcomputer 10 or connected to it. The
representation of the bus 101 is not limiting and, in particular, the central
processing unit 100 is able to communicate instructions to any element of the
microcomputer 10 directly or via another element of the microcomputer 10.

Figure 2 gives a representation of the different bitmaps stored in
memory (i.e. stored for example in the random access memory 103 or as a
variant on the hard disk 108) at a step of a method of navigation in a digital
image at which a relatively good resolution (here a resolution R=3) has been
achieved, for example by means of zooms in.

The rectangles in full line of Figure 2 represent the digital image at
the different resolution levels considered (i.e. from R=0 to R=3). The size of the
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rectangles in full line increases with the resolution to represent the increase in
the number of pixels, and thus of the quantity of data, representing the digital
image according to the resolution.

For each resolution level, a rectangle in dashed line represents the
region of the digital image displayed at the time of the last viewing at the
resolution level concerned. The rectangle in dashed line thus also represents
the part of the digital image for which the displayable data have been
generated, and then stored, here in bitmap form (with the reference "bitmap [R]"
to designate the region displayed and stored in bitmap form at a resolution level
R).

More particularly, the method provided by the invention, and
implemented for example by the central processing unit 100, stores in memory
(for example in the random access memory 103 or on the hard disk 108), at
each change of resolution, the bitmap bitmap [R] which describes the last
region displayed in the resolution R before the change of resolution.

Thus data immediately displayable without decoding or downloading,
such as bitmaps, are stored locally (for example in the random access memory
103 or on the hard disk 108), for each resolution level R encountered during the
navigation in the digital image.

As a variant, storage could be made only of a predetermined number
of bitmaps, for example the bitmap corresponding to the lowest resolution level
as well as the last bitmaps encountered, but in a limited number.

It may furthermore be noted that, in the example described here, the
bitrhaps relative to the different resolutions all occupy the same size in memory,
except in the case of the lowest resolution R=0, for which the set of data does
not occupy the whole of the display window. This size generally corresponds to
the storage size of the image actually displayed on the screen. It is because of
this anyway that, in Figure 2, the rectangles in dotted lines representing the
regions displayed during the navigation all have the same dimensions.

Before performing the zoom out as it is described below, it is
supposed that what is being viewed is the region designated in Figure 2 by the
reference display_zone at the resolution R=3 of the digital image.



10

15

20

25

30

WO 2006/085223 PCT/IB2006/000566
10

Although not explicitly stated in Figure 2, the bitmap which describes
the region display_zone displayed before the zoom out may be stored in
memory. However, as this bitmap "bitmap [3]" is not used in the following
portion of the description, this notation has been omitted from the drawings.

In order to clarify the following description of the invention, Figure 3
represents the displayed region display_zone before zoom out in dashed lines
and the regions for which a bitmap has been stored in dotted lines.

In this representation, the digital image is represented in full line and
the dimension of the regions represented in dashed and dotted lines (displayed
region and regions for which bitmaps are stored) corresponds to the dimension
of those regions with respect to the image (and not the quantity of data stored
as was the case in Figure 2).

In the example described here, an increase in the resolution level by
a unit corresponds to a multiplication by two of the number of points defining the
image (or pixels) in each dimension. It is thus easy to bring a bitmap at a
resolution k to a higher resolution level R by enlarging'the bitmap by a factor of
27K,

Figure 4 represents the main steps of a method of zoom out
performed in accordance with the teachings of the invention.

As this is represented at step S402, it is bonsidered as already stated
that the display screen displays the region display_zone of the digital image,
which corresponds to a resolution level R (second resolution as termed in some
claims).

At this step of the navigation, the user has already run through the
digital image (i.e. a part of the image has been displayed) at lower (first)
resolutions (in particular r=0,1 and 2), for each of which a bitmap bitmap [r] has
been stored locally as indicated above.

At step S404, the user requests a zoom out to be performed, that is
to say in practice the display of a region of the digital image which surrounds
and contains the previously displayed region display_zone.

To meet that user request, the method searches at step S406 for the
bitmap bitmap [k] which describes a region which includes the displayed region
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display_zone and surrounds it, with the best possible resolution (which will be
denoted in what follows by k).

In more technical terms, this search consists of determining the
greatest number r (third resolution) for which a bitmap bitmap [r] has been
previously stored and describes a region of the digital image which includes
(strictly) the displayed region display zone, this maximum resolution being
denoted k.

In mathematical terms, the following could be written

k=max {r| zone (bitmap [R]) = 27" * zone (bitmap [1])},

where zone (bitmap [r]) represents the region of the digital image
described by the bitmap bitmap [r].

It may be noted that the bitmap "bitmap [K]" is chosen at step S406
on the sole criteria of a maximum resolution k and of including the previously
displayed region display_zone, without taking into account the position of the
previously displayed region display_zone in the region represented by the
selected bitmap bitmap [K].

At step S406 the region to display at the end of the zoom out (or
target region) final_zone is also determined on the basis of the result of the
determination of the bitmap bitmap [K] as will be described in detail in Figure 5.

It is important to note that the final region displayed final_zone (or
target region of the zoom out) is not determined before the step of searching for
a bitmap describing that region, but that its choice arises on the contrary from
the selected bitmap.

As described in more detail in Figure 5, in the case in which the
(third) resolution level k is immediately less than the (second) resolution level R
before zoom out (i.e. k=R-1), it is advantageous to choose as target region
final_zone the region described by the bitmap bitmap [k] corresponding to the
resolution level R-1, which will give the best reproduction for the intermediate
views of the zoom out as described below.

It is however necessary to note that the choice of a bitmap of
resolution immediately below the resolution R of the initially displayed region
display_zone (as is for example the case in the favorable situation represented
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in Figure 3) is not always possible, for example when the steps of navigation
performed by the user in the resolution R (R=3 in Figure 3) have displaced the
initially displayed region display_zone outside that described by the bitmap
bitmap[R-1] : this is because the latter bitmap is no longer capable of providing
information on the regions of the digital image surrounding the displayed region
display_zone on the basis of which the zoom out is performed. In these
unfavorable cases, a bitmap of lower resolution must be used (i.e. of resolution
R-2 or less) as described in detail below with reference to Figure 5.

When the bitmap bitmap [k] of maximum resolution k which describes
a region including the initially displayed region display_zone has been selected
and the target region final_zone to display at the end of zoom out has been
determined, step S408 is proceeded to at which it is verified that step S406 has
been performed with success, i.e. that it has been possible to select one of the
stored bitmaps.

In the negative, step S412 described below is proceeded to using as
target region final_zone the region of resolution R-1 centered on the initial
region display_zone.

' In the affirmative (in response to the test of step S408) step S410 of
calculating and displaying intermediate views is proceeded to, which views
enable the user to be given the impression of a zoom out, as is described in
more detail with reference to Figures 7 and 8.

The calculation of the intermediate views which have just been
mentioned uses the bitmap bitmap [K] selected at step S406 as is apparent from
the method of calculating those intermediate views detailed below.

Step S412 is then proceeded to at which decoding is performed of
the encoded data which describe the digital image in the target region
final_zone, received, for example, by downloading from a remote server by
means of the communication interface 112.

According to one embodiment that is particularly practical, the
encoded data are in accordance with the JPEG2000 standard. This is because,
this format is a muiti-resolution format which is hierarchical with respect to
quality and which enables access for decoding to any part of the image.
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This format is all the more adapted to the context of the invention in
that it can be used in the context of the JPIP protocol which enables the
selective transmission of parts of the JPEG2000 image over a network.

As the target region final_zone is the final image of a zoom out from
the region display_zone of resolution R, it can be understood that the target
region final_zone is decoded and displayed with a resolution level R-1.

At step S414 the display of the target region final_zone is performed
using the decoded data obtained at the preceding step S412.

Preferably, step S412 of decoding data relative to the target region
final_zone and step S414 of displaying the target region final_zone on the basis
of the decoded data are performed even in the case in which the bitmap bitmap
[K] selected at step S406 is the bitmap stored for the resolution R-1 (i.e. in the
case in which k=R-1), in order to make sure that the data used for the final
display of the target region final_zone are the most recent data for describing
that region of the digital image (this is for example important in the case in
which the downloading of the encoded data representing the digital image takes
place in the background of the process of decoding and displaying described
here by means of successive layers as in the case of images in JPEG2000
format and of the JPIP protocol).

The display of the target region final_zone on the basis of the
decoded data terminates the zoom out method, as represented in step S416.

Figure 5 presents an example of a method implementing steps S406
and S408 described above.

The method represented in Figure 5 commences with a step S50 at
which an integer index k is initialized with the value R - 1. Next k is compared to
0 (step S51), and if k < 0, the algorithm terminates (this is in fact a case in which
step S408 described earlier leads to step S412). This means that the currently
displayed resolution level R is the level 0, and no zoom out is possible in that
case, or else that no stored bitmap fulfills the criterion of selection of step S52.

In the opposite case, the algorithm continues with the comparison
between the coordinates of the initially displayed region display_zone and those
of the bitmap bitmap/k] brought to the current resolution level R (step S52). As
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indicated earlier, a bitmap of resolution k is brought to a resolution level R by
means of an enlargement by 2** hence the appearance of this factor in the
formulae. This enlargement is performed in practice by means of an
oversampling, which may possibly be coupled with a low-pass filtering
operation. It may further be noted that at a given resolution level, to define a
region or part of the digital image, use is made of:

- the number of pixels at that resolution separating the left edge of
the region considered from the left edge of the digital image: zone.lefft;

- the number of pixels at that resolution separating the top edge of
the region considered from the top edge of the digital image: zone.top;

- the number of pixels at that resolution separating the right edge of
the region considered from the left edge of the digital image: zone.right;

- the number of pixels at that resolution separating the bottom edge
of the region considered from the top edge of the digital image: zone.botfom.

If the comparison of the coordinates indicates that the currently
displayed region display_zone is spatially included in the rectangle delimiting
the bitmap bitmap[k] x 2Rk (which circumscribes the region of the digital image
described by the bitmap bitmap/[k]), then the bitmap bitmap[k] is adapted to be
used for the continuous zoom out. The index k then represents the resolution
level of the stored bitmap selected for the continuous zoom out and will thus be
used for the extraction (i.e. in general terms their obtainment) and the display of
the intermediate views (step S410 and algorithm of Figure 7).

If the test conducted is negative, k is decremented (step S53) and
the start of the algorithm is resumed starting with the step of comparing k with 0
(step S51). If k is negative despite R>0, this means that none of the bitmaps
previously stored meets the criterion of step S52. The zoom out cannot then be
performed in continuous manner, as the intermediate images cannot be
constructed. The zoom out is terminated by passing on to step S412 as already
stated.

In case a stored bitmap has been selected (test S52 positive), the
algorithm continues with the calculation of the coordinates of the image portion
of the resolution level R-1 which will be displayed at the end of the zoom out.
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For this, k is compared to R—7 (step S54).

If these values are equal, the bitmap used is that of the resolution
level directly below the initial level R. Moreover, the process for storage of the
bitmaps described earlier is such that all the bitmaps stored are of the same
size, that is to say the size of the display space on the screen. Consequently,
the coordinates of the region final_zone which will be displayed at the end of the
continuous zoom out will necessarily be identical to those of the bitmap
bitmap[k] = bitmap[R-1]. In this case, coordinates are thus given to the region
final_zone that are equal to those of the region described by the bitmap
bitmap[R-1] (step S55).

in the opposite case, it is attempted to perform a zoom out centered
on the middle of the initially displayed region display_zone, if that is possible.
This is because the size of the bitmap bitmap [k], enlarged by a factor 2Fk with
R-k>2, is equal to at least four times the size of the initially displayed image
display_zone. Consequently, the same bitmap bitmap[k], enlarged by a factor
2R1¥ s of size equal to at least twice the size of the initially displayed image
display_zone, and to at least twice the size of the target region final_zone.
Consequently, if the initially displayed display_zone is sufficiently far from the
edges of the bitmap bitmap[k] enlarged by a factor 2R it is then possible to
perform the zoom out centered with respect to the middle of the initially
displayed image display_zone. This gives rise to the following calculation for
the coordinates of the target region final_zone :

( final _zoneleft
— min(bitmaplk |right x 285 — width, max(O, display _ zone.lefi /2 — width/ 4))

final _zonetop

— AL

= min(bitmapl|k|bottom x 2*7% — height, max (O, display _ zone.top /2 — height | 4))
final _zoneright = final _ zone.left + width
\final _ zonebottom = final _ zone.top + height

where the physical quantities width and height respectively designate the width
and the height of the initially displayed region display_zone.

Feature 6 illustrates the favorable case in which the initially displayed
region display_zone is sufficiently within the bitmap bitmap[k] enlarged by a
factor 2 to be able to perform the zoom out centered on the middle of the
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initial region display_zone. This is because the multiplication by two of the
coordinates of the initially displayed region display_zone provides a rectangle
which remains within the bitmap bitmap[k], enlarged by a factor 2Rk,

In this case the continuous zoom out can be performed centered on
the middle of the initial region display_zone.

Once the coordinates have been calculated of the destination region
(target region) final_zone in the resolution level R-1, it is possible to proceed to
step S410 of calculating and displaying the intermediate views by means of the
selected bitmap bitmap [K].

Figure 7 illustrates the mechanism implemented for generating the
intermediate views to display successively to play the continuous zoom out. The
case is taken for example in which the bitmap which has been selected is that
of the resolution level directly below the initial resolution level, i.e. k= R-1.

On the left of Figure 7 there is represented the region display_zone
of the digital image initially displayed with the resolution level R. On the right of
Figure 7 there is represented the region of the image delimiting the selected
bitmap bitmap[k] of resolution level k.

To generate an intermediate view (or image) of the continuous zoom
out, a portion of the bitmap bitmap[k] is extracted, and an enlargement is
applied to it (for example by oversampling) such that its size after enlargement
is equal to the size of the display region (size of the region display_zone).

The first portion extracted from the bitmap bitmap[k] spatially
corresponds to the projection of the initially displayed region display_zone in the
resolution level k. Its coordinates with respect to the origin (top left corner) of
the bitmap bitmapl[k] in the resolution level k are thus given by the following
expressions:

extracted _zoneleft = display _zoneleft x 2~*™® — bitmap[k]left
extracted _zonetop = display _zonetop x 2% — bitmap[k]top
extracted _zone.right = display _ zone.right x 270 _ bitmap[k).right

extracted _zonebottom = display _ zonebottom x 2% — bitmap[k].bottom

The enlargement factor applied to any extracted portion of bitmap[k]
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display _zonewidth _ display _zone.height

(1) , where the width of

extracted _zone.width ~ extracted _ zone.height

a region is denoted zone.width and its height zone.height.

In the case of the first extracted portion, this ratio is equal to 2Rk,

Once this first portion has been displayed, a new portion to extract
from the bitmap bitmap[k] is calculated. As illustrated in Figure 7, this new
portion spatially surrounds the preceding one, and its enlargement factor is
slightly less, such that its enlarged version has an identical size to that of
display_zone.

The successive portions extracted are determined by making the four
corners of the first extracted portion advance along the four arrows drawn in
dashed lines in Figure 7. These four arrows are determined by the differences
in coordinates between the first extracted image and the coordinates of the final
region to display final_zone (or target region, provided by the algorithm of
Figure 5), brought to the resolution level k.

These differences are given by:

dl = display _zoneleft x 27" — final _zoneleft
dt = display _zonetop x 2™ — final _zonetop

(2)

dr = display _zone.right x 27 — final _zone.right
db = display _zonebottom x 2™ — final _ zone.bottom
These parameters are illustrated in Figure 7 and represent the
displacements, respectively to the left, the top, the right and the bottom, to go
through between the first portion to extract and the last portion to extract. For
this, a floating parameter % is made to vary from 0.00 to 1.00. For each value of
A, the rectangular portion is extracted corresponding to displacements,
respectively to the left, the top, the right and the bottom, by A x dl, A x dt, A x dr
and A x db. In other words, a rectangular portion extracted_zone is extracted

from the bitmap bitmap[k], of which the coordinates with respect to the origin of
that bitmap are given by:
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extracted _ zoneleft = (final _ zoneleft + A x dl) x 270 _ bitmap[k]left

@3) extracted _ zonetop =(final _zonetop + A x dt) X 27BE) _ bitmap[k] top
extracted _zoneright = (final _zoneright + A x dr) x 270 _ pitmap[k]right
extracted _zonebottom=(final _zonebottom + A x db) x 2% — bitmap[k]bottom.

For each portion so extracted, an enlargement by a ratio given by
equation (1) is applied to it and the result of that enlargement is displayed on
the screen.

Figure 8 describes an algorithm example for production of the
intermediate views of continuous zoom out. The inputs to this algorithm are the
following:

- the initial resolution level R;

- the region initially displayed on the screen display_zone at that
resolution level R,

- the selected bitmap bitmap[k] used to form the intermediate views
of the continuous zoom out.

First of all, the parameters of displacement between the first and the
last portion of bitmap to extract are calculated (step S80), in accordance with
equation (2) above.

Next, the parameter A, making it possible, during the continuous
zoom out, to calculate the displacement between the first extracted portion of
bitmap[k] and the current portion to extract, is initialized to the value 1 (step
S82).

The following portion of the algorithm consists of extracting from the
selected bitmap bitmap[k] the rectangular image portion of which the
coordinates are presented in Figure 7 and provided by equation 3 (step S84).

This extracted image portion exfracted _zone next undergoes an
enlargement (step S86) so as to make it of identical size, in width and height, to
the initial region display _zone (i.e. to the size of the display). The scaling factor
is given by equation (1).

Finally, the image portion extracted_zone so extracted and enlarged
is displayed on the screen 104 (step S88).
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The following portion of the algorithm provides for reducing A, for
example by a constant value, by 0.02 in this specific embodiment of the
invention (step S90). The parameter A is next compared to O (step S92). If it is
greater than or equal to 0, the algorithm loops on step S84 of extracting the next
intermediate image to generate. Otherwise, the algorithm for extracting and
displaying intermediate views terminates and the overall algorithm of Figure 4
then proceeds with the decoding (step S412) and display (step S414) of the
image region final_zone of the digital image (here JPEG2000) in the resolution
level R-1, thus finishing the zoom out process.

The embodiment which has just been described with its possible

variants only represents examples of implementation of the invention.
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CLAIMS

1. A method of modifying the region displayed in a window of
predetermined size within a digital image represented by several resolution
levels, between a first region (display_zone) of the digital image displayed at a
first resolution (R) and a second region (final_zone) of the digital image
including the first region (display_zone) and different from it, characterized in
that it comprises the steps of:

- selecting (S406), from the stored image parts (bitmap[r]) including
the first region (display_zone), a stored image part (bitmap/[k]) with a second
resolution (k) that is the maximum among the resolutions of said parts, and less
than the first resolution (R);

- obtaining (S84, SE86) from the selected image part (bitmap[k]) at
least one region included in the second region (final_zone) and including the
first region (display_zone),

- displaying (S88) the region obtained in said window.

2. A method according to claim 1, characterized in that it comprises a
step of determining (S406 ; S55, S56) the second region (final_zone) on the
basis of the selected image part (bitmap[k]).

3. A method according to claim 2, characterized in that the
determining step comprises a step of defining (S55) the selected image part
(bitmap[k]) as second region (final_zone).

4. A method according to claim 3, characterized in that, the resolution
(R-1) of the second region (final_zone) being determined on the basis of the
resolution (R) of the first region (display_zone), the defining step is implemented
when said maximum resolution (k) is equal to the resolution of the second
region (R-1).
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5. A method according to one of claims 2 to 4, characterized in that,
the resolution (R-1) of the second region (final_zone) being determined on the
basis of the resolution (R) of the first region (display_zone), the determining
step comprises a step of defining a region centered on the first region
(display_zone) as second region (final_zone) when said maximum resolution (k)

is strictly less than the resolution (R-1) of the second region (final_zone).

6. A method according to one of claims 2 to 4, characterized in that,
the resolution (R-1) of the second region (final_zone) being determined on the
basis of the resolution (R) of the first region (display_zone), the determining
step comprises a step of defining a region centered on a point of the first region
(display_zone) indicated by the user as second region when said maximum
resolution (k) is strictly less than the resolution (R-1) of the second region

(final_zone).

7. A method according to one of claims 1 to 6, characterized in that,
the obtaining step comprising the obtainment of a plurality of regions included in
the second region (final_zone) and including the first region (display_zone), it

comprises a successive display of the plurality of regions obtained.

8. A method according to any one of claims 1 to 7, characterized in
that the obtaining step comprises a step of over-sampling by a specific factor.

9. A method according to one of claims 1 to 8, characterized in that

the digital image is represented at each resolution level in an encoded format.

10. A method according to claim 9, characterized in that said stored
parts of the image (bitmap/r]) result from a prior step of decoding in accordance
with said format.

11. A method according to one of claims 1 to 10, characterized in
that it comprises the steps of:
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- decoding (S412) data relative to the second region (final_zone);
- on the basis of the decoded data, displaying (S414) the second

region after the display of the region obtained.

12. A method according to one of claims 1 to 11, characterized in
that the image parts (bitmap[r]) are stored in the form of bitmaps.

13. A method according to one of claims 1 to 12, characterized in
that the stored image parts (bitmap[r]) are stored locally.

14. A method of displaying an image at plural resolutions based on
hierarchical encoded data representing said image, comprising:

a first displaying step for displaying at least a part of the image at a
first resolution, image data used for displaying said part at the first resolution
being stored;

‘a second displaying step for displaying at least a part of the image, at
a second resolution higher than the first resolution, after the first displaying step;
and

a third displaying step for displaying at least a part of the image, at a
third resolution lower than the second resolution, after the second displaying
step, the part displayed in the third displaying step including the part displayed
in the second displaying step,

wherein a position of the part displayed in the third displaying step is
determined, irrespective of the position of the part displayed in the second
displaying step within the part displayed in the third displaying step, so that the
part is displayed in the third displaying step by using the stored image data.

15. A device adapted to modify the region displayed in a window of
predetermined size within a digital image represented by several resolution
levels, between a first region (display_zone) of the digital image displayed at a
first resolution (R) and a second region (final_zone) of the digital image
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including the first region (display_zone) and different from it, characterized in
that it comprises:

- means for selecting, from the stored image parts (bitmap[r])
including the first region (display_zone), a stored image part (bitmap[k]) with a
second resolution (k) that is the maximum among the resolutions of said parts,
and less than the first resolution;

- means for obtaining from the selected image part (bitmap[k]) at
least one region included in the second region (final_zone) and including the
first region (display_zone),

- means for displaying the region obtained in said window.

16. A device according to claim 15, characterized in that it comprises
means for determining the second region (final_zone) on the basis of the
selected image part (bitmap/[k]).

17. A device according to claim 16, characterized in that the
determining means comprise means for defining the selected image part
(bitmap[k]) as second region (final_zone).

18. A device according to claim 17, characterized in that, the
resolution (R-1) of the second region (final_zone) being determined on the basis
of the resolution (R) of the first region (display_zone), the means for defining the
selected image part (bitmap[k]) as second region (final_zone) operate when
said maximum resolution (k) is equal to the resolution (R-1) of the second
region (final_zone).

19. A device according to one of claims 16 to 18, characterized in
that, the resolution (R-1) of the second region (final_zone) being determined on
the basis of the resolution (R) of the first region (display_zone), the determining
means comprise means for defining a region centered on the first region
(display_zone) as second region (final_zone) when said maximum resolution (k)

is strictly less than the resolution (R-1) of the second region (final_zone).
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20. A device according to one of claims 16 to 18, characterized in
that, the resolution (R-1) of the second region (final_zone) being determined on
the basis of the resolution (R) of the first region (display_zone), the determining
means comprise means for defining a region centered on a point of the first
region (display_zone) indicated by the user as second region (final_zone) when
said maximum resolution (k) is strictly less than the resolution (R-1) of the
second region (final_zone).

21. A device according to one of claims 15 to 20, characterized in
that it comprises:

- means for decoding data relative to the second region (final_zone);

- means for displaying, on the basis of the decoded data, the second
region (final_zone) after the display of the region obtained.

22. A device according to one of claims 15 to 21, characterized in
that the stored image parts (bitmap[r]) are bitmaps.

23. A device according to one of claims 15 to 22, characterized in
that it comprises means for local storage (103, 108) of the stored image parts
(bitmapl|r]).

24. A device for displaying an image at plural resolutions based on
hierarchical encoded data representing said image, comprising:

first displaying means for controlling display of at least a part of the
image at a first resolution, including storing means for storing image data used
for displaying said part at the first resolution;

second displaying means for controlling subsequent display of at
least a part of the image, at a second resolution higher than the first resolution,
and

third displaying means for controlling subsequent display of at least a
part of the image, at a third resolution lower than the second resolution, the part
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displayed by the third displaying means including the part displayed by the
second displaying means, including means for determining a position of the part
displayed by the third displaying means, irrespective of the position of the part
displayed by the second displaying means within the part displayed by the third
displaying means, so that the part is displayed by the third displaying means by
using data from the storing means.

25. A data storage means comprising computer program code
instructions for executing the steps of a method according to one of claims 1 to
14.

26. A computer program, containing instructions such that, when said
program controls a programmable data processing device, said instructions
cause said data processing device to implement a method according to one of
claims 1 to 14.
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