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(57) Abstract

In a method and a system for encoding and transmission of still images having at least one region of
interest (ROI), the ROI coefficients of an image transformed into the frequency domain, preferably using a wavelet ]
transform are encoded so that they are transmitted first and can be decoded by a receiver without transmission
of the boundary of the ROL In a preferred embodiment the coefficients belonging to the ROI are shifted so that
the minimum ROI coefficient is larger than the largest background coefficient. A receiver can then perform an
opposite procedure and thereby obtain the ROL. By specifying how much the coefficients need to be shifted in {
order to avoid sending shape information several advantages are achieved. Thus, it is possible to avoid sending
shape information and to avoid shape encoding at encoder side. Furthermore, there is no need for a shape decoder
at receiver side, and there is no need for the receiver to produce the ROI mask. Also, in another preferred l
embodiment, the shifting (or scaling operations) required at encoder and decoder are also avoided.
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A METHOD AND A SYSTEM FOR CODING ROIs
TECHNICAL FIELD
The present invention relates to a method and a system for
coding of Region of interest (ROI) in still image coding
schemes. The method and the system are particularly well suited
for use in the JPEG 2000 standard and other wavelet based coders

(as in MPEG 4) for still image compression.

BACKGROUND OF THE INVENTION AND PRIOR ART

In the JPEG 2000 standard there is support for the encoding of
various parts of the image at various bitrates. A region encoded
at a higher bit rate than the other parts of the image is
considered a Region of Interest (ROI). Encoding of images with
Regions of Interest has been a key issue in recent years. The
JPEG 2000 standard under development has addressed the issue of
efficient encoding of ROI's, see Charilaos Christopoulos
(editor), ISO/IEC JTC1/SC29/WG1l N988 JPEG 2000 Verification
Model Version 2.0/2.1., October 5, 1998. One of the modes for
ROI coding in the JPEG 2000 verification model (VM) is called
"scaling based method". In this method, the ROI coefficients are
scaled up (basically shifted up), so that they are coded first
during the encoding process. This gives the ability to see the
important parts of the image at earlier stages of the
transmission. The method increases slightly the bitrate for
lossless coding of the image compared to not shifting the
coefficients at all, but gives the ability of fast viewing of
the important elements of the image, i.e. the ROI's.

In JPEG 2000 the transformed images are encoded bitplane wise.
This means that the information about high transform
coefficients will be placed earlier in the bit stream than the
rest of the information. The current "scaling based coding
method" for ROI coding is based on this fact. The coefficients
corresponding to the ROI are upshifted prior to arithmetically
encoding them. This means that information for these
coefficients will be transmitted earlier in the bitstream than
it would have without the shifting. At the early stages of the
transmission, the ROI will be reconstructed with better quality
than the BG. The whole overation is progressive bv resolution or

SUBSTITUTE SHEET (RULE 26)
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by quality.

Furthermore, E. Atsumi and N. Farvardin, "Lossy/lossless
region-of-interest coding based on set partitioning in
hierarchical trees", Proceedings of IEEE International
Conference on Image Processing (ICIP-98), Chicago, Illinois,
USA, October 4-7, 1998, describes the general idea of the
scaling based coding method. In addition, encoding of ROI’s is
disclosed in US 5,563,960, Oct. 8, 1996, although the ROI coding
method described only performs scaling of the image data and not

of the coefficients.

Using the methods as described above when encoding an image at
various bitrates, information about what parts of the image
should be encoded at what bit rate need be available to the
encoder. Whereas the ROI might easily be described in the
spatial domain, it will be more complicated in the transform
domain. So far the information about the ROI shape must be
available to the encoder and the decoder, thus it requires extra
bits in addition to the bits representing the texture
information. Moreover, a shape encoder is required (at the
transmitter) and a shape decoder (at the receiver), making the
whole system more complex and expensive to implement. The
decoder has also to produce the ROI mask, i.e. it has to define
which are the coefficients needed for the reconstruction of the
ROI, see Charilaos Christopoulos (editor), ISO/IEC JTC1l/SC29/WG1
N988 JPEG 2000 Verification Model Version 2.0/2.1., October 5,
1998, and this adds to the computational complexity and memory
requirements of the receiver, which should be as simple as

possible.

The currently used method to solve these problems is to include
the description of the ROI in the spatial domain, in the
bitstream. The necessary mask of ROI coefficients (ROI mask) for
the transform domain is then created in both the encoder and the
decoder, see for example Charilaos Christopoulos (editor),
ISO/IEC JTC1/SC29/WG1l N988 JPEG 2000 Verification Model Version
2.0/2.1., October 5, 1998. The encoder encodes the shape
information and the encoded bitstream with the shape information
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is added to the total bitstream and transmitted to the receiver.
The receiver from the shape information decodes the shape, makes
the ROI mask and then decodes the texture information of the

image.

In the case where the ROI shape is simple (for example rectangle
or circle) the shape information is not requiring many bits.
However, even in these simple cases, the receiver has to produce
the ROI mask, which means that the receiver requires memory as
large as the whole image (but of 1 bit/pixel) and has a certain
computational complexity (since the creation of the mask is
similar to doing a wavelet transform). For a complex ROI this
means that a lot of information need be transmitted between
encoder and decoder and computational complexity becomes an
issue. The additional overhead for shape information is

significant, particularly for low bitrates.

Also, the co-pending Swedish Patent Applications 9703690-9 and
9800088-8 describe a method in which both encoder and decoder
needs to use and to define the ROI mask, i.e. to find which

coefficients belong to the ROI or are needed for the ROI.

SUMMARY
It is an object of the present invention to provide a method and
a system whereby no shape information needs to be transmitted in

an ROI coding scheme.

This object is obtained by a method and a system wherein the ROI
coefficients are encoded so that they are transmitted first and
can be decoded by a receiver without transmission of the
boundary of the ROI.

In a preferred embodiment the coefficients belonging to the ROI
are shifted so that the minimum ROI coefficient is larger than

the largest background coefficient. A receiver can then perform
an opposite procedure and thereby obtain the ROI.

By specifying how much the coefficients needs to be shifted in
order to avoid sending shape information several advantages are
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is possible to avoid sending shape

avoid shape encoding at encoder side.

is no need for a shape decoder at receiver
no need for the receiver to produce the ROI

Also, in another preferred embodiment the shifting (or scaling

operations) required at encoder and decoder are also avoided.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will now be described in more detail and

with reference to the accompanying drawings, in which:

- Fig. 1 is a flow

chart illustrating the steps carried out at

an encoder according to a first embodiment.

- Fig. 2 is a flow

chart illustrating the steps carried out at

an encoder according to a second embodiment.

- Fig. 3 is a flow

chart illustrating the steps carried out at

an encoder according to a third embodiment.

- Fig. 4 is a flow

chart illustrating the steps carried out at a

decoder according to the first and second embodiment.

- Fig. 5 is a flow

chart illustrating the steps carried out at a

decoder according to the third embodiment.

- Fig. 6 is a flow

chart illustrating the steps carried out at

an encoder according to a fourth embodiment.

- Fig. 7 is a flow

chart illustrating the steps carried out at a

decoder according to the fourth embodiment.

- Fig. 8 is an illustration of a bitstream syntax used.

- Fig. 9 is an illustration of an alternative bitstream syntax.

DETAILED DESCRIPTION
In Fig. 1, a flow chart illustrating the steps carried out at an

encoder according to a first embodiment is shown. Thus, first in

a step 101 an input image is received and its Region of Interest

(ROI) is specified.

Next, in a step 103, the required bitrate or

quality for the ROI and the Background (BG) is received.

Thereupon, the image is transformed into wavelet domain, step

105. Next an ROI mask is calculated for example using the method

described in Charilaos Christopoulos(editor), ISO/IEC

JTC1/SC29 /WGl N988

JPEG 2000 Verification Model Version
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2.0/2.1., October 5, 1998, step 107.

Thereupon, the maximum wavelet coefficient(s) (MAX_ Coeff) in the
BG or the whole image are obtained, step 109. All coefficients
in the ROI mask are then shifted so much that the minimum
coefficient in the ROI mask is larger than the MAX coeff, step.
111. The image is then entropy coded until the ROI quality or
bitrate and BG quality or bitrate specified in step 103 is
achieved, step 113.

Next, the shifting value is added in the bitstream so that the
decoder can find and read it, step 115. This is required for the
decoder, since the decoder needs to know how much will the
coefficients be down-shifted. Next, the number of bytes which
were needed for encoding the coefficients in the ROI mask are
added, step 117. The result in step 117 is used as output from
the encoder, step 119.

If the shifting value is selected so that the minimum
coefficients in the ROI mask is larger than the maximum
coefficient in the BG, then during encoding only ROI
coefficients will be coded, until the BG coefficients become
significant. At that stage, all ROI coefficients have been coded
and have to downshifted at the receiver, while the remaining
coefficients correspond to the BG and need not to be
downshifted. The receiver needs to know the number of bytes (or
bits) which correspond to full coding of the ROI coefficients
(i.e. at the point where the first BG coefficients starts to be
coded). This information is put in the bitstream header and

extracted from the receiver.

As an example, assume that the ROI coefficients are shifted left
8 times (i.e. multiply each ROI coefficients by 2% and that all
ROI coefficients then become larger than the largest BG
coefficient. Then encoding starts and when all ROI coefficients
are coded, the shifting value and the number of bytes needed for
the ROI coefficients (Nbytes ROI) is put in the bitstream
header. The encoding continues as usual. The decoder gets the
bitstream and starts decoding. When the decoder decodes certain
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number of bytes which are less that the Nbytes ROI, it shifts
each coefficient down.

It should be noted that there are BG coefficients reconstructed
which are zero since they were not coded at this stage and they
will be shifted down since the decoder doesn’t know anything
about this. Up to when the number of bytes received is equal to
Nbytes ROI, then all coefficients are shifted down at the
receiver. After this stage, no coefficients is shifted down.
Notice here that the ROI coefficients are no longer updated

since they are zero coded.

Using this method, the decoder doesn’t need any shape
information. The decoder doesn’t need to know which coefficients
correspond to an ROI, since it will be shifting down all
coefficients, i.e. BG coefficients will be zero till all ROI
coefficients are coded. The decoder doesn’t need to produce any
ROI mask, making the coding scheme even simpler. The only thing
that the decoder needs to do is the downshifting of the received
ROI coefficients.

In Fig. 2, a flow chart illustrating the steps carried out in a
second embodiment of an encoder is shown. The flow chart in Fig.
2 is identical to the flow chart in Fig. 1 except for that the
maximum quantized coefficients are obtained and shifted in the

steps 109 and 111 as is shown in the steps 209 and 211.

Using the method and encoder according to the second embodiment,
less memory is needed for storing the shifted coefficients,
because the quantized coefficients are smaller than the initial
coefficients.

In Fig. 3, a flow chart illustrating the steps carried out in a
third embodiment of an encoder is shown. The flow chart in Fig.

3 differs from the flow charts in Fig. 1 and Fig. 2 in that the
number of bytes which were needed for encoding the coefficients
in the ROI mask is not stored in the bitstream. Therefore, the

flow chart in Fig. 3 does not comprise a step 317 corresponding
to the steps 117 and 217. Even if it is stored it is not used at
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the decoder. Therefore, the third embodiment is similar to the
first and second embodiment, but requires less information to be

stored in the bitstream.

Below the decoder operations corresponding to the different
encoding schemes described above in conjunction with Figs 1 - 3
are described. Thus, in Fig. 4 a flow chart illustrating the
steps carried out at a decoder according to the first and second
embodiment is shown.

First, in a step 401 a the header of the bitstream encoded
according to the algorithm described above in conjunction with
Figs. 1 and 2 is received. The information about the shifting
value used and the number of bytes (ROI bytes) corresponding to
the ROI coefficients (i.e. those that were shifted) is obtained.
Next, in a step 403, the rest of the bitstream is received. If
number of bytes received is less than ROI_bytes, after an
entropy decoding of coefficients, they are down-shifted by the
shifting value, step 405. It should be noticed that BG
coefficients up to this stage were coded to zero, so
down-shifting does not affect them. Intermediate reconstructed
images can be obtained by inverse wavelet transform.

Next, in a step 407 it is evaluated if the number of bytes
received is less than ROI_bytes, if yes then return to step 403.
Else proceed to step 409. In step 409 the rest of the bitstream
is received. This corresponds now to BG data and therefore from
that stage on no coefficient will be downshifted. Finally, in
step 411, an inverse wavelet transform gives the reconstructed

image.

It should be noticed that the number of bytes is not really
needed to be known to the decoder. This is because the decoder
can scale down all coefficients that are above where shift value
is the shifting value used.

In Fig. 5, a flow chart illustrating the steps carried out in a
decoder arranged to decode a bitstream encoded according to the
third embodiment described above in conjunction with Fig. 3 is
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shown.

Thus, first in a step 501, the encoded bitstream is received.
Information about the shifting value used is obtained. Next, in
step 503 it is evaluated is the received coefficient is larger
than 2(hift value) = i 56 then the coefficient is down shifted by the
shift value in a step 504, else the process proceeds to step

505. In step 505 it is decided to not downshift the coefficient.
Finally, in step 507, an inverse wavelet transform of the output

values from the steps 504 and 505 gives the reconstructed image.

It should be noticed that some problems may appear in floating
point wavelets where some coefficients might be between 0 and 1
and therefore they will never become larger than 2¢hiftvalue) sfer
shifting at the encoder. This means that they will never be
downshifted at the decoder. To avoid such a problem the encoder
according to the second embodiment could be used, where the
quantized coefficients are shifted, since the quantized

coefficients are integers.

The methods described above requires that the encoder shifts the
coefficients up, i.e. multiplies them with a certain factor.
Although the computational complexity of such operation is
small, an alternative way to avoid transmitting the shape
information and minimising the computational complexity of the
decoder, which also avoids the down shifting operation at the

decoder is sometimes advantageous.

In Fig. 6, a flow chart illustrating the steps carried out in an
encoder providing an encoded bit stream which does not need to
be down shifted is shown.

Thus, first in a step 601, an input image to be encoded is
received and its ROI is specified. The required bitrate or
gquality for ROI and BG is the received, step 603. Next, the
image is transformed into the wavelet domain and store to a
first memory (MEM1l), step 605.

Thereupon, an ROI mask is generated as described above, step
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607. The content of the first memory (MEM1l) is then copied to a
second memory (MEM2), step 609. The step 609 is only required if
the BG information is to be used in later stages. Then all
coefficients of MEM1 outside the ROI mask are set to zero, step
611. The wavelet coefficients in MEM1 are then encoded using

JPEG 2000 encoding methods, step 613.

It should be noticed that encoding is performed for all
coefficients. However, since BG coefficients are zero, only ROI
coefficients are actually coded (BG coefficients corresponding

to zero are also coded but they don’t occupy much bitrate).

Encoding of MEM1 is performed until the required bitrate (ROI
rate of ROI quality), then the encoder will switch and start
encoding from the coefficients in MEM2, step 615. All
coefficients in the ROI mask are then set to zero in MEM2, step
617. This means that BG coefficients will be coded.

Finally, in step 619 encoding of MEM2 (where coefficients in ROI
mask are set to zero) is done until the bitrate or quality
specified for the BG is achieved.

In Fig. 7, a flow chart illustrating the steps carried out in a
decoder arranged to decode a bitstream encoded according to the

embodiment described above in conjunction with Fig. 6 is shown.

Thus, first in a step 701, a bitstream encoded according to the
algorithm described above in conjunction with Fig. 6 is received
until the number of bytes for MEM1 is obtained. Entropy decoding
is performed and the MEM1 coefficients are obtained. It should
be noticed that it is possible to perform an inverse wavelet
transform to produce intermediate reconstructed image if this is

required or desired.

Next, in a step 703, the rest of the bitstream is received until
the total number of bytes is received. Entropy decoding and is
performed and the MEM2 coefficients are obtained. The MEM2
coefficient are added to the MEM1 coefficients. An inverse
wavelet transform of the added coefficients produces the
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reconstructed image with both ROI and BG.

It should be noticed that when bits corresponding to MEM2
coefficients are received, the receiver can do inverse wavelet
transform to reconstruct only the image corresponding to MEM2
(i.e. has only the BG). Then it can add the reconstructed images
of MEM1 and MEM2 together instead of adding the coefficients as
described above in the steps 403 and 503.

The bitstream sent from the encoder has to have information on
how many bytes (or bits) where coded for MEM1 image (where the
BG where set to zero). This is because the receiver has to know
when it starts receiving MEM2 (where the coefficients in ROI
mask are set to zero). The receiver in this case adds the
reconstructed MEM2 coefficients to the reconstructed MEM1

coefficients.

This method avoids completely shifting of coefficients at the
encoder and decoder, avoids transmission of shape information,
avoids the use of shape encoder and shape decoder and avoids the
generation of the ROI mask at the decoder. The decoder must only
know when it stops receiving MEM1 coefficients and starts
receiving MEM2 coefficients, so it can add the coefficients

together.

For real time encoding and transmission (encode and send
simultaneously), the receiver might not know the total number of
bytes spend for ROI coding. In this case the transmitter has to
send a signal at the stage where the ROI coding has finished
informing the receiver during the transmission that ROI
coefficients were coded and after this stage he should not
downshift any coefficient. This can be done by sending a
codestream that can’t be emulated from the arithmetic encoder.

It should be noticed that when the encoder according to the
third embodiment is used, then no problem appears in real time
applications. This is because the number of bytes for ROI
coefficients is not really needed. What is needed is the
shifting value, which is always included in the bitstream. Since
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the decoder down-shifts the coefficients that are above, it
doesn’t need any signal at all. Therefore, encoder according to
the third embodiment has advantages compared to the other

schemes.

It should also be noticed that although the methods described
above consider the existence of one ROI, in practice there could
be more than one. The methods apply in similar manner. In such
cases one could consider that for a first ROI (ROI 1) all
coefficients are shifted with the method described in previous
section. Then for a second ROI (ROI 2) all coefficients are
shifted in a similar manner but in such a way so that they are
larger than the shifted coefficients of ROI 1. Then the
procedure continues in a similar manner. The decoder can find
which coefficients belong to ROI 1 and which to ROI 2 by having
the information about the shifting value for each ROI.

It is also to be noticed that for rectangular shapes, the mask
generation in the decoder can be avoided if at each subband
information, of the ROI shape is transmitted. Rectangular ROI’s
have the property of producing rectangular ROI shapes in each
subband and therefore the information of the ROI shape can be
sent for each subband (for example upper left and lower right
corner). This avoids the generation of the ROI mask in the
decoder, however, it applies only for rectangular ROI shapes.

The methods presented above are valid for any shape.

If the encoding is performed in the manner as described above,
no information about the ROI need be transmitted except the
value by which the coefficients have been upshifted and the
number of bits of the bitstream that contain information that
has been upshifted.

This means:

* No information about the shape of the ROI need be transmitted.
This saves a lot of bits in the bitstream especially for complex
shapes.

* There is no need to generate the mask for the ROI coefficients
in the decoder. This saves memory and computational complexity
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of the decoder

* Shape encoding is not required

* Shape decoding is not required

* Approximate extraction of the ROI shape information is
possible from the bitstream.

* Because the ROI mask expands in the higher subbands, it will
start covering some of the BG or even all at the higher subbands
(for example the LL subband). This means that BG information
will be coded together with ROI information. Therefore, during
decoding the receiver at the early stages of the transmission
will recover most of the image (especially when progression by
resolution is implemented). This avoids the problem of having a
black BG reconstructed at the early stages.

In Fig. 8, a possible bitstream syntax is given. It should be
noticed that this can be part of the total bitstream syntax
which includes information on image type, etc. If encoding is
done first and transmission after, the bitstream syntax should
contain the following information:

- ROI coding method (ROI_CM), transmitted in a first field 801

- Shift value (SV), transmitted in a second field 803

- Number of Bytes for ROI (NBYtes ROI) (if needed), transmitted
in a third field 805

- Rest of header info and bits (see Charilaos Christopoulos
(editor), ISO/IEC JTC1/SC29/WG1 N988 JPEG 2000 Verification
Model Version 2.0/2.1., October 5, 1998, transmitted in a fourth
field 807

Where,

- ROI_CM: specifies that the proposed ROI coding method is used
~ SV: specifies the value that the ROI coefficients were shifter
up

- Nbytes ROI: specifies the total number of bytes spend for
coding the ROI coefficients (not needed for all encoding schemes

specified above).
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If the real time case is considered, i.e. encoding and
transmission is performed simultaneously), the bitstream could
be modified to the syntax shown in Fig. 9.

- ROI coding method (ROI_CM), transmitted in a first field 901
- Shift value (SV), transmitted in a second field 903

- Bits corresponding to rest of header and coefficients,
transmitted in a third field 905

- Signal, transmitted in a fourth field 907

Where,

- Signal = codestream that can’t be emulated from the arithmetic

encoder (not needed for all encoding schemes specified above).
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CLAIMS

1. A method of encoding and transmitting a still image having at
least one region of interest (ROI), wherein the image is
transformed into the frequency domain, characterized in that
coefficients corresponding to the ROI are encoded so that they
are transmitted first and so that no information regarding the
shape of the at least one ROI needs to be transmitted in order

to perform a decoding of the at least one ROI.

2. A method according to claim 1, characterized in that the
coefficients transformed into the frequency domain and belonging
to the ROI are shifted so that the smallest ROI coefficient
becomes larger than the largest coefficient of the remaining

coefficients.

3. A method according to claim 2, characterized in that the
coefficients are quantized before being shifted.

4. A method according to any of claims, 1 - 3, characterized in
that the image is transformed into the frequency domain using a

wavelet transforn.

5. An apparatus for encoding a still image comprising means for
defining at least one Region of Interest (ROI) and means for
transforming the image into the frequency domain, characterized
by

- means for coding coefficients corresponding to the ROI so that
they are decoded first in a decoder and so that no information
regarding the shape of the at least one ROI needs to be
transmitted to the decoder in order to perform the decoding of
the at least one ROI.

6. An apparatus to claim 5, characterized by

~ means for shifting the coefficients transformed into the
frequency domain and belonging to the ROI so that the smallest
ROI coefficient becomes larger than the largest coefficient of

the remaining coefficients.

7. An apparatus according to claim 6, characterized by
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- means connected to the shifting means for quantizing the

coefficients before shifting them.

8. An apparatus according to any of claims, 5 - 7, characterized
by

~- means for transforming the image into the frequency domain
using a wavelet transform.

9. A method of encoding a still image, characterized by the
steps of:

- specifying at least one Region of Interest (ROI),

-~ transforming the image using a wavelet transform,

- generating an ROI mask,

- determining the maximum wavelet coefficient in the image,
- shifting all the coefficients in the ROI mask so that the
smallest ROI coefficient becomes larger than the largest
coefficient of the rest of the image

10. A method according to claim 9, characterized in that only
the coefficients outside the ROI are searched when determining

the maximum wavelet coefficient.

11. A method according to claim 9 or 10, characterized by the
further steps of:

- determining the number of bits to use for the encoded image
- encoding the image until the determined number of bits is
obtained.

12. A method according to claim 11, characterized in that the

image is encoded using an entropy code.

13. A method according to any of claims 9 - 12, characterized by
the further step of:
- guantizing the wavelet transformation coefficients prior to

determining the maximum wavelet coefficient.

14. A method of transmitting an image encoded according to any
of claims 9 - 13 from a transmitter to a receiver, characterized
in that the value used to shift the wavelet coefficients is
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added in the transmitted bitstream.

15. A method according to claim 14, characterized in that the
number of bytes used for encoding the coefficients in the ROI

mask is added in the transmitted bitstream.

16. An encoder arranged to encode a still image according to any

of claims 9 - 13.

17. A decoder arranged to decode a still image encoded according

to any of claims 9 - 13.

18. A method of encoding a still image, characterized by the
steps of:

- specifying at least on Region of Interest (ROI),

- transforming the image using a wavelet transform,

- storing the transformed image in a first memory,

- generating an ROI mask,

- copying the content of the first memory into a second memory,
- setting all coefficients in the first memory outside the ROI
mask to zero,

- setting all coefficients in the second memory inside the ROI
mask to zero, and

- encoding the coefficients in the first memory and when all
coefficients in the first memory are coded start coding the

coefficients in the second memory.

19. A method according to claim 18, characterized by the further
steps of:

- determining the number of bits to use for the encoded image

- encoding the image until the determined number of bits is

obtained.

20. An encoder arranged to encode a still image according to any
of claims 18 =- 19.

21. A decoder arranged to decode a still image encoded according

to any of claims 18 - 19.
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