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PROGRESSI VE | MAGE CODI NG  TECHNI CAL FI ELD The invention relates to a
met hod and a system for imge and video coding and also to a nmethod and a
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Progressive | ansm ssion (PIT) is a general termfor

transmtting i nages, where the informationicontained in the inmage is
transmtted in such a manner thBROGRESSINE iIMAGES COBENGnage is gradually
i nproved at the receiving end of the transm ssion system as nore
information is transmtted. Progressive image transm ssion has been
proposed as TECHNEIEALfFIBBRe transmni ssion systens using | ow capacity

transm ssi ORnehapPeheios Usdh Afed IR RURkERoEVWLLE NS Uy Rl GPIFIC iRRGWORKa The
use of a PIT schene EFOVIdes a user with i nterpretable i mage faster.
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a few are ofimagel trahsmessionhus, the user can decide to reject an inmage at
any time during the transm ssion and thereby save tinme by rejecting the not
interesting inages at an early stage. Large image dat abases such as those
ener gi ng i n BARKGROUNBaRNR nERICRART are anongst those which woul d benefit
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features making 1t useful Tn and suitab or progressive 1 mage codi ng has
energed. A methedspbsanspritiing deages,prbgresthe cinfpmatdom sentaipped IBi nt
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is then achggyed u3|ng t he $Epﬂpds of %pgctEaL sel ectjon or %Pc%e%glve
appr oxi mat i GHead™AgEcF7 v¥PFYpllY improved a he receiving end o e
transmission system as more information is transmitted.

Progressive image transmission has been proposed as a part of
image transmission systems using low capacity transmission
channels, such as the public switched telephone network. The use
of a PIT scheme provides a user with an interpretable image
faster. This is for instance of interest when many images have
to be seen but only a few are of real interest. Thus, the user
can decide to reject an image at any time during the
transmission and thereby save time by rejecting the not
interesting images at an early stage. Large image databases such
as those emerging in the medical environment are amongst those
which would benefit from such a transmission scheme.

Hence, a demand for an algorithm having features making it
useful in and suitable for progressive image coding has emerged.
A method possible to use for progressive image coding is the
Joint Photographers Expert Group (JPEG) algorithm. The
progressive image coding is then achieved using the methods of
spectral selection or successive approximation as described in
for instance the documents, W.B. Pennebaker, J.L. Mitchell,
"JPEG still image data compression standard", Van Nostrand
Reinhold, New York, 1993, or in G.K. Wallace, "The JPEG still
picture compression standard”, Communication of the ACM, Vol.
34, No. 4, April 1988, pp. 121-132.
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2 However, the use of the JPEG algorithmjor PIT is associated with sone
di sadvant ages. The maj or di sadvantage is the |low visual quality during the

first stages of the transm ssioq, ich inly is_due_to . blocking artefacts
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conbi nation of base functions. The contours and the region intensities are
then transnt¥?R¥YEEEL: channel in order to provi de the receiver with an

I mage. The RBC based al gorithms provide a much better visual quality than
the bl ook miat e el IR ERAEAT ISR By R en RERRY Phettbes
al gorithm IRB@Vaapprnadhesehayenpeensizsndr for aradressiyealimggel ity of the
RBC based transmission. Region based coding is a relatively new image
compression technique, in which the image is divided into
regions of slowly varying intensity. The contours separating
different regions are described by means of chain codes, and the
image intensity inside such a region is approximated with use of
a linear combination of base functions. The contours and the
region intensities are then transmitted via a channel in order
to provide the receiver with an image.

The RBC based algorithms provide a much better wvisual quality
than e.g. the JPEG algorithm at high compression ratios. The
reason for this is the blocking artefacts visible at high
compression ratios using the JPEG algorithm. However, at lower
compression ratios the visual quality of the RBC based
algorithms does not outperform the JPEG algorithm. Moreover, the
computational complexity of RBC algorithms is significantly
higher than for the JPEG algorithm, which also has the advantage
of being commercially available at a comparably low cost.

Most of the present RBC methods, approximate the grey value
within a region as a weighted sum of base functions, whereafter
the coefficients obtained are quantized and coded. Such
techniques are described in: M. Gilge, "Region-orientated
transform coding (ROTC) of images", Proc. of ICASSP 90,
Albuquerque, New Mexico, April 1990, pp. 2245-2248, and M.Kunt,
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Proc. of ICASSP 94, Adelaide, Australia, April 19-22, 1994, Vol.
V, pp.345-348. However, RBC algorithms have significant
computational and memory requirements. This is due to that the
orthonormal bases depend on the shape and size of a region and
thus new individual bases functions must be computed for each
region.

Furthermore, at low compression ratios, RBC does not offer
better visual quality than JPEG. Thus, the RBC based algorithms
lose their advantage compared to other compression algorithms at
lower compression ratios.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method and
a transmission system for PIT which provides high quality images
during all stages of the transmission.

It is also an object of the present invention to provide a
method for coding still and moving images combining RBC and
block based coding schemes.

It is yet another object of the present invention to obtain a
method and a transmission or storage system, which make use of
the good initial visual quality of segmented image coding as
well as of the low cost high compression achieved with the JPEG
algorithm for providing an efficient progressive image
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RBECIELRDL G ALY o2 2ufp2RL2108% 1id Guethod combi ning
and/or DCT (Discrete Cosine Transform). Thus, for PIT, in the
first stages of the transmission, some RBC algorithm is used,
which has been found to provide images of good visual quality at
this stage, i.e. when compressed at a high compression ratio.

The RBC scheme can consist of the following steps:

(a} segment the image in a number of regions; code and transmit
the contour image (and possibly the mean value of the pixels in
each region):;

(b} calculate a few (more) basis functions (if these are not
pre-calculated);

{c) calculate the corresponding texture coefficients;

(d} quantize, code and transmit the coefficients:;

(e) if extra information is required by the decoder, then go to
stage (b}, else stop transmission.

If at any stage of the transmission, the visual result achieved
by the RBC scheme is not significantly better than the result
achieved by a continuous tone compressor, like JPEG, then more
information is transmitted but this time compressed using a
contiqpous tone compressor, e.g. JPEG algorithm (if an image at
lower compression ratio is required from the receiver). In order
to utilise the information already transmitted when using the
RBC algorithm, the following procedure is performed at the
transmitter for a grey scale image using 8 bits per pixel:

- 1. Create a new image by taking the pixel value difference
between the original image and the image reconstructed with RBC
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eded to be transmitted for obtalnlng an 1magesh£l ng a desired
visual quality, if solely compressed with the continuous tone
compression algorithm.

The difference image can of course be compressed with JPEG, or
another method, without restricting the number of bits to be
equal or less than if the continuous tone compression algorithm
would have been applied. A method for coding the difference
image can be based also in variable block size DCT, as described
in Y. Itoh, “An edge-oriented progressive image coding”, IEEE
Trans. on Circuits and Systems for Video Technology, Vol. 6, No.
2, April 1996, pp. 135-142.

Notice also that the adding of +128 might not be necessary {(and
in that case the wvalues will not have to be clipped intoc the
range [0, 255]) if the continuous tone compressor used can
handle the pixel values after the difference operation. A
progressive image transmission method can alsoc be used for
coding the difference image, and it will preferably be based on
JPEG or a DCT-based scheme. Other suitable coding schemes for
coding difference images can of course also be used. In the
following it is assumed that JPEG is used for coding the
difference frames but not excluding the possibility of using any
other continuous tone algorithm.
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approximately equal or |ess than the numher of bits needed, to, be

oo 1t e GEO8Bt PR HS HEFOLERE HER Y on URES P cBD: SHSR L bl arage (the
sol el y conpezdiedrwekbctbes coiné | follsyinnerowessessi on al gorithm The

di fference i nage can of course be conpressed with JPEG or another nethod,
Wi thout restricting the nunber of bits to be equal or less than if the

cont i nuous -t dne Regrpresthencamhpoesssddndidifiet emsec ibaga. appl i ed. A nmethod for

codi ng the diff ﬁ%‘égﬁgthﬂgﬁetﬁé}@@eﬂ?éf%i f%‘i-e'h@evi‘fn&g@!v‘?i% Qe YE£&nECT,
as described in Y. Ttoh, "An edge-oriented progressive inmage coding", |EEE
Trans. on @onddnueugngongsceding Rlapkiddmrehtol 98FS- Vol . 6, No. 2, April

1996, pp. 133 l4dptrabletige abse ddal giheladdilng ek rHeSypeght not be
necessary (and in that c the values will not have to be clipped into the
aREr

range [0, XfSPpstruckedc PUORE® t YIS onpr essor used can handl e the pi xel
val ues after 4.haddi ther eesal bjwy aimaye of Etegr 8Stbvehé NRBE fécoratirgited
met hod can al so be used for coding the difference image, and it wll
preferablylﬁggﬁésed on JPEG or a DCT-based schene. Ot her suitable coding
schenmes for coding difference i mages can of course also be used. In the

fol 'owi ng iNotiTeA2i 4B enkbatnd PR E Sadisntly ¥ 49281 RUghPeEndE FESRNGR falrgmes

but not excluding the possibility of using any other continuous tone

al gorithm if this was not used at the encoder side.

In order to obtain a better wvisual quality in the first stages
of the transmission, the RBC algorithm used can be modified to a
hybrid RBC~DCT (Discrete Cosine Transform) algorithm. The hybrid
RBC-DCT divides the segmented image into rectangular blocks. The
blocks, which are fully contained within a region of the
segmented image are then coded using DCT base functions or other
predefined base functions, such as Discrete Fourier Transform
(DFT) base functions resulting in a hybrid RBC-DFT scheme.

The remaining part of the regions and the other regions in which
rectangulars can not be fitted are coded using orthogonal or
orthonormal base functions, such as in particular weakly
separable (WS) base functions, or other base functions (even
non-orthogonal). The contours of these rectangular blocks do not
need to be transmitted, since the division into blocks can be
performed by the receiver without any information from the
transmitter.

It should be noted that the remaining part of the regions in
which rectangulars are not fitted, can be checked to see if it
can be considered as part of one region or if it has to be
divided into separate sub-regions. In such a case each of the
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The remaining part of the object, i.e. the parts in which it was
not possible to fit rectangulars, consists of different parts
(sub-regions}, i.e. parts of the head, parts of the hands, parts
of the legs, etc. In such a case these sub-regions can be
identified and the RBC coding, for example the polynomial
representation, can be applied in these sub-regions.

Thus, in the first stages of the image transmission, at high
compression ratios, a hybrid RBC-DCT method is used, due to the
ability of the RBC algorithms to provide an image having a
higher quality than JPEG at this stage. If more information is
required, i.e. an image having a higher quality is demanded by
the receiver, then this additional information is transmitted

using JPEG or another continuous tone compression algorithm.

It should be noted that in the first stages of the transmission,
any RBC scheme utilising any segmentation technique can be used.
In applications in which presegmented images are provided, then
no segmentation is required. It also to be noted that the
switching scheme may not be required and the image can be
compressed solely by RBC or the hybrid RBC-DCT scheme or in a
progressive mode.
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RBC-JPEG compression scheme.
- Fig. 3 is a flow chart of the logic steps performed in the
transmitter of fig. 2.
~ Fig. 4 is a block diagram illustrating the different steps
performed when coding a difference image.
- Fig. 5 is a block diagram of the steps involved in an RBC
deconpressor.
- Fig. 6 is a block diagram of the steps performed in a
decompressor when decompressing a different image.
- Fig 7 is a flow chart illustrating the logic in a transmitter
for a colour image.
- Fig. 8 is a block diagram of the steps performed in a receiver
when receiving colour images.
- Fig. 9 is an schematic view of a transmission using a scheme
switching between compression by means of an RBC algorithm and
by means of a continuous tone compression algorithm.

DESCRIPTION OF PREFERRED EMBODIMENTS

In the following example a grey scale image having 8 bits per
pixel is used as an original image, colour images are however
not excluded. In fig. 1, a block diagram of a transmission
system using a progressive image transmission scheme is shown.
The transmission system consists of a transmitting part 101 and
a receiving part 103. The transmitting part comprises an input
block 105 and a PIT type compression block 107. The PIT

compressed image is transmitted on a transmission channel or to
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drawi ngs, immhich: - Fig. 1 is a general block diagramof a transm ssion
system for still images using an RBC based transm ssion schene. - Fig. 2 is
a block diagramof a transmtter using a conbi ned RBC JPEG conpression
schene. - Fizg; fa_gi sza ft:ha\/\peheéssmg t¥odkxgioE shepsxpebiocneﬁo'r raztemshown.
transmtter 4 is_a_block di |II |n
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perfornmed inp@ inReR ¥eansmitted, such as the methods described in: M.

Gilge, "Region-orientated transform coding (ROTC) of images”,
Proc. of ICASSP 90, Albuquerque, New Mexico, April 1990, pp.
2245~-2248 and W.Philips, C.A.Christopoulos, "Fast segmented
image coding using weakly separable bases", Proc. of ICASSP 94,
Adelaide, Australia, April 1%-22, 1994, Vol. V, pp.345-348,

Also, the transmission scheme of the first stages of the
transmission can be implemented in a manner similar to the
method described in Sikora T., and Makai B., "Shape-adaptive DCT
for generic coding of video”, IEEE Trans. on Circuits and
Systems for Video Technology, Vol. 5, No. 1, Feb. 1995, pp 59-
62.

The PIT is continued with the RBC compression technique until
either the receiver (user) decides that he/she does not want an
image having a better visual quality or to the point where, at
the same compression ratio, other, simpler compression
techniques, using a continuous tone compressor, such as in this
case J?EG, can provide the user with an image having better or
equally good quality. The decision can also be made on a Signal
to Noise Ratio {SNR), Mean Square Error {MSE} or another
criterion and can be decided at the transmitter.

As an alternative, the switching from RBC based compression to
continuous tone compression can be chosen to not be performed,
if the receiver or the transmitter does not want so.



when receiving colour images. - Fig. 9 is an schematic view of a

transm ssion using a schene swtching between conpression by neans of an
RBC al gorithm and by nmeans of a continuous tone conpression algorithm
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If the latter of the cases above is at hand, i.e. a JPEG
compressed image (if JPEG is the continuous tone compressor
used) is not inferior to an RBC compressed image at the
compression ratio at a certain stage of the transmission, the
transmitter switches to perform the further PIT with use of
JPEG. In order not to lose the information contained in the
image already transmitted using the RBC, the RBC compressed
image at that stage is decompressed by a decompressor in a block
203.

It is also possible to code certain regions with different
methods using a different coding scheme than an RBC scheme, i.e.
different coding method can be used for different regions. For
example, some regions can be coded lossless while_others lossy.
This can be decided either at the transmitter or at the
receiver. For example, while an image is received in a
progressive mode, it is possible to point at a region for which
a perfect reconstruction is desired. Such an operation will then
signal information to the transmitter, instructing the
transmitter to perfectly reconstruct that particular region.

Therefore, at the final stage of the transmission, a lossless
technique can be used for that region. Or alternatively, some
regions are transmitted/stored in a progressive, or non-



Al so, the transm ssion schene of the first stages of the transm ssion can
be inplenented in a manner simlar to the nmethod described in Sikora T.,
and Makai B., "Shape-adaptive DCT for generic coding of video", |EEE Trans

on Circuits ns for Video Technology, Vol. 5, No. 1,,5680748%
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can be used for that/those region(s). O her codi ng nmethods for coding the
di fference i mage than JPEG can hence al so be applied, such as a Bl ock
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the increased pixel accuracy. For example, when one has the RBC
coefficients, for each coefficients the 4 most significant bits
are transmitted at the beginning. Then the least significant
bits are transmitted in following stages. Thereupon additional
coefficients are calculated if required. Switching to the

continuocus tone processor is also performed if required.

In fig. 3, a flow chart of the steps performed in a transmitter
using the combined RBC - JPEG scheme is shown. Thus, an image
that is to be transmitted can be compressed as follows. First
the image is accessed at a block 301. Then the image is
segmented in a block 303. The contours of the regions of the
segmented image are then coded in a contour coding block 305 and
the contours are transmitted. The algorithm used can be any
suitable segmentation algorithm.

Also, the contour coding technique used can be lossless as well
as lossy. Notice that both the transmitter and receiver have to
use the same contour information. The segmented image is also
supplied to the block 307, via a block 306 which provides a
label and binary image. In block 307 the inner parts of the
regions are approximated with polynomials, or a suitable set of
basis functions or even simple quantization of the values of the
pixels.



shape adaptive DCT referred above, etc., which then could use DCT applied
to 8 x 8, or 16 x 16 pixels bl ocks or blocks of bigger sizes. If the
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C.A.Christopoulos, "Fast segmented image coding using weakly
separable bases”, Proc. of ICASSP 94, Adelaide, Australia, April
19-22, 1994, Vol. V, pp. 345-348, are used.

The RBC coding part preferably comprises the following steps:

(a) segmentation of the image in a number of regions; coding and
transmission of the contour image, and possibly the mean value
of the pixels in each region;

(b} calculation of a few (more) basis functionms;

{c} calculation of the corresponding texture coefficients;

(d}) quantization, coding and transmission of the coefficients;
(e) if extra information is required by the decoder, then go to
stage (b), else stop trgnsmission.

Thereupon, the coefficients of the polynomials are transmitted.
The transmitter is then provided with feedback information from
the receiver in the block 309. Based upon the feedback
information, a decision is made in the block 311 whether the
transmission is to be continued or not. If a decision is made to
stop the transmission, the transmitter proceeds to a block 313
in which the transmission is terminated.

If, on the other hand, the transmission is decided to be
continued, the scheme proceeds to a block 315. In the block 315
it is decided whether it is advantageous to continune with the
RBC scheme or if the further transmission shall be performed



| ossl ess. This is useful in many nedi cal applications. The i mage obt ai ned
fromthe deconpression is subtracted fromthe original inmage in a block
205. The imge obtained is then conpressed by a continuous tone conpressor,
such as in tly a JPEG conpressor. This is performed i pchisRetooss’. the
further details of which are described with reflerence to fig. 4 bel ow

Furt hernore, progressive transm ssion canldl so be achieved by increased

pi xel accuracy. For exanple, when one has the RBC coefficients, for each
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Then the least significant hits are transmtted in foll ow ng stages.
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t he conti nuous tone processor is also performed if required. In fig. 3, a
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| ossl ess as we] |l as |ossy. Notice that both the transmtter and receiver
have to used®FESiOeESc®Mt-our i nformati on. The segmented image is al so
supplied to the block 307, via a block 306 which provides a | abel and

u th pol ynomaeetsish & ehe 2 88F 35 g Bl gr frettre bt p e
quant i zat i oerivferion,v&.gesaosubhecpirelcriterion or a criterion such as
SNR or MSE, and the criterion is evaluated every time the scheme
reaches the block 315. If the decision in block 315 is yes, i.e.
the RBC will provide better quality at a lower compression
ratio; and the scheme proceeds to block 317, where it is decided

that higher order polynomials shall be used.

As an alternative, if the criterion used can not be evaluated
each time, a threshold value can be put to a quantative
criterion, which can determine when during the transmission the
switch between the RBC and the continuous tone compression, like
JPEG in this case, is to be performed. Also, the point at which
the switch between the two different compression methods is to
be performed can be based on experience obtained in the
transmitter, i.e. the transmitter is provided with information
that at a certain compression ratio it is advantageocus to switch
between the different schemes,

One way to detect whether JPEG or RBC scheme perform better at a
certain stage of the transmission, is by running JPEG and RBC in
parallel. This however would be inefficient from a computational
point of view, but it can be efficient when compressing images
for storage and compression efficiency is the most important
aspect,
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i mage. The | abel inmage is an image providing the pixels of the inage with
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one region have the identification 1, alljgixels of a second region have an

identification 2, etc. The base functions used for generating the
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decision is no, i.e. it is decided that an RBC image will not
provide a better image at a lower compression ratio, the scheme
proceeds to a block 319.

In the block 319 a difference image is obtained by means of
subtraction of the pixel values of the reconstructed,
decompressed RBC image from the corresponding pixel values of
the original image. Then the difference image is coded in a
block 321. The coding scheme of block 321 is described in more
detail below with reference to fig. 4.

In fig. 4, a coding scheme for the difference image is
illustrated. The difference image, i.e. the reconstructed RBC
image subtracted from the original image, enters the scheme at a
block 401. The difference image is then supplied to an addition
block 403. In the addition block the value 128 is added to each
pixel value of the difference image.

Then in a block 405 the pixel values of the image obtained by
block 403 are put into the range of the original image, i.e. in
this case in the range [0, 255]. This is obtained by letting all
pixel values less than zero adopt the value zero and by letting
all pixel values more than 255 adopt the wvalue 255. Thus an



continued, the schene proceeds to a block 315. In the block 315 it is
deci ded whether it is advantageous to continue with the RBC schene or if
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i.e. the transmtter is prgvided with infornmation L.
receiving end of a transmission system when receiving and

decompressing an RBC image and a difference image compressed
according to the scheme described with reference to fig. 4,
respectively. Thus, in fig. 5 the received image is decoded
according to a suitable RBC algorithm, i.e. an algorithm
corresponding to the compression algorithm used. The compressed
image is received in block 501 and is reconstructed in a normal,
state of the art manner in the block 503.

If, on the other hand, the received compressed image is a JPEG
compressed difference image as described with reference to fig.
4, the image is decompressed according to the scheme illustrated
in fig. 6. First the JPEG compressed difference image is
received in a block 601. Then the difference image is
decompressed using a conventional JPEG decompression algorithm
in a block 603.

From each pixel value of the decompressed image, the value 128
is thgn subtracted. This is performed in the block 605.
Thereafter, in the block 607, the image obtained in block 605 is
added to the already received RBC reconstructed image, which has
been decompressed according to the scheme described in
association with fig. 5.

Thus, a grey scale image having 8 bits per pixel has been
transmitted in a PIT manner inveolving at least two steps and



that at a certain conpression ratio it is advantageous to swi tch between
the different schenes. One way to detect whether JPEG or RBC schene
performbetter at a certain stage of the transm ssion, is by running JPEG
and RBC in parallel. This however would be inefficient froma conputational
poi nt of vi eWO%338425t can be efficient when cqnpressing |rrages'/si:moos'tsorage
and conpression efficiency is the nost |nR%rtant aspect.
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reconStrUCtexﬁiflcatlons must be made.

The method is applied in the same manner as stated above.
However, if the JPEG compression algorithm is to be used in the
latter stages, it must first be made sure that the JPEG will
handle such a type of image, e.g. an image having 12 or 16 bits
per pixel. Then the compression and decompression algorithms
must be adjusted so that the added and subtracted value
respectively, is not 128 but 2™!, where m is the number of pixels
used for the grey scale image.

Also, if the number of bits per pixel in the original image is
different from 8, the range into which the difference image is
put or clipped, must be modified, so that the difference image
is within the range of the original image, i.e. the pixel values
are put into the range [0, 2™ -1].

Above an example of a scheme used for grey images has been
described. However, the scheme works for colour images as well,
as will be described below.

A colour image is defined as having N bits per colour band,
where N is a positive integer. A typical colour image is
represented by 3 colour bands each having 8 bits, i.e. a total
of 24 bits per pixel.

When the compression scheme described above is applied to colour



deconpressed RBC i mage fromthe correspondi ng pi xel values of the original

i mge. Then the difference image is coded in a block 321. The codi ng schene
of block 321 is described in nore detail belowwith reference to fig. 4.

In fig. 4, a.gdhigdsschene for the difference imge is illusyepim@snostée

di fference i mage, 1.e. the reconstructed RBC i mage subtracted fromthe
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5 and 6 i || GOLPHTSPRAES didY eﬁ’brﬁl S&r f HPReEOMR T ¢l g SGHPMEg28naRof a
transm ssi orl¥prhetiwbecan dseipdrsfpraed as described below with reference

to Figs. 7 and 8.

In Figs. 7 and 8 a transmitting part for a transmission system
for compressed images and a receiving part for such a system are
shown respectively. Thus, in Fig. 7 block 701 represents the
input of a colour image represented by the RGB colour
components. The RGB colour image is then transformed into a YUV
colour image in a block 703.

In block 705 the U and V components of the image are
undersampled (after appropriate low-pass filtering), i.e. the
size of the image is reduced, for example a 512 x 512 pixel
irage is reduced to a 256 x 256 pixel image by an under sampling
by two in each dimension, so that only the Y component is
transmitted during the initial stages of the transmission. The
above described RBC~JPEG algorithm is then performed for the Y
component in block 707. '

The undersampling of the U and V colour components performed in
the block 705 is optional. Also, the segmentation performed on

colour images can be performed only on the Y component image or
on the entire colour image involving all the three components,

by using appropriate techniques.

If the receiver during any stage of the transmission decides
that he/she wants the other colour components transmitted, such
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an algorith [Ies ondlng to the conpression algorithmused. The
conpressed | 8 received in block 501 and is reconstr ucRE@#SEHB hor nal |
state of the art manner in the block 503.4g If, on the other hand, the
recei ved conpressed i mage-is a JPEG conpressed di fference i nage as

d | bed wi d d di t
the scheme FRARfrE: G Thdibmy'eed’ rol e, FRSemnerORUER T A Brofke
i mage is r8@8|vedtimnqp$ﬂXMﬂha@$s WEHEherhsuchfdeﬂequasu mage arsid¢edonpf essed
using a CORKENGEEDE o AECHIGRATROESTE R0 2RO IR T Blagl §03 the O™

each pixel value o deconpressed i nage,
subt r act edSOMPPRERE k¥ okOFK H1lhelf| Bk @@@smarerz@amr thensthemé| ock

607, the IBﬁQEle@é awe&aﬂsﬁlto%ew%ha ﬁ@&ﬁbérﬁe&ﬂ?xﬁ' g,a%ef Sﬁebved RBC

reconstructed i mage, heen deconpressed accor schene
described ? %S %u??n?qﬁiﬁanFB“°Bs t°q?nEPmE¥§ﬁﬁ9fvs@éP§klﬁ&ée Maving 8

bits per pakeériwmtsiveechHenenswulltieBei to at FArsuiN Iformi®li¥ihngoat al £ast two
steps and 7/ 25

PCT/SE97/08§9%Pnen&¥)é% ég%ﬁ stage, without exPe?ﬁ§n9h§Pﬁgr§ﬁ5F8§Fn%?eﬂiﬁ1:he
same nunbefoofibi tso dhatf thige regrivehasit bemrh tatayeniretedstruote stEPLay v
using the Jpkge algapdiinm The final reconstructed imge of the transm ssion
then provides an imge at the receiver having a quality simlar to the case
wher e

An alternative scheme is to use RBC for the U and V components
too. Thus, if the decision in block 709 is yes the scheme
continues to block 715 in which a segmented image for the U and
V components is obtained by under sampling the label image of
the Y component image. Then in block 717 the PIT scheme is
applied to the U and V components.,

Also, the first stage of the transmission of the three
components of the colour image can consist of transmission of
such a segmented image, in which the pixel values of each region
are replaced by the mean, or median colour of the pixels in each
region of the colour image.

In Fig. 8 the receiving part of a colour image transmission
system is illustrated. The compressed YUV colour image is
received in a block 80l1. The components of the image are then
decompressed by means of an algorithm corresponding to the
compression algorithm used, i.e. the RBC algorithm or the JPEG
algorithm, in the block 803. Thereafter, the YUV colour image is
transformed into an RGB colour image in a block 805, and the
reconstructed colour image is then available in the block B07.

Finally, Fig. 9 is a schematic diagram illustrating the basic
concept of the above described transmission schemes. Hence in
block 901, an original image is fed to the transmission system.



the i mage had been transmtted using only JPEG or progressive JPEG

al gorithm If an image having a nunber of bits per pixel different from8
is to be transmitted using the schene descri bed above sonme nodifications
nmust be nade. %%%%fEthOd is applied in the sane manner as ph@soRioVve.
However, if Pne conpression algorithmis fo be used in the latter
stages, it nmust first be made sure that tHe JPEG will handle such a type of
i mage, e.g. an imge having 12 or 16 bits per pixel. Then the conpression

and deconpr @ggi 9fagé 90s | {XWIE wﬁ;sxﬁ%t%@ %t gdp5ck hegs,t he asded and
subtracted val ue respectively,, i s not but 2 err.tlat Where ms thg?gunber

of pixels uSHALFhing Haeepe decides |‘“ﬂ’&§r€ algﬁF% He Beumsed 8t b per
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di fference ly | S put _or, cI| t the .
di f ference |§g t*% m?$ﬁr%?l1 Sghgfefﬁgeorl é%f%?ﬂ} sgpgtﬁg pi xel
val ues are pﬂubcknﬁ@Stdm aamgx;:z[xmouq gonp cmjnpresaﬁdmowm azheebémpﬂce%fl aThe

schene usedckﬁgrggsxd {&F?&é msdﬁ%er%_ %ﬁﬁ’c? aaggﬁvﬁ{g ckh% GhegRLYRLKS

for colour ina escrl | our ‘Irmage is
defined as bavthg shammel 249 ¢t ureseiTerWReRRIN6ing @ fdoick 931 whighr . A
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i.e. atotal of 24 é” When t he coppressi on schene descri bed
above is apﬁPFeHeFﬁlﬁ $ age to the appropriate compressor.

In the schemes described above the transmitter always starts
with compression according to an RBC algorithm and then, in some
cases, switches to a continuous tone compression. In such a case
the switching in the receiver can be implemented by means of
transmitting a code word from the transmitter to the receiver
when the compression algorithm is switched, and that the
receiver then has a means in the block 911 for detecting such a
code word and performs a switch at the reception thereof.

The decompression is then performed by an appropriate
decompressor, either an RBC decompressor in block 913 or a
continuous tone decompressor in a block 915. The image is then
reconstructed and presented to a user in a block 918, which can
be equipped with a feedback line 917 to the switching means 903
in the transmitter in order to be able to command the
transmitter to switch compression algorithm or to terminate the
transmission of the image or even to point at certain regions of
the image which should be reconstructed better.

One disadvantage of using polynomials for the reconstruction of
the texture in a region is that polynomials reconstruct the
image very slowly, i.e. a significant number of base functions
is needed to get a clear improvement in image quality. This is
due to the fact that large regions are preferred in RBC (in
order to 1limit the number of bits which are assigned to contour
coding) and due to the fact that an accurate reconstruction of
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17 1mages, the sane schene as descri bed above coul d be enpl oyed for each
col our band separately. However, if the 3 colour bands representing a

col our imge_are others than the YWV col our space, e.g. the R&B (Red G een
Bl ue) col ourW8R%3M25 it can be advantageous to perform a traﬂ%’f‘%ﬁ’?ﬁ’ﬂ?’ﬁ’ﬁn to
the YWV col our space, where Y is the |uma@nce conponent and U and V are

t he chrom nance components, since nost of the energy of a YWV col our I mage

S concentr%t eg ;{ the.Y c onent, .or another sui t oI our s As an
gx8y et
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bl ock 701 t&gr édEftsstages riputtsmspissionr isnagel tepr esented by the RGB
col our conponents The RGB colour image is then transfornmed into a YU

col our IE | ock,703. n bl ock 705 the U and V conponents of the
i mage are Rd& §aﬁ€?‘éﬁ deseeib 9é4p|&°51§’rreélsé°Po€\Fb%P§%sff |qfteer33:g)a lgprdthphe
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reduced to,a_25 X e by, an_unde l.in t,Wo i.n ea

di mensi on, T§8nFﬁ3¥m ?é}hw 8 te ?Pg$€$ﬂ¥lﬁﬁgﬁﬁ¥vﬂﬁuﬁﬂeqpﬁi€Fﬁl
st ages of uhetheaﬁsnstsstngesﬂuef a:lh@ve;rdasmlsbmnR%@E@ba:h@omthmcms t hen
per f or med é¥¥§¥m the U
and V col ofarg&g%'?rg%%(e%tgs per or rreé@l Q%Pocﬁ;-?%%&&g’eeeefl on %IE t he
segnent at i SACHEPTBL AR P HrEkH ﬁ#&@e@fcéﬁcbeaﬁ@kqQ#rﬁ@dl@nmylenethplﬁ
conponent ifBRg8 25600 256 ENidls indlgeUprefBgted WOIDd NG & h el Rexkhsee

CO”ponentSHowxvg§ln?aéﬁE¥C)£|§§éife%0ggogﬂs can be used.

The blocks, which are fully contained within a region of the
segmented image are then coded using DCT base functions or other
predefined base functions, such as DFT base functions, which
will provide a hybrid RBC~DFT scheme, whereas the remaining part
of the regions and the other regions in which rectangulars were
not fitted are coded using weakly separable (WS) base functions,
such as the one cited above in association with the description
of Fig. 3 (block 307) or other ways suitable for coding
arbitrary shaped regions.

The contours of these rectangular blocks do not need to be
transmitted, since the division into blocks can be performed by
the receiver without any information from the transmitter. It
should be noted that the remaining part of the regions in which
rectangulars were not fitted, can be checked to see if it can be
considered as part of one region or if it has to be divided into
separate sub-regions. Then each of the sub-regions is coded by
the methods referred above.

The set of base functions can be adapted (although not
necessary) to the properties of the sub~region. For example, in
smooth sub-regions the polynomials can be used. In textured sub-



If the receiver during any stage of the transm ssion decides that he/she
wants the other col our conponents transmtted, such WO 97/ 33425
PCT/ SE97/ 00376 18 a request is
transmtted t nsmtter, which in a block 709 continu S
whet her such gmégﬁﬁééﬁ has ‘arrived. If the decision in blockqgég&igaﬁgkth
PIT is continued for the Y conmponent only, 2l ock 711. If the decision is
yes the schene switches to transmt the U and V conponents using the JPEG
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segnent ed |nage in which the pixel values of each region are replaced by
t he nean, medi a f?colour of the pixels in each region of the colour
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change in grey value or colour. Then, the RBC coding, for
example the polynomial representation, is applied in these sub-
regions. It should be noted that the division into sub-regions
has to be transmitted to the receiver, if the receiver is not
able to identify this division.

With this division into blocks, there is no need for calculating
base functions for these blocks. Instead precalculated DCT base
functions can be used for such a rectangular region or DFT or
other transforms are used. This significantly reduces the
computational complexity of the RBC algorithm used. Also the
memory requirements are reduced with the hybrid RBC-DCT
algorithm compared to an algorithm only using RBC.

Yet another way of dividing the segmented image into rectangular
blocks is to start by dividing the image into rectangular blocks
having a relatively large size, e.g. 64 x 64 pixels, and keep
only those that are fully contained inside regions. Then the
scheme is continued by dividing the segmented image into
rectangular blocks having a smaller size, e.g. 32 x 32 pixels
and keeping only those fully contained in regions and which are
outside the larger rectangular blocks that were fitted during
the first step of the division in rectangulars, i.e. outside the
64x64 blocks in this case.

This procedure is repeated until no more rectangular blocks can
be added or to the stage when the predefined small size



systemis illustrated. The conpressed YUV colour imge is received in a

bl ock 801. The conponents of the inage are then deconpressed by neans of an
al gorithm corresponding to the conpression algorithmused, i.e. the RBC
algorithmor the JPEG algorithm in the block 803. Thereafter the YUV

col our |naggwq%m??ﬁnsforned into an RGB colour inege in a BCL/SES M6 and
the reconstructed colour inage is then ayailable in the block 807.

Finally, Fig. 9 is a schematic diagran1i||ustrating t he basi c concept of

t he above described_transm on_s Hence.in block 901, origi na
i mage is et %99F§€rfr5ngh1§§% § is reaChea[)gg?%§4$ﬁ¥Sé¥%r
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according to a PIT schene on the_ channel to a receiver conprising a

bl ock 911 YAAtcRTRIERLLY] eenmwlédmésegm'apgerwﬁml%ﬂb uddd and
directs thghouacebeetotatgehad alighapg Ctmé WVivide6ANPE G - intd Bduldtes,

h d bed ab he t tt t
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cont i nuousort @vencarpaegeian. shapesich a case the switching in the receiver
can be inplenented by nmeans of transmtting a code word fromthe
transmtter to the receiver when the conpression algorithmis swtched, and
that the rEQfcie¥amPigenifiad Begimsconsists WfodR gowsfand did exsliumpssueh a

code word A4 RQularTEegisntt Kivalg (iR BGRP1EROR 1heELR re fitted inside
such a region. At the end, the regions or the remaining part of
the region in which blocks of the various sizes where not
fitted, will be coded by a set of base functions, for example
orthogonal base functions. It should alsc be noted that a check
whether the remaining part of the region consists of different
sub~-regions can be carried out, and a coding thereof,
separately. Notice also that if the part of the region (or the
sub-region) in which rectangulars were not fitted is small, it
can be represented by a small number of base functions, or even
by the mean value.

Other division of the segmented image into regions having
predetermined shapes can also be applied, like the one proposed
by Sikora T. and Makai B., "shape-adaptive DCT for generic
coding of video", IEEE Trans. on Circuits and Systems for Video
Technology, Vol. 5, No. 1, Feb. 1995, pp. 59-62. The mean value
of the region can be subtracted from each added region
(rectangular or not} in the segmented image, before it is coded
by DCT, in order to reduce the information to be coded.

Thus, in the blocks in which DCT is used, the JPEG algorithm for
PIT can be used, i.e. successive approximation or spectral
selection. When the scheme then switches to use JPEG, the scheme
can continue using the successive approximation or spectral



The deconpression is then perfornmed by an appropriate deconpressor, either
an RBC deconpressor in block 913 or a continuous tone deconpressor in a

bl ock 915. The inage is then reconstructed and presented to a user in a

bl ock 919, W t;., gsbe equi pped with a feedback line 917 t Jb3bé hi ng
means 903 in é'transmtter in order to be abl'e to conmand the transmtter
to switch conpression algorithmor to.termhate the transm ssion of the

i mage or even to point at certain regions of the image which should be
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reconstruction o ne texture in a region is that polynomals reconstruct
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that | arge ésggggs re Preferred in,RB%R%;g.%rder to |imt the nunber of
bits which QFgﬁea tbheothadr Ui AhGEHERCE 213 act that an
accurate reconstruction of WO 97/ 33425
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region requires, relatrvely, nmany base functions. Tn order to ell mnate

this di sadvaiiftfgsengesinage CitiendPEGhi dhisnphoybe apéyininkdRBE JOLlowsene
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above descri ed conpression schenmes, the RBC algorithmused 1s nodified

into a hybriif REESPESI( DL str cble BRI YTPANSHERN} BIQRFithHatisiyiass to
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Thi s hybri C algorit 1S perforne Lvi gdi.hg segnent ed, i mage

into rectan e&tg?g}()cﬁsguﬁgg@r%ee 2 & 3ué¥‘oéﬁ glglg‘i rf&{}'fn see%(ar?ﬁlnebe
used for check the result of each reconstructed block {at the
encoder}. In such a case coding of difference blocks can be
avoided saving bits which then can be allocated for coding
blocks which were not reconstructed well, or coding regions or

parts of the regions in which rectangulars were not fitted,.

It has also to be noted that the RBC and the hybrid RBC-DCT
scheme can be combined. For example, in the first stages of the
transmission the RBC can be used. Then, the combined RBC-DCT
scheme can be used by adding rectangular blocks and coding the
difference between the original block and the reconstructed
block (part of the region) with a DCT scheme. Then the scheme
can continue using RBC-DCT or switch to a continuous tone
compressor like JPEG. Many different combinations of the schemes
can be used,

Thus, a PIT scheme which combines the advantages of RBC and JPEG
has been described. The proposed scheme can use approximately
the same number of bits as if JPEG solely had been used from the
beginning (in order to achieve similar quality at the final
stage of the transmission and better quality during the first
stages of the transmission) and at the same time provides the
receiver with a quickly interpretable image giving him/her the
possibility to abort further transmission of an unwanted image
at an early stage of the transmission, whereby the transmission



for a 256 x 256 pixels imge preferred to be 16 x 16 pi xels. However,

| arger or smaller blocks can be used. The bl ocks, which are fully
contained within a region of the segnented i mage are then coded using DCT
base functions_or other predefined base functions, such as DET

functions, WR¥PMIN | provide a hybrid RBC DFT scheme, wher®de

remai ni ng part of the regions and the othar regions in which rectangulars
were not fitted are coded using weakly separabl e (W5) base functions, such
as the one n aci ati on the des n of Fi 3 (bl ock
307) or otﬁ%?’&%yalpsg ‘?tlasol e efeor a?&d?ﬂﬁg%?g?tﬁ‘%r%/sesﬁ{a%p §§| BHEPgseﬁ'he
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one.



parts of the legs, etc. In such a case these sub-regions can bé i dentified.

A sinpl e way rformsuch an identification is to check tﬁmﬁin
grey val ue oﬁ$§8ﬁ§ﬁ¥£ Then, the RBC coding, for- exanple the pol'ynom al
representation, is applied in these sub- r&gions. It should be noted that
the divisi oRLAAMB sub-regions has to be transmtted to the receiver, if the

receiver is not able to identify this division. Wth this division into

bl ocks, there is no need for calcu]ating base functions faor these bl ocks.
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si ze, e.qg. g%B§e3§gng%I§B%n égﬂﬁﬁﬁkbﬁ%sagﬁ%§£°€u¥f Contdi ned in regi ons
and which are outside the larger rectangular bl ocks that were fitted during

the first stepaohetheddhdtsid®ihg td @0bARIY, AERardctariBld i9E thae ef¥6drc
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algorithm, when the image qualities of the two compression

this case, where it is not possible to fit rectangul ars, wlﬂluﬂﬂn&mﬁuﬁtuml
different parts (sub-regions), i.e. parts of the head, part a

methods become equal, as measured by the same criterion.

3. A method according to claim 1 or 2, characterised by, when
the switch from the RBC to continuous tone compression is
executed, the following steps performed at the transmitter:

~ creating a new image, a difference image, by taking the pixel
value difference between an original image and the RBC
reconstructed image at that stage,

- adding the value 2™!, where m is the number of bits used for
each pixel in the original image, toc each pixel value of the
difference image,

- truncating all pixel values into the range [0, 2" -1],

- compressing the difference image using a continuous tone
compression algorithm and transmitting the compressed image,

and by the following corresponding steps performed at the
receiver:

- reconstructing the received difference image using a
decompression algorithm corresponding to the continuous tone
compression algorithm;

- subtracting the value 2™! from each pixel value, and

- adding the image to the RBC reconstructed image.



\ZNS QZ{ag?gﬁgul ar, e.g. 4x4 or 8 x 8, is reached. Clpﬁl:/r S\I/_:vg;/soﬂmﬂljmm“I,Hﬂlltl”“l
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quadtree division that are fully containgg in a region, are coded with DCT
It should be noted that although the division is done into squares, it is
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t he regi orrcDEThdDiabretet Bourieam Baols fadte dbasgi tumdtienisangul ar or not) in

the segnented i mage, before it is coded by DCT, in order to reduce the

I nformati on to be coded. Thus, in the blocks in which DCT is used, the

JPEG al gor§-t Bnfeghod| Fcearding kedny of cdadmesii vedappharactanigedoin

spectral that the RBC scheme uses orthogonal or orthonormal base
functions for coding the regions of the segmented image.

7. A method according to any of claims 1 - 6, characterised in
that the segmented image is divided into rectangular regions
before it is transmitted and that the rectangqular regions that
are fully contained inside a region of the RBC image are coded
by means of predefined base functions.

8. A method according to claim 7, characterised in that the base
functions used are DCT (Discrete Cosine Transform) or DFT
{Discrete Fourier Transform) base functions.

8. A method according to any of claims 1 - 8, in the case where

the image to be transmitted is a colour image, characterised in

- that the colour image is transformed into a YUV image,

- that only the Y component is transmitted using RBC at the
initial stages of the transmission, and

- that if the receiver/transmitter decides to accept/transmit
the other colour components they are then transmitted.



sel ection. Wien the schene then switches to use JPEG the scmmm&mml
continue using the successive approxi mation or spectral
PCT/ SEQ7/ 00376 23 selection npth&ds fdt tthe”

bl ocks fully ﬁ&gﬁ d inside such a block, w thout using a @i -kkpRéREsR
| mage for suc ghﬁg wher eas JPEG approach I e. DCT based coding, is

applied to the rest of the blocks of the id&ge (in the difference inmage).
It should be noted that it -can be avoided to code the whole difference

i mge with «1§EGA %EQE ?&aé‘c cﬂ'ﬁ{gf YoRdads 69! bRuBactdrisdd ek thas keen
reconstruct ed wel

oret switch to JPEG i's executed, i.e. the quality
of such a blogderi so&atxrsngmp@enwerm Rade V) sare weder samplss pefore i!:Beyhat
particul ar blackrAbgiefos, a quantative nmeasure, such as SNR, MSE, etc.
can be used tor check the result of each reconstructed bl ock (at the
encoder). In such a case coding of difference bl ocks can be avoi ded saving
bits which tihenacaathed adtesrdaty ity angdiofgchbomiss whixd) Vm{di:am'ren.sed in

reconstruct odi ons or rts of the r

rect angul ar gg\ﬁge@“ﬁb’f‘gf ﬂgr q"[tafﬂfs o Eget grﬁﬁsﬂbﬁ%’d”?h%ﬁ ﬁ@gﬁﬁ& 5ﬂd

t he hybrid RB@gBCinscheemeam dxe neahilann edlofior oExeaph eregiont Hes first stages
of the tran @ gggg ge RBC can be used. Then, the conbi ned RBC-DCT schene

can be used I'ng fectangul ar bl ocks and codlng the difference between
the original block and the reconstructed block (part of the region) with a

OCT scheme. 1pheq hden38MgeE-Fdihd Al | '%o‘fs g iRBC DCT OF chlldatelr?s@d in
continuous tone conpressor di fferent conblnatlons of the
schenes can Byatysbg. continuous tone compre851on algorithm used is JPEG or a

DCT-based coding scheme.

13. A method of transmission, in particular progressive image
transmission (PIT), using a region based coding (RBC} algorithm
including segmentation of a digitised image to transmit the
image from a transmitter to a receiver, characterised in that
the segmented image is divided into regions having a predefined
shape before it is transmitted and that the regions that are
fully contained inside a region of the RBC image are coded by
means of predefined base functions.

14. A method according to claim 13, characterised in that the
base functions used are DCT (Discrete Cosine Transform) or DFT
{Discrete Fourier Transform) base functions.

15. A transmitter for transmitting digitised compressed images
according to a PIT scheme compressed by means of an RBC
algorithm, characterised by means in the transmitter for
continuous tone compression and means for switching between
compression with the RBC algorithm and the algorithm for
continuous tone compression.

16. A transmitter according to claim 15, characterised by means

for



Thus, a PIT scheme which conbines the advantages of RBC andnﬂmﬁﬁuﬁﬂmmll
descrlbed The proposed schene can use approximately the sa

bits as if JPEG solely had been used fromthe beginning (in of def t'o

achi eve S|n1larlﬁgallty at the final stage of the transm ssion and better
qual ity duri¥g $¥irst stages of the transnission) and atPEHEEIIMEH ¢ ne
provides the receiver wth a quickly integpretable inmage giving hinher the

possibility to abort further transm ssion of an unwanted inage at an early
stage of the_ tr nsn1SS|on erebg ébgftransn1ss on WO 97/ 33425

PCT/ SE97/ 003762 new image, erence image, hynhakindothe ¥
and p055|bVaﬂme)dhﬁfdnﬂnc@tbetwpanpase@rlglﬁﬁﬂaxmﬂwananﬂsadeinagbemsmere|n

can al so b g&&% f and noving inmages. In stil

I mage codlﬁg ﬂ{?ﬁg%@glﬁgg Dgg QH%QH%E% H be used instead of a JPEG or a
ful |y RBC scadding |21 m)vhﬁgeu mabe el bisshybeddfGRBGEIT wiotedme
can be Usefhféﬂe‘3¥¥gﬂlah 1h§3€5 f89¢Ks éﬁﬁ?é} H@Bjagk MOVing image coding

application, the schéne as_des erein can be applied for
codi ng di fTefemetingned]l pigel: valueprinkr ddenyangst (et 2hgilhe whesei Bt ed

frame fromshghomgibed ofNBits used M LBl in the original image,
PCT/ SE97/ 00376 25 CLAILNS
- compressing the difference image with use of a continuous tone

compressor and transmitting it.

17. A transmitter according to any of claims 15 - 16,
characterised by means for dividing the segmented image into
regions having a predefined shape before it is transmitted and
for coding the regions that are fully contained inside a region
of the segmented image by means of predefined base functions.

18. A transmitter according to claim 17, characterised by means
for deciding, when the coding is switched to a continuous tone
coding scheme, that no further information needs to be
transmitted for some parts of the image.

19. A transmitter according to any of claims 17 - 18, when the
regions have a rectangular shape, characterised in that the base
functions in the rectangular regions used are DCT (Discrete
Cosine Transform) or DFT (Discrete Fourier Transform) base
functions.

20. A transmitter according to any of claims 15 - 19,
characterised in that the RBC compressor uses orthogonal or

orthonormal base functions for coding the regions of the image.

21. A transmitter according to any of claims 15 - 20,
characterised by means for transmitting each colour component of

a colour image independently.

22. A receiver for receiving digitised compressed images,



1. A transnission nmethod, in particular for use in progre55| ﬂ“ " "“"
transmssion (PIT), characterised by using a region based co

conpressing an inmage including the steps of obtaining a segnente |nage

and transmttin digitised image froma transmtter to a rggﬂ?%g

t hat at sorre‘gpgmff the PIT, the conpression algorithmis swtch
conpressing the inage with a continuous t@® conpression algorithm 2. A
met hod according to claiml, characterised in that the RBC algorithmis

switohed 0RafQRELRHOME B M iURG %Sggeabg%agesm emng;s}efs@qngﬁegsg

qualities o WO conpression neth equal measur e
same critericompresged foyrgueans afc@ndRB§ adgeriihn 1axtsir mmmmp@esged by

when the swibghsf 5o o ERdd CRRk BHRPES &6h GAIGYSIHON and REEAY! 86r
the following steps performed at the transmtter: - creating a new. i nage,

a d|fferenc§°WhﬁBén9b5B@eﬁﬁﬂﬂquﬁ?dpﬂﬁéﬁ a4 eorf Frugush donse CRBPR egRed

ori gi nal inmageaapdrt hermKy r£ cvrpllettet 6dtpitotmade  hat stage, - adding the
value 2[err], where mis the nunber of bits used for each pixel in the

original inmge, to each pixel value of the difference image, - truncating
al | pixel vaBuea receivémeacnqpﬁﬂh@ t2[ elajm-22, alsaxhqmmngshngnbhfor

di fference i nage LN uo t gne SS|on I_t hm.and
transmtti n§ £ év%:o a?ecglsée:f) n%geefi%agghdcﬁg{'?ﬁg do%%‘egorrefgpondl ng

st eps perforrreelcansth@cirmt:emm receivegcdnﬁfemccmgmtatw maddi wed di fference

| Tage US! NOaBcARAPIBLSSSL A AR GOLEESBONCI AP (. SOAEURNSRt One

conpression a - subtracting the value 2[err| from each pr xel
val ue, and 31586Fﬁbmt%%§¢nage to the RBC reconstructed imge.

- subtracting 2™ from each pixel value, and for
- adding the image to the RBC reconstructed image.

24. A receiver according to any of claims 22 - 23, characterised
by means for dividing the received image, which is divided into
regions, into rectangular blocks.

25. A receiver accordirng to any of claims 22 - 24, characterised
by means for performing a switch between an RBC decompression

and a continuous tone decompression upon receiving a code word.

26. A transmitter, in particular a progressive image
transmitter, using a region based coding (RBC} to transmit a
digitised image characterised by means for dividing the
segmented image into regions having a predetermined shape before
it is transmitted and means for coding the regions that are
fully contained inside a region of the RBC image by means of
predefined base functions.

27. A transmitter according to any of claims 25 - 26,
characterised in that the base functions used are DCT (Discrete
Cosine Transform) or DFT (Discrete Fourier Transform) base
functions.



\2/\0697£1?312ﬁet hod according to any of clains 1 - 3PCI{1252(7:{ g?ﬁlﬂ“““l"“lull”““l

the segmented image is divided into rectangul ar regions/or redi ohs

anot her, predefined shape before it is transmtted and that the re |ons
that are fuMQ97B#¥ai ned inside a region of the segnented PFEFEIMOE6:oded
by neans of predefined base functions. 3&. A nmethod according to claim4,
when the regions have rectangul ar shape, characterised in that the base

functions j.n the rectangul ar regions used are_ DCT_(Di screte Cosine
Tr ansf or m?8or hD%?aFff‘éﬁg’e‘?% e Y §ﬁ§F6FH}aBa§%r Y thifoEogregsige
met hod acdmmdengrhnsmﬁgsnﬁnC(Rmes:bomﬂi;sahgractﬁamﬁmxtﬂérIdﬁu at he RBC

scheme us go b functions, for ng the reglons
of the se%%é%%bgg QﬁLz&Eté%;ikd‘ hod 5 i%?d#ngé?o é%ﬁ“%fﬁgﬂglns 1 - 6,
character |cs>mreﬁsphaandhae canfrignoas tmngecospdessuiedfomt@mp&retsatiml ar

regi ons befigy &%éggdl §xaééénﬁméﬁeeq:¢£&ﬁmg§ Qﬁdnﬁ&;@mﬂg{ %%%%EQ@% are

fully contal Inside’a region o | mage are Co
pr edef i nefobascsapshitting the SLmWQTél%GbeaE%FHV?@ t@d:lmﬁanS? in the

char act er itgad st EBAt £ esprseh i &iHeORSm Piégsﬁéﬁ? P (Bl Rt @ CgS' Re

Transform) or DFT (Discrete Fourier Trans base functions.

met hod acCOPBFR§SPE BRYCHPLESH ey image PhtPhEh%aggﬁﬁﬂﬂHQ¥5 tone

compressor at some stage of the PIT.

29. A system according to claim 28, characterised by means in
the transmitter for switching from the RBC compressor to the
continuous tone compressor, when the image qualities of the two
compressors become equal, as measured by the same criterion.

30. A system according to claim 28 or 292, characterised 5& means
in the transmitter for:

- creating a new image, a difference image, by taking the pixel
value difference between an original image and the RBC
reconstructed image at that stage,

- adding the value 2™!, where m is the number of bits used for
each pixel in the original image, to each pixel value of the
difference image,

- truncating all pixel wvalues into the range [0, 2" -1},

- éompressing the difference image using a continucus tone
compression algorithm and transmitting the compressed image,

and by means in the receiver for:

P
~ reconstructing the received difference image with a
decompression algorithm corresponding to the continuous tone
compression algorithm,
- subtracting the value 2™! from each pixel value, and
- adding the image to the RBC reconstructed image.

31. A system according to any of claims 28 - 30, characterised



the image to be transmitted is a col our inmage, characterised I mlu“maﬂm"l“l
the colour image is transfornmed into a YUV inage, - that on
conponent is transmtted using RBC at the initial stages of t he

transm ssi on, pg? 41§ hat if the receiver/transmtter decide 100376
accept/transrﬁw ot her col our conponents they are then transmitted.
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27 10. A nethod accordlng to claim9, characterized in that the other
col our co S I f h Les ' .
11. A netho accoréollL'{r{{jI legvgﬁghg?wepg?ns &‘R’%ﬁn?r;grh tgcggl?? aﬁ{@“ﬁ%}éﬁsd

during the havyirg s argeedeﬁflmé shapenbeform it He Jagmsmisgetnand bﬁdngar@

mean or medignd! Oknsafi 82N £689E881hS ‘El’ié"’kséBz.totn%dthatlgreAfﬂﬂ
according to any, of clains 1 - 11, characterised in_that the con |nuous

tone conpr eSSPEHREGIMSING dsgagionipEcthe maserHibenredaffpedchrse 13.
A net hod of shnetiseRrssi on, in particul ar progressive image transm ssi on
(PI'T), using a region based codi ng (RBC) al gorithmincluding segnentation
of a digitised inage to transmt the image froma transmtter to a
receiver, charaktsystsxd aicra:olrldangt be skgimmid chargeterided drdthat aueags ons

havi ng a pr f 0 n hat the I ons
that are fu ?g %ﬁdqm ne ElgedgEg 3D§'§c££@? S(?cf]1st1&’lsl§s(.rj} 5&5 to by
means of pr éBks¢rRte li‘a;sxxifeurn&‘tragﬁform base functions.

33. A system according to any of claims 28 - 32, characterised
in that the RBC compressor is designed to use orthogonal or
orthonormal base functions for coding the regions of the image.

34. A system according to any of claims 28 - 33, characterised
by means in the transmitter for dividing the image into regions
having a predefined shape before it is transmitted and by means
for coding the regions that are fully contained inside a region
of the RBC image using predefined base functions.

35. A system according to claim 34, when the region have
rectangular shape, characterised in that the means for coding
the rectangular regions that are fully contained inside a region
of the RBC image are designed to use DCT ({Discrete Cosine
Transform)} or DFT (Discrete Fourier Transform) base functions.

36. A system according to any of claims 28 - 35, in the case
where the image to be transmitted is a colour image,
characterised by means for: "

- transforming the colour image into a YUV image, and

- transmitting only the Y component using RBC at the initial
stages of the transmission.

37. A system according to claim 36, characterised by means in
the transmitter for under sampling the other colour components



14. A method according to claim 13, characterised in that tﬂmﬂfm

functions used are DCT (Discrete Cosine Transform or DFT ( ﬂumum”leml
Transforn) base functions. 15. Atransmitter for transm'tting® di‘gi t séd *
conpressed i cording to a PIT schene conpressed by neans of an RBC

al gorithm cﬁgggﬁ?%ﬁlsed by means in the transmtter for coRCHfEEN36one
conpression and neans for swi tching betwegn conpression with the RBC

al gorithm afwl dre wl.gorithm for continuous tone conpression. 16. A

transmtter according to claim15, characterised by neans for WO
97/ 33425 PCT/ SE97/ 00376

28 - creat3thgm syaﬁzeimrmg:cprdid&;f teramgeot nEligaimsb 36t akBNY ERsrdbtetiset ue

di fference i_g e_apd_an . RBC reconstructed ipage
at that sta tﬁ%ﬁﬂg %ngsmgﬁg?ﬁ Fs’Pﬁﬁ%% gf ng; & SETRPYYHR each

pi xel in thianatga gamhlthenmgap o0 nediah fdelmncef rmgh, regionndading tild

pi xel valu q o%ngﬁe[gragéﬁiéiidﬂj’ where mis the nunber of bits
used for eac plxe in the origrnal Tnage, - conpressing the difference

i mage with use of a continuous tone conpressor and transmtting it. 17. A

L anSm &t eragie 30 dtl AcRBYadhy 46! My ok orlima BT ACHEL ! ALY A, | 0!

dividing the segnented i mage into regions having a pre efi ape ore
it is transth ittt dhe PG’P%BHPH@ F‘Pfée r%‘@#R}’rPsﬁstoh‘atlsaPeJPml O;Dmaqmd
i nside a region

40. A transmission system, in particular for progressive image
transmission (PIT), using a region based coding (RBC) compressor
including means for performing segmentation of a digitised image
to transmit an image from a transmitter to a receiver,
characterised by means in the transmitter for dividing the
segmented image into regions having a predetermined shape before
it is transmitted and by means for coding the regions that are
fully contained inside a region of the RBC image using
predefined base functions.

41. A system according to claim 40, characterised in that the
means for coding the regions that are fully contained inside a
region of the RBC image are designed to use DCT (Discrete Cosine
Transform) or DFT (Discrete Fourier Transform) base functions.

42. A system for coding still images and/or video sequences
comprising segmentation means, characterised in that segmented
images are divided into regions having a predetermined shape
before being coded and stored or transmitted and that the
regions that are fully contained inside a region of such a
segmented image are coded by means of predefined base functions.



of the segnented i mage by neans of predefined base functions. 18. A
transmtter according to claim17, characterised by neans for deciding,
when the coding is switched to a continuous tone codi ng schenme, that no
further infor i eds to be transmitted for sone parts of_the |Iﬁgg

19. Atransmtter according to any of clains 17 - 18, when t have
a rectangul ar shape, characterised in that the base functions in the
rectangul ar regions used are DCT (Di scrett!@m ne Transform orﬁDFT

(Di screte Fourier Transform base functio 20. A transm ttda1> accordi ng
to any of clainms 15 - 19, characterised in that the RBC corrpre-s@ uses
orthogonal or orthonormal base functions for coding the regi onsunf the

i mage. 21. A transm.t.t.e.r according to any of claims 15 - 20, &

characterised by n foi transmtting each col our conponent a col our
i mage i ndependehtl 22 A receiver for receiving digitised donpressed
i mages, P W P7/33425
PCT/ SE97/ 00376 ' 0 ) 29 characterised by neans
for receiving apd My &ssi ng i mages cpnpressed by neans
al gorithm and imag onptessed by neansj of a continuous t o ssion
al gorithm and ey or eombi ni ng RBC clonpressed data and c@ntrm s tone
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23. A receiver according to claim?22 also having neans for receiving a
difference i mage, characteri sed by neans for - reconstructing the received
difference inage with a deconpressor corresponding to the continuous tone
conpr essi on alywgwhAddpd used, - subtracting 2[err] fromeach pixel value, and
for - adding the image to the RBC reconstructed -i nage.  24. FCHRROI0GI¢
according to any of clains 22 - 23, charagterised by neans for dividing the
received i mage, which is divided into re@{ , into rectangul ar bl ocks.
25. A receiver according to any of clains - 24, characterised by neans
for performng a switch between an RBC deconpression and a continuous tone
deconpr essi on upon receiving a code wor g 26. Atransmtter, in
particul ar a progressiveg,inmage trans@tfar\ using a region based qggng
(RBC) to transnit a digtised i mage Eth:terised by means for di\%ﬂﬂg t he

§ ©

adl

segmented i mage into r@dons ving a predd¢term ned shape before i

transmtted and nmeans e codéng the reyohs that are fully contai

inside a region of th C y nmeap$ of predefined base func {inS‘.
27. Atransmtter acc nd td §hy of cfgims 25 - 26, charaaberised@n that
t he base functions usedggre =P scretp nsform eer DFT
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30 28. Atransmission system in particular for use in progressive inage
transm ssion (PIT), conprising a transmtter and a receiver, characterised
by a region based coding (RBC) conpressor and a continuous tone conpressor
for conpressi Rgpgyslsed tised image in the transmitter and nmeang.loed g
transmtter for transmtting the image to the receiver, and neans 1n the
transmtter for swtching the conpression with the RBC conpressor to
conpress the inage with the-continuous tog @onpressor at sone stage of the
PIT. 29. A system according to claim 287 characterised by neans in the
transmtter for switching fromthe RBC conpressor to the continuous tone
conpressor, when the inmage qualities of the two conpressors becone equal,

as neasured by the sane criterion. 30. A system according to claim28 or
29, characterised by neans in the transmtter for; - creating a new inmge,
a difference i magd, pi Xel=yabtq di ffer@anc

original inmage an 'ucte@i_.r_r@ge at U]:Ht agidi ng the
value 2[err], wher - of {bk t33)sed 1mrg$ [ '

original imge, tg e of @é fferelae - ncati ng
al | pixel val Ges 1] _ZT!EE;,“, i

di fference i mage ) 5t or ress

transmtting the d @ssé¥|i ma arg afeans -
reconstructing thg reécei vad| di bnce [ehage Wit h orithm
correspondi ng to the confl nuous he conprfessi on | i ng

the value 2[err] from eacks pi xel | ue, and8- adding t image to tﬂg RBC
reconstructed i nage. 319A syst &n accordifig to any of®cl ai ns 28 =&0,

characteri sed
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31 by neans in the transmtter for dividing the inmage into regi ons having
a predefined shape before it is transmtted and by neans in the transmtter
for coding thgé{f’gh@gs that are fully contained inside a regi 7

I mage W th preader base functions. 32. A systemaccording to clarm 31,
characterised in that nmeans are desi gned se DCT (Discrete Cosine
Transforn) or DFT (Discrete Fourier TranAﬁ base functions. 33. A
system accordi ng201 any of clains 28 - 32, charac#gri sed in that the RBC

conpressor is to use glmbogonal or orthd Pral base functions for
coding the reg f {t he 1lonag 34 __A_Sys

28 - 33, char | 1y [FRANSTORMABON el L o P LING
into.regions h P{%fa predef i nd@ ¥HMpe peff or ¢ bepOEEzm' ; and by
means for codi d Hegi ons that:s are fully & a |regi on of

the RBC i mage using predefined base functions. 35. A system gccording to

cl ai m 34, when the region have rectangul ar shape, charact hat t he
means for coding the rectangular yegions that are fully cpnt3SB®ITi nki de a

'gbp" M
i

b any of clains
| t he i mage

A R R L N Sy Egig- iy

or DFT (Di screte Fourier Transform base functions. 36. | FQRIHETY 4

according to anF')Gcl a}m; 28 - 35, in the case
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where the image to be transmtted is a colour image, characterised by neans
for: - transformng the colour inage into a YU/ inmage, and - transmtting
only the Y conponent using RBC at the initial stages of the transm ssion.

37. A system ggeo é? to claim36, characterised by nmeans indhggmnaare
transmtter for under sanpling the other col our -conponents @ﬁ%

97/ 33425 PCT/ SE97/ 00376
32 (U and V). - 38. A-systen1accordf§f§$o any of clainms 36 - 37,
characterised by nmeans in the transmtter only transmtting a segnented

i mge and the nean or nedi an col our of each region during the first stage
of the transm ssion. 39. A system acgetding to any of clains 28 - 38,
characterised in that the continuousgfejconpressor is a JPEG conpressor.

40. A transmi ssion system in particg FSIVE i mage transni ssion
(PI'T), using a region based codi ng ( R§e Jjonpr essor i ncl udi ng neans for
perform ng segnentation of a digitisedidg®ge to trapsmt an inage froma
transmitter to a receiver, characterisedf by nmeans ih the transmtter for
di viding the segnented inmage into regions having a predeterm ned shape
before it is transmtted and by neang~—for—tqding thg regions that are fully
contained inside a region of the Lmag sing prgdefined base functions.
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41. A'syster'n according to claim40, characterised in that the n&ag@ﬁ%o‘f:f— 2.9 -4
coding the regions that are fully contained inside a region of C
i mage are designed to use DCT (Discrete Cosine Transforn) or '

ACON

Fourier Transform base functions. 42. A system for coding B\ | mages
and/or video se S CONPr gk YR STE A rREPERN oRERRETInc har act SPMEWd i n t hat
segnment ed i nage di vi ded i nt o r edietiomsiong a predet er mi ned shape

bef or e beiINUERNAIHONAD APBLICAFIONOPUBRLISHEDTUNDER THEPATBNT CODPER ATIONITREATH {(PCT) €

fully PO o Alithal Pt Chsdhdiat® O 0T SN 0RO e lTables COIWP¥1133425
neans ( pﬁ&&%ﬂ% base functions. Al
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(57) Abstract

A method and a transmission system for use in coding and Progressive Image Transmission (PTT), in which the tansmitter at the initial
stages of the transmission uses a Region Based Coding (RBC) scheme (905) in order to provide the receiver with an image of good visual
quality at a high compression ratio, which the RBC is known to be able to provide. At a later stage of the transmission, when the visuat
quality of the RBC image is no longer superior to other compression techniques such as JPEG, the PIT switches (903) use a continuous
" tone compressor (907) for the further transmission, without losing the information contained in the RBC image already transmitted. Also
4 hybrid RBC-DCT (Discrete Cosine ‘Transform) is used for further improving the performance of the transmission scheme, in which the
image segmented by the RBC algorithm is divided into rectangular blocks, and those blocs that are fully contained inside a region of the
segmented image are transmitted using predefined base functions such as DCT base functions. Also a method for video coding using a
* similer scheme is disclosed.




