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@ Abrégé :

The invention discloses an apparatus for decoding a video sequence, compressed
according to a known data modelling method suitable for transmission or Storage, into
decompressed frames, suitable for viewing, said encoded data model comprising a
plurality of spatial intensity change patterns, called intensity loads, a plurality of spatial
address change patterns, called address loads, and a plurality of values, called scores,
specifying for each frame how much of each load should be present, the apparatus
comprising: (a) means for receiving (320; 406, 408) and storing (326; 414, 416) the
plurality of intensity loads and the plurality of address loads; (b) means for receiving
and storing (328; 442) the plurality of scores; (c) means for aggregating (340, 354;
446, 476) the contributions from each intensity change pattern and corresponding
scores into an intermediate image; (d) means for aggregating (340, 352; 446, 474) the
contributions from each address change pattern and corresponding scores into a

motion field; (e) means for displacing (360) the contents of the intermediate image
1

images.
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@Abrégé (suite) .

according to the motion field, producing a final frame (370), wherein means (a) to (e)
are connected in such a way that a pipeline consisting of parallel synchronous data
paths is formed, through which pipeline the intermediate image and motion field are

continuously transmitted. The invention further discloses a corresponding image

decoding method.

@ Inventeurs (suite) :
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APPARATUS AND MLETHOD FOR DECODING VIDEO [MAGES

DESCRIPTION
.\\

Field of the Invention

1 be present. The invention further relates to a method for transforming a source image,

Positions in a second two-dimensional coordinate system.

Background of the Invention

Lo The use of digital techniques for transmission and storage of images is becoming more and
more widespread. However, the high number of bits required to represent digital images in
raw form is often a problem, demanding high transmission band width or large amounts of
storage media. This s the motivation for using compression techniques, which aim at reducing
the number of bits required to represent the images without impairing image quality too much.

<0 Early methods of digital image transmission and storage used Pulse Code Modulation (PCM).

More recent systems use digital compression techniques. One such compression technique is

JPEG, where each frame is compressed as a st image, independent of the other frames. The

frame is digitized into picture elements, called pixels, and the pixels are grouped together into

blocks of 8x8 pixels. Each block is transformed using DCT (Discrete Cosine Transform). The

25 transform coefficients are quantized and run length coded, and the resut is then coded with a
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for viewing.
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Yet another passible yroup of applications is simulators, tames and Virtual Reaiity  Sucn
Systems produce Images that are partly based on already avaiiable images, and panly ca
interactive yser input. A set of rules decide how user input should affact the Images to te

displayed.

decoding the same data sets.

It is an object of the present invention to provide a hardware architecture that implements a full

IDLE image decoder capable of running in real time,

It is a further object of this invention to provide an architecture that can be used for a range of
wanted image sizes ang complexities.  Therefore the invention is presented without
dimensioning for one particular TV system etc, but rather with descriptions on how to adapt to

various formats.

cost of an IDLE compliant decoder.

It is a stilf further object of this invention to provide a decoder that is robust with regard to

transmission errors.

Further it is ap object of this invention to provide a decoder that can be used for interactive

simulations and games.
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Summary of the Invention
———=L0 the Invention

According to the [DLE modelling principle, the content of the sequence is broken Into scenes.

In each scene, each object, called holon, is modelled Separately using spatjal intensity change
patterns, cajjeq blush loads, spatial address change patterns, called smjje loads, and
corresponding values called smjje and blush scores that specifies for each frame how much of
each load should be used to reconstruct the holon. The holons are in the end placed together

in a finished frame, suitable for viewing etc.

bit), yet the quality of the produced images is very good. Most operations are simple
additions, multiplications and shifts, Some division modules are needed, but they can be

computed with so Jow precision that a look-up table can be used.

Based on on these prnciples, a hardware implementation of this decoder can be configured to
provide a processing speed of 100-10000 times that of a Personal Computer nunning an

equivalent software program, yet the cost in mass production may be lower Frame sizes at
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least up 1o pAL or NTSC format, and models with high complexity, can be handled using
currently avaijable VLSI technology  Since thjs invention is compliant to the system described
in WO 95/08240 mentioned above, the advantages mentioned there also apply. These include

8ood compression ratios, good image quality, and good interpretabi“ty and control potentia| of
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15 Fig 9

nnciple of 3 Move modyje based op tnangies
Zu Fig. 14 8ives ap implementatjop of a move module wjth Progressive interpolation
Fig 15 shows 5 Loop cireutt, to be ysed 4s part of the move moduyle;
Fig 164 shows the numeric prnciple for the Interpoj cireurt of the moye module
Fig. 16 p 8ives ap Implementation fo, Interpo}:
Fig 17 shows 5 Place cireuit, to
25

module baseq o backwarg mapping
Ig. e the principle of 3 moye module based o Quadrangies
Fig 21, lustrates ap, Ideal strategy for handling antialiasin
3U  Fig 214 ilustrates ap approximation to the ideal strategy,
Fig 22 giv
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Fig 23 illustrate tinal filtering residuaj correction for the frames;
Fig 24 shows a system for altering iMmages during decoding, to be usede . for £2mes:;

Fig 25 shows 3 System for altering speed of piayback during decoding

Detailed Descrigtion of the Preferred Embodimems

First Preferred Embodiment
—————1Itd Embodimen
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each factor multiplying together the score wir, the load for each pixel, and then adding the

result pixelwise.

smile factor consisting of a product of score and loaq

COmponent, ang thereby let one score affect a motjop in both a vertical and horizonta)
direction.  Tp;g is called Non-separable smjle modelling. The respective advantages of

Separable and Non-separable smjja modelling are similar ¢ those for blush modelling.
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The blushed Image is then moved according to the smile field. How 10 ove, 2is0 called warg
or displace, an image according to a smile field, ofien called motior field. warp Zeld or
disparity field, is described in "Digital Image Warping", third edition. G. Wolberz, [EEE

Computer Society Press, 1994, which is hereby included by reference. The rescit 250 is then

dimensional grid of vertical and horizontal coordinates, and they have a high degree of spatial
redundancy. It is therefore efficient to store or transmit the loads according to known image
compression techniques, e.g. DCT as described in "The JPEG Handbook", W. Pennebaker &
J. Mitchell, Van Nostrand Reinhold, 1993, which is hereby included by reference, or wavelets,
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Or predictive coding, Accordingly, on the decoder side the ompressed loads must pe sent

through a gy image decoder 324 where it is decode into its ful] Tepreserzation,
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Further Processing wijj 1ake place baseq op a pipeline, CONsIStng of 3 dzrg Pati with severy
pipeline channels ang of severa| Processing elemenys applying varioys OCeratiors to the data
armving o the Pipeline.  The Pipeline wijj be synchronjzed Using a pinefine clock  Each
pipeline clocy pulse corresponds to gne new RefF] entering the pipeline, ar4, equivalently, ope

Operation being applied to each of the other RefEls already in the pipeline.

In scan order from the load stores.

The new Position for the 8roup of Joad elements is pow found by adding tha current

Coordinates and the contributiong from the smile factors by a sum smile module 357 It may be
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impleme !
Piemented a5 ope three structyreq adder adding toyether all the contrbutions in the vertical

direction ang Similarily ope for the horizonta) direction.
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will Ee aple g handle [arye, Image sizes with more Complex content both with regard (e

mode.‘ling OPerators any number of factors, with relatively little increase in memory ard chip

A COmpressed bjt Stream 407 js first fed to an error controg| and correction module 406, ECC
for shorr. This module may both detect and correcy transmissjon e;rors employing methods
like Reed-SoIomon codes known from prior art, or just detect ®ITOrS using methods like cyelic
redundancy check, CRC for short "Digital Communications“, J. Proakis, McGraw Hill, 1589
hereby includeqd by reference, shows how tg implement Reed-Solomon codes. In applications
Where 3 two-way transmissjon Is available i would a]sgo be possible l0 request 2 retransmission

of the eIToneoys data.

The load Stores 414, .46 may be designed 5o that they cap be written to while a frame is being
decoded. Ope way of achieving thjs i to used Videg Random Access Memory, VRAM, for
the load Stores.  VRAM has the advantage of having two ports, one random access port for
Writing and one serial port for Output. To avoid inconsistensjes coming from ope RefE] being

read out from the load Store at the same time it s written, the Score in the score Store 442 for
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the corresponding holon and factor can be set to zero, thereby disabling contributions from the
load being written Alternatively, the router 463 to be explained later can be set up to not

forward the results from the load being written

Another solution js 1o use traditional, slightly less expensive single port RAM for the load

stores, switched so that at any point of time, each Joad store can be either written or read.

Each element of the S field has associated with it a vertical coordinate v and a horizonta]
coordinate h. Each of the loads for the corresponding holon also has an element associated
with the same v and h. An S field element, the corresponding load elements and the explicitly
or implicitly given v and h coordinates will in short be called RefEl The coordinate system
associated with the holon will be called the reference position. For the S field layout shown in

Fig. 5 a, all holons Were given in the same coordinate system.

start of the run,

One advantage of including the intended vertical and horizontal position in the S field store, is
that this may be ysed to compensate for fixed position offsets. Assume that two holons had a

tendency to alternately occupy the same position in some frames. Since they cannot be stored
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In the 5ame position inad

e 5 at |

€ast one woyly have t5 pe
ates. If no other mechanism were implememed 0 modify the Position
of holons, 4 separate Smule Joad Must then pe used to m
position, i
5

ove the holon tack 1o is Correct

Same effect to be achieved more
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these methods are based on address initialization for the first RefEl in a run, and then sequential

readout is used 1o access the rest of the RetEls in the run.

The load stores may be updated. Dependent o in which order the encoder finds its factors,

new loads may be transmitted and the S field may be updated in any order,

old contents of load stores when there is a need to make room for new factors. One method is
to have reinitialization to €mpty upon command from the encoder.

Another more advanced method is to allow selective deletion of contents of load stores. The
parts to delete can have be choser by a priority mechanism in the encoder, and this priority

mechanism may assign low priority to holons that are no longer visible, or loads that are of
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little relevapce Processes in other systems based on simjjar ideas are therefore often called

garbage collection.

Fig. 9 shows 3 circuit for garbage collection. The circuit 900 consists of one load store and

associated address Benerating logic. It can be operated in normaj mode, accepting loads 910
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resclution ang high frame rates.
fe
ock, but rather each pipel
s Present, ang signals 1o the next st

be more complex, byt hig

then 3 hy_:er-systc.?ic
Using this design method.

ine Stay

ag

there |5 no

t one ccmmsp
€ starts ts Processing as socq as tke necessary ingyy
€ as soon as the Output is ready.

her throughput can be achieveq.

The centrof design wrj]

There are Several possibje

reasons for Tepresenting the |

oads in
the data themselves have

Several resoy
low resolution; jf the Camera has o, resoiu
estimatiop technique which encourages smooth motion fie

tcrs. Ona i that
uon, cr if 4 melon

Ids is used, then some Cf the Elush or

10 Another reason for Tepresenting loads i different resolutions js thay the same bjy Stream may
be decodeq On decoders i, different Capabilities. The loads may pe split i one Eroup
Necessary for Jow resolution decodmg and another Optional group that may be added for high
resolution decodjng The low resolution decoders thep only decode the jow resoiution [cads,
while the high resolution decoders decode botp the low and the high resolution loacs.
1y

As the Mmemory needed tq implemen; the loa

d stores Mmay contribyte sigru'ﬁcantly to the system
cost, it is advantageqyg to exploit the oy, resol

ution when storing the Joads.
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Refem'ng 3gain to Fiy 4, the Joads from icad stores 14 pass througi: 3 Spat:al expang steg

430 before being sent 10 a multiply modyle 444

To keep the simple systojic data flow oyt from the Joaq stores, it is preferable 1o design the
€Xpand moduyle g, that the readoy; logic for the load stores functions inde;endemly of the later

€Xpand mody|e.

To maximiz, flexibility, the eXpand step ;s preferably equipped with ap enable/byvpass switch,
which either je the data from the load store pe €xpanded or et them Pass unchangeq through

bi-linear interpolation.
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run length ang variable bit length coding.
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For differential coding, one concealment method is to repeat the prewious score when :
difference |s mussing. For predictive coding, one concealment method s :o wse oniw the
predictor without a corrector when a corrector is missing. For subband cccing, ore method s

to reconstruct the data without the erroneous coefficient if one is mssing.

Alternatively, the scores may be compressed and decompressed in common. One method s te
maintain a bi-linear mode] of the scores. Descriptions on how to form amd updzte bi-linear
models can be found in "Multivariate Calibration”, H. Martens & T. Nass, John Wikey & Sons,
Chicester 1990, which js hereby included by reference. Instead of transmitting the sccres
explicitly, the scores are again modelled as meta-loads, meta-scores and residuals These are
quantized, and may be coded using methods such as run length coding and ~ariable bi: lenzth

coding,

Another possibility is to use bi-linear modelling of scores for error concz=alment  On :he
decoder side, a bi-linear model of the scores is maintained. When scores daza are erroneous,
these are given weight zero for updating the model. The bi-linear model can then be used :0

feconstruct values for the missing data just by multiplying meta-scores with meta-loacs.

For some applications, e.g, compression with extremely high compression ratics, thers may nct
be sufficient band width to represent camera noise or other seemingly randem patzerns. In
other applications where the mode} may have been produce using computer graphics methods,
like simulators or games, the subjective image quality may be improved by adding carnera-like
noise. And further, because of quantization in the transmission of loads Or in cr atter the frame
buffer, dithering may be wanted How to use random noise as a method for citherinz can b2
found in "Fundamentals of Digital Image Processing”, Anil K. Jain, Prentice Hzll, 1989, which

is hereby included by reference.

One preferred embodiment for how to achieve the goals given in the preceeding parzzraph is
to use a texture generator module 455 produces texture based on filtering randem ~umbers
from a random generator 457 Examples on how to synthesize texture caq be fzund in
"Fundamentals of Digital Image Processing”, mentioned above. The random numbers may be

produced at the same rate as the speed of the pipeline. Filter coefficients, a~d thersby the
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PUrpose, a router i used. It can be implemented as a crossbar switcp, »1th abiiity to connec:

any ofits inputs 4 any of its outputs,

stored in a royter SEIUp store 462 whick js updated before each frame. The royter setup store
IS organized i one row for each holgn and one column for each output chanpej from the
router. Each number stored in the rouger Setup store specifies which inpyt Fipeline channe] the
output should pe connected to the output channe]. E.g, if a number in the secong row, third
column is 4 j means that each time ay element belonging to hojon 2 is precessed. the value

output for outpyt channe] three shaf pe fetched from input channe 4.

RGB color Space are Created, and ajso assume that the bjysh factor 212 not only affects the red
channel, causing the cheeks to become more red, but also cayseg the same ares 1o become
slightly more green and slightly fegg blue. In this case, this could pe Tepresented as one Joad,
but with individya] Scores for the red, green and blue color channel. Thjs mechanism can be
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that a snowtall has been photographed. Each snow flake is visible, and Moves so slowly that it
is possible to follow each snow flake at least for a shont time while jt is t'alling, but szill its path
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nonlinear transform.  Qther color spaces, like YUV, perform less well but have simpler

implementations,

color signal consisting of y 710, u 712 and v 714 as input. Each output, r 740, g 742 and b
744 is made up of a weighted sum of the inputs. The weighing can be done using look up
tables 720, in short LUT. The sum can be made using adder 730, 734, and, if necessary for
synchronization, delay circuits 732,

To allow better freedom in the ordering of the holons, a Z buffering algorithm can be used.
The book "Principles of Interactive Computer Graphics” already mentioned above, describes
how this is done using the name "depth buffering”. In one preferred embodiment, this can be

achieved by assigning each holon a depth, or Z, value. The direction of the depth dimension is
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Since affine transforms can pe used to medel sijff objects, affine transforms are in <hjs patent
called nod ransforms  The corresponding verh, "t ncd”, refers (o azpihvng an affipe

transform

One preferreq embodiment s 1o let the nod transform operate in 2D In ths fecresentaticn,

€ach nodded Coordinate equals the old v and h component of the old coordirate ‘rassformed
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This €xpression :s implemented

| T

F‘ﬂ‘lcj Nvy Nyh Nvz Nve ‘/Sme | Nt
HNz = = Nhvw Nhh Nhz Nht * HSm; + Nht

LZNC:‘J Nzv NzRh Nzz Nz-t_/ ZSmi Nhz

vNod 840 ;s formed by multiplying Nyv 820 with vSm; 810 in a multiply modyle 830,
multiplying Nyh 822 with hSmy; 812in a multiply modyle 832, Nvz 824 with zSmi 814, and
Summing thege three intermediate results together with a suitably delayed 834 version of Nyt
826 using a three Structured adder 83 6, 838, 840.



10

or
T

<5

Operation that takes place only once Every trame for each holon, so if the cantrol processor
404 is impiementeq a5 a general purpose Microprocessor and hag SPare capacitv to persorm this

conversion. thjs methods requires no additional hardware except for communication paths

more detailed viey, of this module. v 1010, h 1012 and z 1014 for a RefE] arnves every

pipeline clock pulse. A vertical offset vOffset 1020 Is added in an adder 1030 to the v

transform, though not a possible degrees of freedom in a general affine transform are
implemented.

The encoder may‘ compress the nod matrices.  Qpn the decoder side, thev must be

decompressed correspondingly in 4 nod matrix decoder 481. One possible method is o



In the previoys Paragraph, it yqs 45sumed that whep, a pixel wag Placed in gop of an adlready

Computeq Pixel, the new pixel Completely Covered the oq pixel. T dssumption cap pe
relaxed another poss;
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differences relative ¢ the previoys frame

2y, 2Preh setur myst s
2Prog S€tup decoder 434

€ System to the frame cocrdinate
ntent of the reference Position Image ;s Tepresented a5 wedl as possiple
in the finy) frame
Fig. 12 4 shows 4 detaileqd View of the sip,
1226 op two sy

6
80, 1282, 1284, 1236 of

Correspond exactly to pixe]

A final frame Coordinaze system
0 and columng 1262 js shown,

the RefFjs are known, py; the moveq positions in gene
Positions i the fina] frame. p,

€S at those pixel positions 1290, 1299 that are inside the areg
With known values a5 corners.

Int

ensity vajyes at moved Dositions
m

ral do net

wever, these can be yseq to
terpolate peyy intensity valy

defined by a‘quadrangle 1270



010382
Bach scan line |5,

(S

10

j-
g

20



10

20

25

010382

[
(Y]
(Y )

a lower RefE| [446  1p dezenerate Cases whrere two or more RefEls have the same verticy]

position, thap any ordering between them will work
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ordinate syster 1610 for the independent vzrap/e ¥+ and one coordinage sistem 1620, 1630

{640 for each Sf the dependen variables r, ¢ ang b The intermediaye Indezender: vajye - is

The hardware IS given jp Fig 16 b The interpclation module 1650 accepts as input +he values

for the independent vanables at the endpoints, ¢ and v1, and an intermediar e value. vi. The

the h vajye €an take place In g known order, here chosen to be mcreasing values, corre.

Sponding to generating pixels from left to the right.
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The v and h values from the v ang h loopers 1464, 1484 can now be used to calculate the
frame address of the current pixel in 4 VHZAdr module 1499 For frame buffer scan fige
lengths of Powers of two this can be done bv concantenation of bits;: otnenwise an expression

like v*nh+y might be used

The pixel vajyes are then placed in the image by a place module 1492 using the generated

address 1495 ¢4 update r, g and b vajues 1497
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example is tho Same as in Fig 13, The nioved tnangle 1326 between the thre moved RefEs
1320, 1327 1324 in Fig 13 4 corresponds g the reference Position trignge in Fig 134
between the same RefEls 1370 1372, 1374 before they were Moved. The leftm
b tion 1337 betwee
5

an be Mapped o , corresponding
pounts, the Pixel 1330 ¢ap be Mapped pacy to a correspondmg
point 1390 Once the Coordinates of this point |3 90 are known, they can pe used to inter.
polate values fy, €ach of the Wanted domajns, 8 rgb z and Prop and these Interpojateq
Values wijj then be OUtput from the Move module a5 values for the Wanted pixe| 133 0
10 For 4 hardware Implementatiqy, of this, refar to Fig |9 showing an architecture g a move
module 1900
A contro] Processor 1995 controls the tming anq Coordination of the circujp Its inter
Connectiong With the vanous modyes are not shown
The {ncoming values v, hzs I, & b and prop for a Refr] are shown 3 one bus 1910 By
L USng time defays . RefEl buffer 195 Produces the four Rege 1920, 1921, 1925 19y
Coresponding 4, 2 quadrangle '
Values fo, VFract 1975 and hFracy 1926 are Supplied for egcf, of the RefEjs
A toggle 1930 controls 4 Switch 1932 ¢4 that the upper left anq the lower night tnangle are
Produced
2 The S fiely value of the RefEls in 1he tnangle are checked by a COmparator 1940 and if the
alues are not the Same, that is, if they do not belong to the same holon, then 3 Next signal
1942 is sent OUL Lo signify tha the next tnangle shoyjq be processeq
The RefFq are sorteq by their
Which
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The v coordinae of the upper RefE] js founded to next scan [jpe In a ceil meduie |05 . and the
v Coordinate of the lower RefFl s founded 1o previoys Scan ine in a flocy module [952. These
vaiues are clipped againg: the vertical size of the frame in twq clip modules 195) 953 A

loop module g5, loops from the first to the secong of these two values, producing a cyrrent v

Based on the current h valye, values for vFract and hFract are interpolated in interpolation

module 1978 VFract and hFrac oW specify a sub-pixe] precision position in the reference
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this address IS used 1 place the r 2. and b values into the frame buffer by a place moduyle
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the Quadrangle Tpeqe can either be used o, prouressively interpolan'ng values for all domains
at intersectiong between quadrangle and scapn lines and theq interpolating between these again
for all pixejs 2030, 2031 within the Quadrangle on each S€an line, simjlar 1o what was shown i
Fig 14 or they can be yseq to compute vFract, hFracy values to be yseq for two-way finear

imerpolaticn, Similar to whg, was shown in Fig 19 Tpe latter s lustrated ip Fig. 206 The

hFract vajye for the finaj pixel position 2090, 2092 can be computed. This js thep used as basis

for the two way linear interpolation
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a maximum frequency content For smaller vajyes of the magnification factors, the reference
image must pe correspondingly filtered o below Nyquist frequency Thys there is usually 3
maximum frequency content 2102 and a minumum frequency content 2104 for the reference
image, and for iNtermediate magnification factors there is an ideq] Ccut-off frequency 2106

inbetween.

From Compression ratjo considerations, jt js usually preferred pot having to retransmit many
VErsions of the reference image Ths would normally mean that the anti-aliasing filtering
would have tg pe done in the decoder. However, there js an approximation as indicated in Fig.
21'b. Insteag of having a variaple ideal cut-off frequency between the minimum 2154 ang
Maximum 2157 frequency contents, the image can pe split in one Jow Pass and one high pass
Pan, and the amoup of used hi

A data flow diagram of this js shown in Fig 22 An anti-aliasing preprocessor 2200 is given as
Input smile Scores 2210, smile loads 2212 ang an image in reference positjon 2214, Only one-
factor smile ang blush is used for this example, byt similar principles apply for input with multj-
factor smile ang for input with nod.
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FOSIGN IMage is {armed in 3 subtractor medule 2234 and Cutput as a second tiush lcad 2270
to the decoder The fequired amount of high pass content s computed in 2 module 2240

This computation snculd be so that scores ciose to the worst case should resuit :n values close
10 zero. and small scores should result in vaiues ciose to one. The result is fed -0 the cecoder
as a blush score 2268 for the second blush factor. The original smile scores 270 and smule

load 2212 are fed unchanged 2260, 2262 to the decoder.

The decoder is simjlar to ajl decoders discussed eariter, in that it multiplies in muitiply modules
2280, 2282 the blush scores with the blush loads, aggregates in an adder 2284 the results, and
MOVves in a move module 2288 this image according to the product, computed in a muitiply

module 2286, of smile score and smile load, thus producing its final image in frame position

The transfer of pixels between the move module 492 and the frame or field buffers 497, 498
can be a bottleneck. E.g. for PAL sampled at 720*576 with 25 frames per second, this
corresponds to more than 10 000 000 pixels per second. Because of time lost when switching

between frames and runs, because the move module because is not always able to produce one

either high cost memory modules must be used for the entire frame or field buffers, or a cache

494 can be introduced between the move module 492 and the frame or field buffer 497, 498.

The pixels output ffom the move module 492 are generated according to the order defined by
the S field for systems with run length coded S field and in scan line order from reference
position for other Systems. This means that the output satisfies one important condition for a
cache to be efficient, namely spatial locality: If one pixel ended up at some position in the frame

or field buffer, it is probable that the next pixels output will end up in nearby positions.
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Details op Acw 1 Cesign cache can ge found in "Computer Afchj[ecture, a Quantitatjye
Approach” | Henness_v &D Patterscr. Morzan Kaufmang Publishers, 199, which is herepy

included by Teference

Other cXamples of how 10 use the Metamodelling feature cap be found i W095/08240,
already mentioned above,
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To expleit time efficientlv, a doukle bufter can be used |y this case. one buffer s written be
the decoder whije ancther is read by the video circuitry  Each time one tuder has been filled

and the other is ng longer needed for viewing, the roles of the two buiTers are switched

One preferred embodiment is 1o Jet the contents of the buffer to be filieg with a deccded image

be reset to €mpty each time the buffers are switched.

possibly on Command from the encoder. However, there are cases where the reset is not

wanted. One such reason is that serioys transmussion errors have been detected, and instead of

of skipping the reset may come from either the encoder or the decoder.

After the frame has been decoded according to the IDLE principle as explained above, there
may be reconstruction errors, caused by the IDLE mode] not being able to reconstruct the
frame fully. The residual may then for each frame pe transmitted and added before the final
result is viewed. By using traditional Image compression techniques, the compression gain for

the residuaj will be high, because most of the structure of the original wi| already have been
€Xpressed by the IDLE mode].
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This s illustrated in Fig 23 An Incoming compressed bit stream 2310 czntains both the
compressed IDLE mode| 2324 and framewise residuals 2322, A demux 2325 splits the two,

such that the [DLE medel 2330 is decom ressed intor, ¢ and b values for frame accerding to
r g

In the preceeding, the bit compressed bit stream has been explained in terms of how jt Is
decoded in the various modules. To give an alternate view, here is a short sample of the
structure of the compressed bit stream, shown in symbolic, simplified form:

(1) Time code 1-23-45-06-0dd |

(2)  Initialize to empty model

(3) Addone holon with format equal to entire frame

(4)  Add one blush factor, R, G and B, for first holon [Compressed loads, R, G, B]

(5)  Set scores [Compressed scores]

(6) Decode
(7)  Time code 1-23-45-06-Even
(8) Decode

(9)  Time code 1-23-45-07-0Odd

(10) Add one holon [Compressed S field]

(11) Set nod for second holon [Compressed nod matrix]

(12) Add one blush factor, R, for first holon [Compressed loads, R]

(13) Add one blush factor, R, G and B, for second holon [Compressed loads, R, G, B]
(14) Add one smjle factor, V, for first holon [Compressed V load]

(15) Decode

Comments, with reference to the line numbers, follow:

(1)  The following data specifies the odd field of the frame 1 hour, 23 minutes and 45
seconds from the beginning of the sequence.  Such time codes are used for fast search
and also for several other purposes.

(2) The mode],'including all load stores, S field store and score store, s set to empty
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(3) Wken holons are added, their S faig shculd be given. [ iy case. :ie S feld of the
helen coincides with the frame Size. ard this has been given a sgacial cede The
cerresponding S field s Setup inthe S fieig siore

(4) A first biush factor is defined. The contre; processor allocates thres load stores, one for
each color chanpe The load is decompressed and loaded into the allecated load stores,

The address i Synchronized with the S field store. The control precessor sets the
router setup store 5o that the output from the three loag stores will be routed into the
sum biush modyle

(5)  Scores, in this case only for blush of holcn 1, are decompressed and :oaded into the
score store.

(6)  The odd felq is decoded, using the current content of load scores, scora store, S field
store, and router Setup store, ’

(7)  The foilowing data specifies the corresponding even field

(8)  Theeven field is decoded

(9)  The following data specifies the odd field of (ke next frame

(10) A holon is added. In thjs Case, an explicit S field is given. This s decoded and stcred in
the S field store.

(11) The first hag no explicit nod, je. it hag only the unity matrix by default. The second
holon has an explicit nod matrix, which js decompressed and stored in the ncd store.

(12) A second blush factor for the red component of holon 1 is added. One ioad store is
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For a videg playback system Operating from 3 storage medium, ¢4 a video :ape or a compact
disk. and ajsg for a videg on demand System accegting 3 COmpressed it strezm from a
distribution central, varabje speed of playback s highly wanted The term variabie speed of
Flayback inciydes normal playback, reverse Play. fast forward, fast backward, sigw forward,

siow backward and stijl Image.

Slow forward cap be implemented by repetition for normal frames. E. g, for ralf speed, every

frame could be displayed twice

Another method js 1g implement slow forward by interpolation of Scores. Refer to Fig, 25

where a videg replay device 2500 is shown The user selects speed of reclay in a speed

LR Ty
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The princigies of sig., torward piay and backwward Fiay can be combined 15 achieve sicy

backward play

For fast forward, the problem js usually not t5 find a 800d set of scores Ratker, the
computationaj bottleneck wij| usually be the reading of the compressed &it stream ang

corresponding stjj) image decoding and updating cf joad stores. To COmpensate for tkis, the
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imcrpreration For example. whjle rotating an coject around an ads. apart from some

degenerate cases fequires altering most of the coefficien;s ot the nod matrix for the
corresponding hojop for each frame would have beep better if the av;s could have beep

specified once, and then only the angle of rotation cculd have beep scecified for each frame.

One way of doing this ig to allow nod matrices to be parameterized and concatenated. This js
described in "Principles of Interactive Computer Graphics", already descripeq above, The

parameterization woyjq then correspond o letting one Parameter contro| the degree of

regarded as Specifying a Program to produce nog matrices.  Thjs program can then be

executed by a decoder using updated inputs prior to decoding each frame. The above
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calculations typically involve sufficiently little computational load to be easily executable on a

control processor implemented as a general purpose microprocessor, e.g. Intel 386 SX.
Smule and blush scores can also be defined as dependent on the inputs in the above framework.

While the invention has been particularily shown and described with reference to the preferred
embodiments thereof it will be understocd by those skilled in the art that vanious changes in
form and detail may be made therein without departing from the spirit and scope of the

invention.




Appendix A

Method for moving an image according to a motion field

Method.

Progressive interpolation using scan lines intersecting triangies

Input:

Reference Position image, consisting of nv*nh RefEls, each containing:
I, g b: Red, green and biye intensity

v, h: New position
z: Depth vajye

10 Prob: Opacity

Output:

FrameBuffer with pixels, each containing:

r,gb: Interpolated red, green and blye intensity

Algorithm:

For each Lroup of four pixels that are adjacent in the referance image:

For each of the two three pixe] groups:

Vv coordinate in ascending order. Dengte the
respectively.

Find out whether the second point is to the left or to the right of the vertax between
20 the first and thirg point:

Based on the v ang h coordinates of the first and third pixel, and given the v
Coordinate of the second pixel

, calculate the h coordinate of the crossing between t:

Levertex

hCross = hUp + (vMiddle-vUp)/(vLow-

SecondLeft = (hCross < hMiddle)

vMiddle) * (hLow-hUp)
25
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Prepare for looping through scan lines in the frame position:
vUp = ceil(vUp)

viow = floor(vLow)
For each vCurrent from vUp to vLow: (i.e. for each scan line:)

Interpolate h, r, g, b and Prob of the vertex between first and third pixel at
vCurrent, denote the results with suffix LeftScan

Make sure that the correct vertex is used when calculating the limits of the
current scan line;

if vCurr <= vMiddle ’
EndPixel = first pixel

else
EndPixel = third pixel

Interpolate h, r, g, b and Prob of the vertex between the second pixel and
EndPixel, denote the resuits with suffix RightScan

If SecondLeft:
Swap LeftScan and RightScan

For each hCurrent from ceti(hLeftScan) to floor(hRightScan):

Interpolate r, g, b, z and Prob at hCurrent basedonh, 1, g b, z and Prob at
RightScan and LeftScan, denote the results with suffix Current

Readr, g, band zat vCurrent, hCurrent, denote the results with suffix Old.

if zCurrent > zOld:

rNew = rQld + (rCurrent-rOld) * ProbCurrent
gNew = gOld + (gCurrent-gOld) * ProbCurrent
bNew = bOld + (bCurrent-bOld) * ProbCurrent

Place rNew,gNew and bNew back into image at vCurrent,hCurrent




<0

¢5

10

e Ty
.’Vv * '.'.,(A )‘:\ i N

010382

Appendix B

Method for Moving an ‘Mage according 1g 5 mction field

Method:

Backmapping Quadrangies wijsh two-way [inear interpolation

“nh RefE]

S, each Containing:
b: Red, 8reen and bjye Intensity

v, h: New Positicn
Z: Depth vajye
Prop- Opacity

Qutput:

Initiafize ZBuffer to zerog

For each domain din[r, g b]:
Initialize FrameBu&‘er.d to zerps
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Augment lower left RefE] with vFraci=|, hFract=0

Augment lower right RefEl with vFract=1. hFract=]

Find Upper as the RefE] with smallest v coordinate

Find Lower as the RefE] with largest v coordinate

Initialize edges as candidates for intersection with scan line

UpperClockwise = Upper
LowerClockWise = NextCIockWise(UpperClochvise)

UpperAntiClockwise = Upper
LowerAntiClockwise = Lower R

Scan through all scan lines that go through the quadrangle:

For vScan = cell(Upper.v) to floor(Lower.v):

Make sure the correct edges are used for intersection interpolation:

While LowerClockwise.v < vScan
UpperClockwise = LowerClockwise

LowerClockwise = NextClockwise(LowerClockwise) '

While LowerAntiClockwise.v < vScan
UpperAntiClockwise = LowerAntiClockwise

LowerAntiClockwise = NextAntiCIockwise(LowerAntiClockwise)

Interpolate b, vFract and hFract along two edges, one set of values for

the AntiClockwise edge and one for the Clockwise edge;
For each domain d in [h, vFract, hFract]:
AntiClockwise.d = UpperAntiClockwise.d +
(LowerAntiClockwise.d - UpperAntiClockwise.d) *
(vScan - UpperAntiClockwise.v) /
(LowerAntiClockwise. v - UpperAntiClockwise.v)
ClockWise.d = UpperClockwise.d +
(LowerClockwisc.d-UpperCIockwise.d) *

ok
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(-V'Scan-(_'p_cerGockwisc v)/
(LowerCIcck',vise v - L’pperClockwise V)

Ensure thy, the pixels are scanned from Jef 1q nght;

<= CIockWise.h)
efi = AmiCIockwise

Right = ClockWise
else

if(r\ntinockwise.h
L

Left = ClockWise
Right = AntiClockwise

Positions of the scan line-
= ceiJ(Lcﬁ.h) to ﬂoor(Rjght.h):

(hScan—Leﬁ.h) * (Right.vFract - Leﬁ.vFract) / (Right.h - Left.h)
hFract = Left hFract +

(hSCan-Leﬂ.h) *

Place the value:

If New.7 > Z[vScan hScan)
For each domain d i [r. g bj:

FrameBuﬁ‘er.d[chan, hScan]=F rameBuffer d

(New d - d[vScan, hScan])
hScan] = New.Z

[vScan, hScan] +
ZB uff’er[chan,
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CLAIMS

1. Anapparatys for decoding a video Sequence, compressed according to a data mode|

suitable for transmission, storage or analysis, into decompressed frames suitable for

and a plurality of values, called scores, specifying for each frame how much of each load
should be present,

the apparatys comprising:

()  means for recerving (320; 406, 408) and storing (326: 414, 416) the plurality
ofintensity loads and the plurality of address loads,

(b)  means for receiving and storing (328; 442) the plurality of scores,

() means for aggregating (340, 354 446, 476) the contributions frem each
intensity load angd corresponding scores into an intermediate image,

(d)  means for aggregating (340, 352; 446, 474) the contributions frem cach
address load and corresponding scores into a motion field,

(¢) means for displacing (360 492) the contents of the intermediate lnage
according to the motjop field, producing a final frame (370; 497, 498),

wherein means (3) to (e) are connected in such a way that a pipeline consisting of

parallel synchronous data paths is formed, through which pipeline the intermediate Image

2. The apparatus according 1o claim 1, wherein the apparatus comprises:

a means (322; 420) for grouping together parts of each intensity load and
corresponding parts of each address load into groups, called holons,

wherein the means for receiving and storing (328; 442) the plurality of scores has
One set of scores for each holon, and

the means for Aggregating (c) and (d) each uses the scores of each holop when

aggregating the contributions.
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3 The apparatus according to claim | or 2, wherein the Apparatus comorisss a ireans
tor exchanging (463 she data paths within the pipeline
4 The apparatus according to claim 2, wherein the apparatus comerises a means for

exchanging (463) the ara paths within the pipeiine dependent on which hojcen is being

transmitted.

5. The apparatus according to one of claims 1 to 4, wherein the reans ror storing
(326; 414, 416) the intensity and address loads is adapted to represent the loads in a lower
spatial resolution, and the apparatus further comprises means for converting (<30) from

lower to higher spatial resolution.

6. The apparatus according to one of claims | to 5. wherein the means for storing
(326; 414, 416) the intensity and address loads is adapted to represen: the Icads in a

compressed state, and the apparatus further comprises means for deccmpressing the

loads.

7. The apparatus according to one of claims | to 6, wherein the apparatus comprises a
plurality of means for generating (455) a parameterized texture, coupled in the pipelire

after the means for storing (414, 416) but before the means for displacing (3 50: 492).

8.  The apparatus according to one of claims ] to 7, wherein the apparatus comprises a

means for applying (486) an affine transform to the motion field for each frame.

9. The apparatus according to one of claims | to 8, wherein the apparatus comprises a

means for transmitting (415) at least part of the output of the means (e) back :0 the means

(a).

10.  An apparatus for producing images partly dependent on interactive user input, the
apparatus comprising
means (2410) for providing user input,

means (2420) for reading game rules and loads from a storage medium,
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means (2434G) for Interpreting said user input dccording to sajd game nyles, thereby
producing scores.

means (2440)
viewed on 3 monitor (2430),

wherein sgj means (2440) for decoding ;

tn

one of the apparata according tc clajms | to

[l An apparatus for playb

ack of encoded vi
primarily intended, the app

deo sequences gt another speed thap that
aratus comprising:

means (2520) for storing

an encoded videg sequence,
means (2510) for

accepting speed selecti
means (2530) for reading scoreg from th

on from user,
10

€ encoded video se

according to sajd anotf
means (2540) for decoding

quence and interpclating
SCOres at time poins selected ler speed,
images,
means (2550) for viewing said decoded images,
wherein sajd means (2540

claims ] tq 9.

o
[$2]

) for decoding images is an apparatus according to one of

12, An apparatus for playback of encod

means for Storing an encoded video Sequence,

means for accepting speed selection from user,
20

means for selecting parts of an encoded video sequence,
dependent op the accepteqd speed sel

the selection being
ection and priorities encoded as part of the encoded
video sequenée,

means for decoding Images,

wherein sajd means for decoding images is an dpparatus according to ope of claims
ltog

13 A data carrier containing a datg mode]

ds,

comprising a plurality of Spatial intensity

change patterns, cajled intensity loads 2 plurality of spatial pixel

address change patterns,
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called address loads, and a plurality of valges, called scores, specifyinz for each trame

Aow much of each load should be present

4. The data carrier containing the data model of claim 13 recorzad thereon and
adapted to be decoded by an apparatus according to any one of claims | :=

l A means for receiving a data model comprising a plurality of spatial :ntensity chanze

patterns, called intensity loads. a plurality of spatial pixel address change patterns, called

tn

address loads, and 3 plurality of values, called scores, specifying for each frame how much

of each load should pe present.

16. The means for receiving the data model of claim I5 and adapted to e decoded by

an apparatus according to any one of claims | tg 9

17, A method for transforming a source image, consisting of picture elements aiven in
integer positions In a first two-dimensional coordinate system, into a target Image
consisting of picture elements given in integer positions in a second two-dimensional
coordinate system,
each picture element consisting of one intensity value for each color chznnel,
the transform being defined by a spatial mapping vector for each c- the picture
elements in the source image,
the method comprising the steps of
for each picture element in the source image
computing the corresponding position in the target image based on their
position in the source image and the spatial mapping vector,
Organizing the picture elements of the source image in groups of thrze adjacent
picture elements,
for each grou;ﬁ
sorting the picture elements according to their value of a first of the two
dimensions of the target coordinate system, called the primary dimension, thus producing

a first, a middle and a last picture element, so that a longest vertex between the Srst and
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the last picture elements. a tirst short vertex between hirst and middle picture elements.
and a second short vertex between middle and last picture elements can be identified,
for each integer value of the primary dimension inside the interval defined by
the values of the primary dimensicn for the first and last picture elements,
interpolating a first intermediate picture element and a first intermediate
value of the secondary dimension along the longest vertex at the point defined by the
integer value of the primary dimension,
selecting either the first or the second short vertex so that the integer
value of the primary dimension is inside the interval defined by the values of the primary
dimension for the end points of the vertex,
interpolating a second intermediate picture element and a second
intermediate value of the secondary dimension along the selected short vertex at the point
defined by the integer value of the primary dimension,
for each integer value of the secondary dimension inside the interval
defined by the first and second intermediate value of the secondary dimension,
interpolating a final target image picture element along the line
between the first intermediate picture element and the second intermediate picture element

at the point defined by the integer value of the secondary dimension.

8. A method for transforming a source image, consisting of picture elements given in
integer positions in a first two-dimensional coordinate system, Into a target image image
consisting of picture elements given in integer positions in a second two-dimensional
coordinate system,

each picture element consisting of one intensity value for each color channel,

the transform being defined by a spatial mapping vector for each of the picture
elements in the source image,

comprising the steps of

for each picture element

computing the corresponding position in the target image based on their

position in the source image and the spatial mapping vector,

organizing the picture elements of the source image in groups of three adjacent

picture elements,
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for each group
sorting the picture elements according to ther value of a first of the two
dimensions of the target coordinate system. cailed the primary dimensicn, thus producing
one first, cne middle and one last sicture element, so that cne longest vertex between the
first and the last picture elements, one first short vertex between first and middle picture
elements, and one second short vertex betweesn middle and last picture elements can be
identified,
for each integer value of the primary dimension inside the interval defined by the
values of the primary dimension fcr the first and last picture elements,
calculating a relative position along the longest vertex for the integer value of
the primary dimension, _
using the relative position along the longest vertex to interpolate a
corresponding position in the second coordinate system, therebv finding a first
intermediate target position,
using the relative position along the longest vertex to map back to a
corresponding position in the first coordinate system, thereby finding a first intermediate
source position,
selecting either the first or the second short vertex so that the integer value
of the primary dimension is inside the interval defined by the values of the primary
dimension for the end points of the vertex,
calculating a relative position along the selected short vertex for the integer
value of the primary dimension,
using the relative position along the selected short vertex to interpolate a
corresponding position in the second coordinate system, thereby finding a second
intermediate farget position,
using the relative position along the selected short vertex to map back to a
corresponding position in the first coordinate system, thereby finding a second
intermediate source position,
for each integer value of the secondary dimension inside the interval defined by the
secondary coordinates of the first and second intermediate target position,
calculating a relative position along the line from the first to the second

intermediate target position for the integer value of the secondary dimension,
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using the relative Fosition along the line to map back to a corresponding
position in the first coordinate system, thereby tinding a final source position,
computiny a tinal taruet image picture element by a weighted average of

picture element in the source image, using the final source position to compute the

weights.

[9. The method of any of claims 17 or I3, wherein groups of four picture elements are

used instead of groups of three picture elements.

20.  The method for generating one field, consisting of either even or odd scan lines, of
an image to be given as an interlaced frame, comprising any of the methods according to
claims 17 to 19,

wherein either the primary or secondary dimension of the target image corresponds
to the scan lines of the target image, and for the even field only even integer values of this

dimension are considered and for the odd field only odd integer values are considered.

21, An apparatus for transforming a source image, consisting of picture elements given
in integer positions in a first two-dimensional coordinate system, into a target image
consisting of picture clements given in integer position in a second two-dimensional
coordinate system,

each picture element consisting of one sample for each color channel,

the transform being given by a displacement vector for each of the picture elements
in the source image,

the apparatus comprising

means (352) for computing, for each picture element in the source image, the
corresponding position in the target image, based on the position in the source image and

the corresponding displacement vector,

means (1412, 1414, 1416, 1413, 1420) for grouping the picture elements in the

source image into groups of three adjacent picture elements,

means (1440) for sorting picture elements of a group according to their position

along one dimension,
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means (1460, (462 1464) for senerating intever valyes for a first dimensicn insige 4
given inter.a.

means (1466 for deciding whether 3 vajee is within a given intervai,

means (1470) for selecting a vertex.

means (1474) for interpolating picture elements between known vajues,

means (1472) for interpolating picture clements between known values,

means (1480, 1482, [484) for generating integer valyes for a second d:mensicn
inside a given interval

means (1486) for interpolating pixel values,

means (1490) for generating addresses, and

means (1492) for placing the pixel valyes at the generated addresses

2. The dpparatus of claim 21, adapted to be used according to the methed of any one

o

of claims 18 to 20.

23. A method for reducing the effects of aliasing when resampling a first image to
produce a plurality of fina Images, said resampling for each fing] frame being done
according to a displacement field,

wherein said displacement fiefds are scaled versions of a basic displacement Seld.
the scale factor being called displacement score,

comprising the steps of

low pass filtering said first image such that for 2 plurality of regions in said first
image, in each said region the fijter coefficients are adapted according to the frequency
content of sajd region and to the characteristics of the corresponding region of said
displacement field, thus producing a low pass filtered Image,

forming the difference between said first image and said low pass filtered image,
thus producing a difference image,

for each fina image, basing the resampling on the sum of sajd low pass filterzd

image and said difference image scaled with a factor called high-pass score, the high pass
S Y

Score being an increasing function of the displacement score,
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24, The method of claim 23, wherein the resampling is done by an apparatus according

to any one ot claims | to 9.
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