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(57) Abstract

In a method and a device for calculation of the Discrete Cosine Transform (DCT) only the DCT coefficients representing the first
half and the second half of an original sequence are required for obtaining the DCT for the entire original sequence. The device and the
method are therefore very useful when calculations of DCTs of a certain length are supported by hardware and/or software, and when DCTs
of other sizes are desired. Areas of application are for example still image and video transcoding, as well as scalable image and/or video
coding and decoding.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
M
CN
Cu
CZ
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cbote d’Tvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Iceland

Italy

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
D
TG
TJ
™
TR
TT
UA
UG
Us
UZ
VN
YU
W

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




WO 00/00907 PCT/SE99/01049

EFFICIENT DOWN-SCALING OF DCT COMPRESSED IMAGES

TECHNICAL FIELD
The present invention relates to a method and a device for

scaling DCT compressed images.

BACKGROUND OF THE INVENTION AND PRIOR ART

The emergence of the compression standards JPEG, MPEG, H.26x
has enabled many consumer and business multimedia
applications, where the multimedia content is disseminated in
its compressed form. However, many applications require
processing of the multimedia content prior to presentation. A
very fregquent process is that of down-sampling (down-scaling,

down-sizing) the compressed image.

Thus, in applications, such as image and video browsing, it
may be sufficient to deliver a lower resolution image or
video to the user. Based on user's input, the media server
could then provide the higher resolution image or video

sequence.

Also, composting several MPEG video sources into a single
displayed stream is important for MPEG video applications as
for example advanced multimedia terminals, interactive
network video and multi-point video conferencing. Composting
video directly in the compressed domain reduces computational
complexity by processing less data and avoiding the
conversion process back and forth between the compressed and
the uncompressed data formats. In compression standards
(MPEG, H.26x), compression is computationally 3 to 4 times
more expensive than decompression. Compressed domain based
down-sampling can be used to implement an efficient picture-
in-picture system for MPEG compressed video and can result in

significant savings.

Furthermore, efficient transcoding should be able to cope
with different quality of services in the case of multi-point
communications over POTS, ISDN, and ADSL lines. A HDTV down
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conversion decoder can decode the Grand Alliance HDTV

bitstreams and display them on SDTV or NTSC monitors.

Conventional techniques for down-scaling rely on
decompressing the bitstreams first and then applying the

desired processing function (re-compression).

The down-sampling of a still image in the spatial domain
consists of two steps. First the image is filtered by an
anti-aliasing low pass filter and then it is sub-sampled by a
desired factor in each dimension. For a DCT-compressed image,
the above method implies that the compressed and quantised
image has to be recovered first into the spatial domain by
inverse DCT (IDCT or DCT"l) and then undergo the procedure of

filtering and down-sampling as illustrated in Fig 1la.

A direct approach would be to work in the compressed domain,
where both operations of filtering and down-sampling are
combined in the DCT domain. This could be done by cutting off
DCT coefficients of high frequencies and using the IDCT with
a smaller number of coefficients to reconstruct the reduced
resolution image. For example, one could use the 4x4
coefficients out of the 8x8 and perform the IDCT on these
coefficients in order to reduce the resolution by a factor of
2 in each dimension as illustrated in Fig. 1b. This technique
does not result in significant compression gains and requires
encoders and decoders to be able to handle 4x4 DCTs and
IDCTs. It also requires run-length coding schemes to be
optimised for the 4x4 case. Furthermore, this method results
in significant amount of blocking effects and distortions,
due to the poor approximations introduced by simply

discarding higher order coefficients.

This technique would be more useful if 16x16 DCT blocks was
used and were 8x8 DCT coefficients were kept in order to
obtain the down-sampled. However, most image and video
compression standards, like JPEG, H.26x, and MPEG, segment
the images into rectangular blocks of size 8x8 pixels and
apply the DCT on these blocks. Therefore, only 8x8 DCTs are
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available. One way to compute the 16x16 DCT coefficients is
to apply inverse DCT in each of the 8x8 blocks and

reconstruct the image.

Then the DCT in blocks of size 16x16 could be applied and the
8x8 out of the 16x16 DCTs coefficients of each block could be
kept. This would lead to a complete decoding (performing 8x8
IDCTs) and re-transforming by 16x16 DCTs, something that
would require 16x16 DCT hardware or software.

However, if one could compute the 8x8 out of the 16x16 DCT
coefficients by using only 8x8 transformations, then this

method would be faster and it would perform better than the
one that uses the 4x4 out of the 8x8. This would also mean
that by avoiding the computation of DCTs of size 16x16, the
memory requirements could also be reduced as illustrated in

Fig. 1lc.

Furthermore, in the international patent application
PCT/SE98/00448 a method and a device for encoding/decoding
DCT compressed images in the frequency domain are described,
and which application is hereby is enclosed herein by

reference.

SUMMARY

It is an object of the present invention to provide a more
efficient encoding/decoding/transcoding algorithm for
obtaining the DCT coefficients of a block from DCT
coefficients of the four adjacent blocks than the algorithms
described in the above international application
PCT/SE98/00448.

This object is obtained by a device and a method as set out

in the appended claims.

Thus, by using the coding/decoding algorithm as described
herein a very efficient computation of an NxN point DCT given

the N/2xN/2 DCT coefficients for four adjacent blocks is
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achieved. All the operations are performed in the transform

domain, so called transform domain manipulation (TDM).

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described in more detail

and with reference to the accompanying drawings, in which:

- Figs. la - 1c illustrates different techniques of down
scaling an image according to the prior art.

- Fig. 2 illustrates the operation of combining four
adjacent DCT blocks.

- Figs. 3a and 3b show flow graphs for the calculation of an
N point DCT, by the two adjacent N/2 DCTs.

- Fig. 4 is a block diagram illustrating a matrix
multiplication.

- Figs. 5a and 5b illustrates the down sizing of four
adjacent DCT blocks.

DETAILED DESCRIPTION

In order to simplify the notation and discussion the 1-D
down-sampling analysis is presented. Because the DCT is

separable, all results extend to the 2-D case by simply

applying the properties in each of the two dimensions

consecutively.

Assume that the DCT coefficients ¥ and Z,, (k=01..(N/2)-1),
of two consecutive data sequences y, and z,, (n=01..,N/2)-1),
are given, where N=2". The problem to be addressed is the
efficient computation of X,, (k=0l..,N-1) directly in the DCT
domain, given Y, and Z,, where X,are the DCT coefficients of
x,, (n=0l.,N-1), the sequence generated by the concatenation
of y, and z,. The normalised forward DCT (DCT-II) and inverse

DCT (IDCT) of the length-N sequencex,are given by the

following equations:

2 N-1 2 1
X, = /—g,an COSM, k=01...N-1 and
NS 2N

28 . (Qn+lkr
X, =,—) X, cos—~——— n=0,L....N-1
NZ; KO 2N '
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i

whereeg, = /N2 fork =0 andeg, =/fork =0 . Notice that g, =gand ¢, =1.

The normalised DCT and IDCT for the length- (N/2) sequences
¥an and z are given by similar expressions, where in this case

N is substituted by N/2.

The computation is performed separately for the even- and the
odd-indexed coefficients.

1. Even-indexed coefficients

N
— =1

! 2n+ )2k 2 2 2n+1 Nt 2n+1
O L s (2,15, st 5 n e
2N N A ANTY) L LF 2N /2)

( _Z_y L Qnt Der IZ S{:[Z(N—-l—n)-#]]mz—
n N 1-n

2(N 12) T 2AN/2)

N
— -
’ E 2n+ 1
: 1 Z}’" (2n+l)mr 2 . ZZ,. cos( n+ Dk

"= o 2vr2)  NNI2Z 7T 2AN/2)

1 . 1 ,
=\/;[Y,{+(—1) Z,] =\/—;[Y,,+Z,] k=01, N/2)-1

whereZ',is the DCT of 2, =x,,,, n=0L..(N/2)-1.

i1i. odd-indexed coefficients

{2 L 2+ 12k +Dr B (2n+1X2 - Dx
+ Y < cos + 2 cos
Xk {Z"" 2N % 2N

n=0 =0

Qu+zr  (2n+Dkx
=— — ' )2cos cos or
J7 N/2 l;(y}v Z") 2N 2(N/2)

-1
1 B (-n + Dk
th:“;:‘/_ 7ot Zo 7(N/") = Xoier s

n=0, -2, 200 E

2N

where £=0],..,(N/2)-1 and
(2n+ Dirx (@n+ Dz

2
——>"g(t,~Z',)cos 2cos
N/2i3 2(N/2) 2N

r, is a length-(N/2) DCT of the length-(N/2) IDCT of (Y;-Z;')
multiplied by 2cos(2n+l)n/2N. The flow graph of the proposed

algorithm for the case of the concatenation of two 8-point
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adjacent coefficient sequences (i.e. N=16), is depicted in
Fig. 3a. Down-sampling by a factor of 2 implies that only
coefficients 0, 2, 4, 6, 1, 3, 5, 7 have to be calculated.

The calculation of the odd-indexed coefficients could be
further simplified if the processes of DCT™!, DCT and the
multiplications were substituted by a matrix multiplication
as shown in Fig. 3b. A block diagram of the steps needed for

these calculations is illustrated in Fig 4.

In the special case of N=16 that is under consideration, we

have:

G=Y;-Z;' 1s a column vector of length 8 each element of which
equals to the difference of the corresponding input DCT

coefficients.

g=Cq“G is a column vector of length 8 corresponding to the
IDCT of G, where C™*= ¢T (Cc given below).

r=E'g is a column vector of length 8 each element of which is
the product of g by 2cos(2n+1) n/2N, where n=0,1,...,7 and
N=16. E is a diagonal matrix and is given by E=2
diag{cos(n/32), cos(3xn/32), cos(5xn/32), cos(7xn/32),

cos(9r/32), cos(1l1lx/32), cos(13x/32), cos(1l5x/32)}.

R=C'r is a column vector of length 8 corresponding to the DCT

of r, where

(Virz i iz iz iz iz Sz i |
cos(d) cos(36) cos(50) cos(70) cos(99) cos(119) cos(138) cos(158)
cos(26) cos(68) cos(108) cos(146) cos(180) cos(220) cos(268) cos(306)
C= ‘/I cos(30) cos(98) cos(150) cos(216) cos(276) cos(336) cos(396) cos(458)

N12 {cos(48) cos(128) cos(208) cos(289) cos(369) cos(446) cos(526) cos(608)
cos(59) cos(150) cos(258) cos(358) cos(458) cos(550) cos(656) cos(750)
cos(66) cos(189) cos(308) cos(426) cos(546) cos(668) cos(786) cos(908)
Lcos(76) cos(216) cos(350) cos(498) cos(630) cos(779) cos(916) cos(1056)

and 6=7/N, N=16.
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R=P'R is a column vector of length 8 each element of which is

the product of R by +1/2, except for the first element that

is multiplied by %, i.e. matrix P equals to: P=diag{},

N YR VL RN VL R [V L RN VRN VE RN VP IS

Taking into account all the above given equations, R is

expressed as follows:

R=P' (C* (E" (C71'G))) = P'C'E" ¢"!'G or R=T"'G where T=P'C'E‘C”l.

Note that matrix C'E'C”! is symmetric.

The multiplication of these 8x8 matrices results to

[0.6376 02986 -0.0585 0.0241 -0.0125 00071 -0.003% 0.0018 ]
04223 0.8433 03227 -0.0710 0.0311 -0.0i64 0.0088 -0.0039
-0.0827 03227 0.8893 0.3057 -0.0624 0.0259 -0.0125 0.0053
0.0341 -0.0710 0.3057 0.8978 0.3004 -0.0585 0.0223 -0.0086
T1-00177 00311 -0.0624 03004 09018 02969 -0.0546 0.0170
0.0100 -0.0164 0.0259 -0.0585 02969 0.9057 02916 -0.0460
-0.0056 0.0088 -0.0125 0.0223 -0.0546 02916 0.9143 02745
| 0.0025 -0.0039 0.0053 -0.0086 0.0170 -0.0460 02745 0.9603 |

as 1s shown below.

Thus, in the general case of down-scaling two concatenated
N/2 DCT coefficient sequences into one N/2 coefficient
sequence:
T=p'C'E'C”}
where

P=diag{%, V1/2,4i/2,..}

(2n+bhHx

E=2di
1ag{ cos o

}

2n+Dkx
N

2
N/2{€'C°° }, n,k=0,1,..,(N/2)-1

All matrices are of size N/2xN/2.

In the special case of N=16 the above given matrices become:

a=J1/2, 0=z/N
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. 8 )
(5000 00 0 0]
00a 000000
00a 00000
l000a 0000
Pl 0004000
00000400
000000 ado0
0000000 a
[cos(6/2) 0 0 0 0 0 0 0 7
0 cos(39/2) 0 0 0 0 0 0
0 0 cos(56/2) 0 0 0 0 0
_ 0 0 0 cos(76/2) 0 0 0 0
E= 0 0 0 0 cos(99/2) 0 0 0
0 0 0 0 0 cos(8/2) 0 0
0 0 0 0 0 0 cos(130/2) 0
0 0 0 0 0 0 0 cos(156/2) |

(irz iz Yz Vilz iz iz Virz iz ]
cos(d) cos(30) cos(58) cos(76) cos(99) cos(116) cos(139) cos(156)
cos(28) cos(66) cos(108) cos(146) cos(189) cos(228) cos(268) cos(308)
2 cos(38) cos(99) cos(156) cos(218) cos(276) cos(338) cos(396) cos(456)
N/2 jcos(48) cos(120) cos(200) cos(289) cos(360) cos(448) cos(526) cos(606)
cos(56) cos(156) cos(250) cos(359) cos(450) cos(556) cos(650) cos(758)
cos(66) cos(186) cos(308) cos(428) cos(540) cos(668) cos(786) cos(906)
L cos(76) cos(216) cos(350) cos(499) cos(630) cos(778) cos(919) cos(1056) ]

and finally

[0.6376 0298 -0.0585 00241 -0.0125 00071 -0.0039 0.0018 ]
04223 0.8433 03227 -0.0710 0.0311 -0.0164 0.0088 -0.0039
-0.0827 0.3227 0.8893 03057 -0.0624 0.0259 -0.0125 0.0053
0.0341 -0.0710 0.3057 0.8978 0.3004 -0.0585 0.0223 -0.0086
T 1-00177 00311 -00624 03004 09018 02969 -0.0546 0.0170
0.0100 -0.0164 0.0259 -0.0585 0.2969 0.9057 02916 -0.0460
-0.0056 0.0088 -0.0125 0.0223 -0.0546 02916 0.9143 0.2745

| 0.0025 -0.0039 0.0053 -0.008 0.0170 -0.0460 0.2745 0.9603 |

Notice that further improvements can be done, as for example

use approximated values for the T matrix or the T matrix can

be computed without the +/1/2 terms of the P matrix. Those

terms can be included after the T matrix is computed.
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The computational complexity for computing of N/2 out of N
points, i.e. downscaling by a factor of 2, is Oy=N(N+2)/8 and
Op=(N(N+6)~1) /8. For the computation of 8 out of 16
coefficients (i.e. N=16) 36 multiplications and 43 additions

are required. More specifically the computation of the even

indexed coefficients requires 4 multiplications by +1/2 and 4
additions. The computation of G=Y;-Z;' requires 8
subtractions and the computation of R requires 32
multiplications and 28 additions (only the upper 4x8 elements
of the T matrix are used, since only coefficients X;,
i=1,3,5,7 have to be calculated). 3 post additions are needed
for calculating the required odd-indexed coefficients from R.

Special cases

a. When only the first 4 out of the 8 coefficients Y, Zy'
are non-zero (i.e. Yp = Zx'=0 for k=4,5,6,7), then the above
given complexity becomes 20 multiplications and 23 additions.

Specifically the computation of the even indexed coefficients

requires 4 multiplications by +1/2and 4 additions, the
computation of G=Y;-Z;' requires 4 subtractions and the
computation of R requires 16 multiplications and 12 additions
(since only the upper 4x4 elements of the T matrix are used).
3 post additions are needed for calculating the required odd-

indexed coefficients from R.

b. In all cases the 4 multiplications by J1/2 for the
computation of the even indexed coefficients could be saved
by absorbing them into the gquantisation stage that follows
the TDM stage.

c. A number of operations could also be saved if the values
of the T matrix were rounded to the closest power of 2. In
such a case shifts could be used instead of multiplications.
The exploitation of the shift and add operation existing in
all modern DSPs and general purpose CPUs would also increase

performance considerably.
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In the case of down-scaling 4 adjacent 8x8 DCT blocks down to
one 8x8 block, i.e. down-sizing by a factor of 2 in each
dimension, by means of the row-column method, the proposed
algorithm has to be applied 24 times. I.e. 16 times across
the rows and 8 times across the columns as shown in Fig. 5a.
This gives a computational complexity of 864 multiplications
and 1032 additions or a total of 1896 operations (additions
plus multiplications).

In the special case that only the upper left 4x4 DCT
coefficients of each 8x8 block are non-zero, the algorithm
has to be applied 16 times only, i.e. 8 times across each
dimension, as shown in Fig. Sb. This results to a complexity
of 320 multiplications and 368 additions or a total of 688

operations.

The above given complexity figures could be further reduced
if approximate values, e.g. powers of 2, for the T matrix

elements were used.

Considering that 11 multiplications and 29 additions are
needed for each DCT or IDCT computation , a total of 1008
multiplications and 1752 additions or 2760 operations are
required for down-scaling four adjacent 8x8 DCT blocks down
to one 8x8 block according to the approach depicted in Fig.
3a. The comparison of this complexity to that needed for the
case of Fig. 5a, 1896 operations are needed (or 31.3% are
saved). In the special case of Fig. 5b, the computational

savings are about 64%.

Down-sampling of compressed images in the transform domain is
not only advantageous from the computational point of view,
but from the obtained picture quality as well. This is due to
the fact that a great number of arithmetic and quantisation
errors are avoided. The values of the T matrix can be off-
line calculated to the desired accuracy and the sum of

products for the computation of TG can also be calculated to
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the desired accuracy. No intermediate calculation steps of

lower accuracy are needed.

The method can also be used for downscaling of video
sequences in standards like H.261/263, MPEG 1/2/4. The
application of the method is scalable video coding, as in
frequency scalability schemes is also possible, as described
in PCT/SE98/00448.

Also, in transcoder applications, a transcoder can be

arranged to downscale the compressed images. For example, in
video transcoding the method as described herein can be used
for intra and inter macroblocks in video coding standards. In

that case the motion vectors are scaled accordingly.

Thus, by using the algorithm as described herein encoding and
decoding when processing digital images in the compressed
domain many advantages in terms of processing speed, storage

efficiency and image quality are obtained.



WO 00/00907 PCT/SE99/01049
: 12

CLAIMS

1. An encoder having means for calculating the DCT of a
sequence of length N/2, N being a positive, even integer, and
having means for calculating a DCT of length N directly from
two sequences of length N/2 representing the first and second
half of an original sequence of length N, characterised in
that the means for calculating DCTs of length N/2 are
arranged to calculate the even coefficients of a DCT of
length N as:

N
—-1

2 2n+ D2k 2| 2n+ 1 ! 2n+ 1
Ko = Jotn X5, cos 1+ D2en }ﬁgk Tx, cos DT | N s 1 DR
n=9

2N ot ANT2) LW 2AN/2)
ﬁ-] -)!—l
2 E (2n+l)mr 2 [2(N - 1-n)+ 1k
= .|—¢ co
\/’1\7 ‘ Z:oy,, N12) ”ZO ro { oNr2) |

1 (2n+ l)mr (2n+ Dxr
= \/- Zyn Z VAR

= AN 12) 2N /2)

1 ‘ 1 .
= \E[Yk +(-D zk] = ‘/;[Yk +2',] k=0L.. . (N/2)-1

whereZ',is the DCT of 2 =x

n=0,1,.,(N/2)-1.

N-i-n /

And the odd index coefficients as

2 (& Can+1)X2k+)r © Cn+12k - D
+X,,  ==]= cos + 2 cos
e Y {an 2N & 2N

n=0 n=0

—-\

____I_ B (,_n+1)rr (..u+l)k7r
e N/"g"z(y" Zn)2e0sry 2ANT2)

N
—=1
1 1 2 % Qn+Dkr
% =_J_ Lent R\ _
e Y2 AUzQ;“mstn) -t

Qn+ D
r o= -z )2cos—-"—
».-2) N

where 4=0,..(N/2)-1 and > L
= m;fs‘:(z =Z',)cos

(2n+ Dix 2n+ OHx
2cos
2ANT2) 2N
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2. An encoder having means for calculating the DCT of a
sequence of length N/2xN/2, N being a positive, even integer
having means for calculating an NxN DCT directly from four
DCTs of length (N/2xN/2) representing the DCTs of four
adjacent blocks constituting the NxN block, characterised in
that the means for calculating DCTs of length N/2 are
arranged to calculate the even coefficients of a DCT of
length N as:

N-1 2 N-1
X“ = —€,,‘ an M = _.2__gk ZX" COSM'Q‘ 2 x, COSME
IN N n=0 2(N/2) n=N12 2(N/2)

N
- Yo -
2 : 2n+ 1)1(75 2 [2(N=-1-n)+ 1kz
= ‘/;gk Zync Z N L=n {
n=20

(N/2) iy 2AN/2)

N
—_—1 — =1
1 2 2 2n+1 2 2 2+ 1
2l S o em [2 S Bt D
2\1VN/2 T o AN /2) N/Z 5

2AN/2)

1 1
= |-[r, +¢-n*2,] = |1, +7,] k=0L...N/2-1
J;[ +(-1 ] J;Y +7'] k=01..,(N/2)

whereZ',is the DCT of z,=x,,,, n=0L..(N/2)-1.

And the odd index coefficlients as

) N-t _
Corn + X = =J—%{Z~‘"°@(2"+M7k+l)n+z (J1+1;(§/k Dﬂ}

n=0 n=0

~-|

- _ (-Jl + 1)7[ (2;1 + Dk
) \f N/vg'z("" #p)2eo i | OF

Ly

1 1 2 2 Qn+Dkz|
Kaka ZZ‘:\/; N/:_,“" Zrl,cos—m - Xt s

(2n+ Dz
r=(y,-2',)2
=y, -2, )2¢ N
where k=0l..,(N/2)-1 and N
(N/12) 3 zz' & -2 @naliz|,  @n+Dx
= —_— & - CcOs S
N2 &g 2N /2) 2N
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3. An encoder according to any of claims 1 - 2, characterised

in that N is equal to 2", m being a positive integer > 0.

4. A decoder having means for calculating the DCT of a
sequence of length N/2, N being a positive, even integer
having means for calculating a DCT of length N directly from
two sequences of length N/2 representing the first and second
half of an original sequence of length N, characterised in
that the means for calculating DCTs of length N/2 are
arranged to calculate the even coefficients of a DCT of

length N as:

—_—-1

N-1 2 N-1
X, = —auZx o (2t D2er =\E5k Zx"cos(2n+1)xﬂ+ 5k, w0 20+ e
2N N D ANT2) LT 2N /2)

o (@n+ e o [2(N—1-—n)+1]1c7r—
Zyn Z N 1-n

n=0 (N/Z) n=20 2(N/2)

-1

N
-1
1 2 : 2n+1 2 2n+1
- /; Tgkzy”m(" wr | kz"osu.ﬂ

& z, C
avr2) VN2t 2N /2)

= \E[Y‘ +('—1)k2k] = \/ET[Yk +Z'] k=0L... . (N/D)-1

whereZ',is the DCT of z, =x n=01..,(N/2)-1.

n N-i-n 1

N
2

And the odd index coefficients as

2 (¥ n+1X2%k +)zr (1 +1)2k -7
Xu+|+sz 1 —N{E X, COS SN + E X, COS oN
n=0 n=0

—--1
1 {1
=——J: GRZ()' -2, )2c0 (‘J1+1)”C«0a(2n+1)k” or
a2 iy 2N 2AN/2)

N
——l
11| [ 2 2 @n+kx
&M=Z¢; NQQ;GW*ZFET—XwH

r=(y, -2 )2cos

where £=0)..(N/2)-1 and ;. _— _
Z &t ~2) (n+)iz 2cc(n+ 7

£ T2ANT72) T 2N

@nt b
2N
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5. A decoder having means for calculating the DCT of a

sequence of length N/2xN/2,

N being a positive,

even integer

having means for calculating an NxN DCT directly from four
DCTs of length (N/2xN/2) representing the DCTs of four

adjacent blocks constituting the NxN block.

characterised in

that the means for calculating DCTs of length N/2 are

arranged to calculate the even coefficients of a DCT of

length N as:

N
—-1
2 Nt + 2 2 1 N-1
Yo = 2o S, v 2 D27 =‘/~7—8k T, (@t sz T [ (2n+ Dxem
N n=0 2N N n=0 2(N/2) n=N/I2 2(N/2)
n+ Der 2_ [2(N—-1—n)+l]x7z—
Zyu Z N 1-n
n=0 (N/2) iz o 2AN12) |
L. A ]
1 2 E 2 2 : 2n+1
=\/: ——£, Y ¥, cos ZNF DK £r 0.2, cos 21F DT
2 12" = 2AN/2) N/I2 "o 2AN/2)
[[Y +(=1 z] —(Y +2,] k=0l..,(N/2)-1
whereZ',is the DCT of :, =x,,,, n=0L..,(N/2)-1.
And the odd index coefficients as
2 (X 2+ D)2k +D)r & 2n+1)2k-Drx
Xogn T X = —J-—;{Z;xnccs( ;(N ”-&-:L;xnccs( d ;(N }
=_J' ZU 2y s 21D 20+ Dk
FTER 2N 2AN/2)
LA
11 2 2 n+Dkx
qux“zJ; N/?.gl;rncosm = Xop s
= (9, - 2, Y2oos 2D
where k=0l,..,(N/2)-1 and 5 2 (2n+ DL @n+1)
. - n /4 o n y/3
= N/Z;QM_ZJWQXN/D 2o0s— 5
6. A decoder according to any of claims 4 - 5, characterised

in that N is equal to 2", m being a positive integer > 0.
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7. A transcoder comprising an encoder or decoder according to

any of claims 1 - 6.

8. A transcoder according to claim 7, characterised in that

the transcoder is arranged to downscale a compressed image.

9. A system for transmitting DCT transformed image or video
data comprising an encoder or decoder according to any of

claims 1 - 6.

10. A method of encoding an image in the compressed (DCT)
domain, using DCTs of lengths N/2 and wherein the compressed
frames are undersampled by a certain factor in each
dimension, wherein an NxN DCT is directly calculated from 4
adjacent N/2xN/2 blocks of DCT coefficients of the incoming
compressed frames, N being a positive, even integer,
characterised in that the even coefficients of a DCT of

length N are calculated as:

N
~-1

N-1 2 N-1
Xlk = ng Zx M = \/ng Zx" cos.(zn—ﬂzﬁ_}_ z x" COSM
w N 5 ANTD) LT 2N /2)

N

N
ﬂ/%‘g* 2Zyn° Q@n+ hex ZZ . {[2(N—1-n)+l]x7r—

2ANT2) T AN /2)

N

N N
—_——1 —_-1
1 2 2 2n+ Dkrx 2 2 (2n+ Dir
= i g cos + £ Z_ COS mmr———
\/; N /2 k Eoyn k Z n

oAN/2) VN2 )T 2N 12)

1
\/;[Y +(-D*z,] = J;Y +2,] k=0L..,(N/2)-1

whereZ',is the DCT of 7, =x

n=01,.,(N/2)-1.

N-l-n 1

And the odd index coefficients as
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_ 2 & e +)2k+hr 8 Cn+D2k-D7
X21+1+X2k-1_=g{zxnccs N +anccs N

n=0 n=0

(..n+1)7rcc QCn+Dkx
2N AN/2)

11
a2Vt Z(y—z)Z €08

-1
1 z (..n + l)k:r
Kakn —;( ‘/ B Z:;) 2N 1D . ST

r =(y, -z',)2c0s

where k=01,..,(N/2)~1 and on s D) _—
= ’ Ze,(Y ~Z',)cos @n + Dix 2ccs( "+ hr
N/21i13 2(N/2) 2N

2n+ D

11. A method of encoding an image represented as a DCT
transformed sequence of length N, N being a positive, even
integer, wherein the DCT is calculated directly from two
sequences of length N/2 representing the first and second
half of the original sequence of length N, characterised in
that the even coefficients of a DCT of length N are

calculated as:

N
~-t

X = |2, ”Z‘x  (2n+ Dur =\/zg sz wos 21t Drem Nt  ags 2t Drem
WS 2N NS AN LS T 2N 1)

N

_ [z 2 @n+ Dix 2 [2(N = 1= n) + e |
\/;g* "Z::oy"c Z S { N2 ]

ANT2) e

N N
~- ~-1
1 2 z Qn+ Dxx 2 2 Q@n+ Dxr
= =<, ]—¢ , COS + £ z, €0 ———
ValVwvrz* n;,y P>

AN/2) NN/2 7T 2AN12)
1 1
= \E[Yk +(—1)*z,] = \/;[Yk +2'] k=0L..WN/2)-1
whereZ',is the DCT of ', =x,,,, #=0L..,N/2)-1.

And the odd index coefficients as
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—_ 2 “ Qu+D2k+hr & n+1X2k-Dx
Xpu T X == J; {z N Zx,, coS 2N

n=0 n=0

@Qn+Dr  (2n+Dkx
—_— - ') S
\f IR Z@ 2o oo ey [OF

N
——1
1 1 2 3: (2n+ Dkr
n c VTN

Xopoy == -X
2641 & S 2AN 1 2) 2k-1 1

&,
21V N2 &

(2n+ D
ro= - z' )2cos———=
=, —2) N

where k=0]l..,(N/2)-1 and 2o
2 i \ @n+Dix @n+Drx
= —————Za( ~Z',)cos 2cos
0 2(N/2) 2N

12. A method according to any of claims 10 - 11,

characterised in that N is equal to 2", m being a positive

integer > 0.

13. A method of decoding an image represented as a DCT
transformed sequence of length N, N being a positive, even
integer, wherein the DCT is calculated directly from two
sequences of length N/2 representing the first and second
half of the original sequence of length N, , characterised in
that the even coefficients of a DCT of length N are

calculated as:

N

! 2n+1 gy 2n+ 1
XZk = __.g“ Zx M:( Zx co (n )Kﬂ--«}- Z x"cos(_f___.)_lfz

2N n=0 2( /2) n=N/2 2(N/2)
ﬁ_, -
(2n+l)lc7z 2_ [2(N-1-n)+ Ik
\/7 Zy" AN "Zo ro { ANI2)

3

N
— 1
’1 2 2 } 2n+1
= E }—V_/—-gk Eyn COS(2n+1)K” E M>

) i) AN A, 2N 12)

([Y +(=D*z,] = [Y +2'] k=0L..,(N/D-1

whereZ',is the DCT of ', =x,,,, n=0L.,(N/2)-1.

n
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And the odd index coefficients as

2 ¥ 2 - Nl 2 % —
X +X 2 Zx,,ccs(m + D2k + D7 +Zx m(,.n + D)2k -Dx
i N = 2N " 2N

n=0

=l1 G.Z(y 2.0 (@r+br  (Qn+Dkx

N/2 & AN AN/2)

N
2o
1 T[22 (2n+Dkx
X, == < TR _x
w1 =V VN 2 ‘;’"cos 2AN/2) 1 4

@n+hrx
=(y -z )2cos——
1, =(y, -2, )2¢cos N
where £=0...,N/2)-1 and 5 o ot 1) _—
_ f ZQ(Y -2 (n+)7r 2005( n+ D
N2 2(N/2) 2N

14. A method of decoding an image in the compressed (DCT)
domain, using DCTs of lengths N/2 and wherein the compressed
frames are undersampled by a certain facter in each
dimension, wherein an NxN DCT is directly calculated from 4
adjacent N/2xN/2 blocks of DCT coefficients of the incoming
compressed frames, N being a positive, even integer, ,
characterised in that the even coefficients of a DCT of

length N are calculated as:

N
—-1
2,5 2 . 2 e 2n+1
PR EIN RN L: s EI L PN C ) L SNIPC b
N T 2N N T ANT2) iR 2AN12)

N
=J:€k Zly" Qn+ Drr 22 . {[Z(N—l—n)wtl]xn-

"0 (N/2 a0 2N 12)

N N
-1 —_-1
2 2
___\/j 2 o S woe 2+ Drm [2 b S, s 2+ 7 |
2NN/ = Anr2) VN2t o AN /2)

1 1
= \/;[Yk +(-D*2,] = \En +2',] k=0L...(N/2)-1

whereZ',is the DCT of 7, =x

n=01.,(N/2)-1.

N-t-n ¥

And the odd index coefficients as
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_ 2 & Qn+ D2k +Dr & n+ 12k -
Xouat X, —=J;{anws N +Zx,,ccs N

n=0

Qn+Dkr
AN/2)

N

pa)
1 1] 2 % @1+ D

= [ £, ~Z,)2cos
& ¥2|VN/2 ’,;,(y" ") 2N

N
=1
1 /1 2 3
X,hl:;k—‘/; «N/:)s,;r"cos

(2n+Dkx
2N /2)

Aok 7
(2n+ Dz

r= ~2' )2 cos "

=0 -2) oYY,

where £=0]..,N/2)-1 and

PCT/SE99/01049

15. A method according to any of claims 13 - 14,

characterised in that N is equal to 27,

integer > 0.

N
-1
b3
_ ’—2—26'1(1'1 _le)cc°(2n+1)17r 2ccs(2n+l)ﬂ
N2 2(N /2) 2N

m being a positive
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