‘2264605 -1- SI GNAL COVPRESSI NG SYSTEM DESCRI PTI ON 5.-Fhe pres
relates to a
present invention is particularly suited to conpressing inmge signals. 10

| mage signals may be conpressed by notion-conpensated interfrane

di screte cosine transform (DCT) coding such as is defined by a MPEG ( Movi ng

si gnal conpressi ng system A systen1accord|nZ?EZGEZIESCjES_

Picture Expert  Goup) international st andar d. This = form of

si gnal conpression has attracted nuch attention in the field 15 of :
‘high definition television (HDTV). Figure 1 is a block diagramof such
a conventional notion- conpensated interfyame DCT coder. |In the shown
coder, an image signal is divided into a plurality of 20 sub- bl ocks.

The sub bl ocks are all of the same size, for exanple 8x8, 16x16,
A rotion estimator 40 produces a notion vector, defined by the

di fference

10 .
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'SIGNAL COMPRESSING SYSTEM

DESCRIPTION

. ‘The present invention relates to a signal compressing

system.. A system according to the present invention is

particularly suited to compressing image signals.

dImage signals may be COmpreSSed by motion-compensated

"interframe -discrete cosine transform (DCT) coding such

as-is_defined,by'a MPEG (Moving'Picture Expert 'Group)

international : standard This form - of signal

_compress10n has attracted much attention in the fleld_

of high defln;tlon ‘television (HDTV).

Figure 1 - is a block diagram of such a cqnventional

motion-compensated . interframe DCT coder. In the shown

. coder, ‘an image signal is divided into a plutality of

sub-blocks. The sub-blocks are all of the same size,
for example 8x8, 16x16, SRR A motlon estimator 40

produces a motion vector, defined by "the difference



-2- between t.he .curreptl ihage signal and a oﬁe-frahé'délayed | mage
signal ;, output by a frame nenory 30. The notion vector is supplied to a
notion conpensator 50 which conpensates the delayed inage signal from .

the 5 - frame nenory 30. on the basis of the notion vector. A first _
adder 8a serves to produce the difference between the present frame and the
del ayed, notion conpensated frane. A discrete ~cosine transform

portion 10 processes the difference signal, output by the first 10
adder 8a, for a sub-block. The notion estimator 40 determnes the
notion vector by using a block matching algorithm The  discrete cosine

- transforned signal is quantized by"1%5 = a quantizer 20. The inmage

versi on t hercotbtuam HiaT BRI EoRecs: RLeRaTonpPises | CRSRTERRR ty .
o G, ST dE Uod SEGARE, Chutfis CH PRGRH HAbD 54 | TR "

motion vector is supplied to a motion compensator 50.

which compensateé the delajed image signal.from the

5  frame memory 30 on the bé;is.of the motioh vector. A

first adder:Sa.sérves.to produce the'difference between

the present frame and the'delayéd,._mbtion .cbmpensated

framé; - A”. discrete ' cosine transfbrﬁ ~portion 10

processes the differenEe signal, output by the firgt

10 adder 8a, for a sub-block. The motion'estimator 40
determines the motioh_Vecfor by using é block .matchihg

algorithm. :

The discrete cosine t:ansformed-signal is Quantized by

15 auquantizer_ZO.'~The image signél is scanned in a

'__2ig-zag; manner * to produce' a rﬁnlength coded vérsion

_ the;edf. The runlength coded sign&l comprises a

plufélit§‘ of._striﬁgs which include a series of "O"S,:
represehting the run léngth; and an ampiitude value of

20 . any value ekcept "o".



3 The 'runlengfh ‘coded éighal I's dequantized by a dequantizer 21,
inversely zig-zag.scanned and inversely discrete cosine transformed by
an inverse discrete cosine transformng portion 11. The transforned i mage

5 'signal is added to the notion-conpensated estinmate error
signal by a wsecond .adder 8b. As a result the inmage signal is decoded
into a signal corresponding to the original inmage signal. 10 Refresh

switches RSWL , RSW2 are arranged between-the adders 8a, 8b and the notion
conpensator 40 so as to provide theée original image signal free from
external ly induced errors. 15 =~ The runlength -coded signal is also
supplied to a variable length coder- 30~ which applies a variable

| ength coding to the_runlength coded i mage signal.. The variable, |engih
coded signal is theWQﬁﬂrnHéa¥ﬁQﬁEﬂ1ep¢9 tréhﬁﬁ%% btd f e@%ﬁ%&lﬁeaodéﬁ a
i mge signal. 20 In_, notion-conpensated. - adaptjve n

interframe signal SEIRAFIERT |51 estTYRESRLY 2 1SRA0 %CFT%%?&S%H& f‘BﬁéggelY
conpensati on, there%&sé%éégrﬂégéifg +gfgh3formed bY-'én inverse diécrete
| .- _cosihe.transforming.poréion 11. .The transformed -image
5 '~ 'signal is__addedj tq the motionécompenSated ~estimate

‘error éignal 'by:‘a sgcond'*adder 8b. As a result thé

g ' ) image signal is decoded into a signal corresponding to

the original'image-sighal.

10 ' RefreSh ‘switches 'RSW1 , RSW2 are arrahged between the
adders 8a, 8b and the motion compensator 40 so as to
provide the original image signal free from externally
induced errors. |

15 "The-rﬁnlength ‘coded signal is also supplied to a .
variable; length ‘Coder 60 which applies a variable

length_coding'to the.runlength goded image signal.’ The
'variéﬂlé.hléngth'“cbded signai is:then-output through a
'FIFOI;fansfer'buffer'70'as'é coded image signal.

20 o |
In motionécompensétéd' adéptive -DCT coding,  the
interffame sign31  can_be easily estimated or coded by

- way of'mbtidn'compénsation,_thereby_'obtaining a high



-4- coding efficiency, since the inmage sigmal -~has a relatively hlgh

correlation along the time axis. - That is, according to the
~afore-nmentioned nethod, the coding efficiency is high because nost of the
energy of 5. a discrete cosine transformed signal is conpressed at

the lower end of its spectrum resulting in long runs of "0"s in the
~runl ength coded signal. However, the scanning regine of the _
~afore-nmentioned 10 . met hod does 'not take account of differences in
“the spectrum of .the. notion-conpensated interframe  DCT signal with
time. A nmethod is known wherein ,one of  a pIurallty of 15

reference nodes is previously sel ect &don the basi of the difference

bet th | ock d.that of f, d the i |
s Scanned by Sudgndr °§e2LEimARYs’ Sé‘f‘pf{?re\r/llt?\?idé'ﬁ“aar‘}te%gns%} Itg?ngfemf?leggﬁd
sui tably quanti Z‘Sgatl%?.ﬂ ﬁEgH BoT2E1g ?’102'0%\#?1 % %t%.n?eo axis gh f are

enployed to conpute nergies o e an ency

conponents of the,i MgecsiaAl tb" tAGCORIRREnetidndd'® nddl [ AR O

- coding efficiency_is high_because most of the energy'of
5_ a discrete cosine transformed_signal is _cOmpressed at
“the lower end of;its_spectrum, resulting in long runs

of "0"s in the_runlength coded signal.
'However,'the s¢anning regime of the afore—mentioned
10 - method dbes.-not take acebunt_.of_differences'in the
spectrum of the motion-compensated interframe DCT

" signal with time.

A metned is known wherein..ene of a plurality of

15 | reference modes is previdusly selected’on the basis of
___the dlfference between the present block and that of a

prev10us frame and the image srgnal 1s scanned by way leJ

of ?;. scannlng_ pattern under ‘the selected mode and
suitablquuantized With such a. method however, three

20 | modes. are employed to compute the energies of the
" intermediate and high frequency comnonents of the image -
signal - in accordance with the ,interframe or the

intraframe modes in order to determine the appropriate



intrafrane nodes in order-to determine the appropriate -5- node. Thi s
node determ ning procedure is undesirably conplicated. According to the
present invention, there is'provided a S video ‘signal conpression system
conpri si ng dlscrete cosine transformer neans arganged to perform

mot i on- conpensated interframe adaptive discrete cosine transformation of an

Input vi deo si gnal mohe .pr odrigEs a midile Oldeteaflirgimnt gro‘é:@aﬁh&*éﬁglﬁeaﬁﬁdemrably
arranged to scan said set of coefficients 10 according to a plurality of

di ff erent scanni ngcpaipllécatedy produce a plurality of sets of reordered
qoeff|C|ents runl ength codi ng neans arranged to runl ength encode each of
Sai d sets of reordered coeffi.cients, selection neans arranged to select the .
r'unl ength encoded set of reordered 15 -coefficients which produces the
post  efficient cAdcngdmm;thnghEOprqsenbtennenedomntuherm dsd gxovided a
produce a pattern signal indjcating the: scanning pattern corresponding to
t-he sel ected ruBl emgtdeoeaigdad sempnésseondayedemoeébmpresnng disareskl eosine
I'engt h coder arranged to variable .
transformer means arranged to perform motlon -compensated
interframe adaptlve dlserete cosine transformatlop of an
input video signal to produce a set of coefficients,
scanning means arranged to scan said set of coefficients
according to a plurality of different scanning patterns to
produce a plurality of ‘ sets of reordered._coefficfents,
runlength cbdidé meahs arranged to runlength encode each of
said sets of reordered .coefficients, selection means
arranged to select the runlength encoded set of reordered
15 coefficients which produces the most efficient coding:
according to a predetermined criterien and to produce a
' pattern signal indicating the scanning pattern corresponding
"to the selected runlength encoded set of recrdered
. coefficients, a variable length coder arranged to variable
20 - length encode the selected runlength' encoded set of
reordered coeffieients, and a multlplexer arranged to

multiplex the signai eutput by the variable length coder and.

said pattern signal.

25 An embodiment of the present' invention will now be

described,.by way of example, with reference to Figures 2



20 length encode the selected runlength encoded set of reordered
coefficients, and a multiplexer arranged to nuftiplex the signal output by
the variable length coder and said pattern signal. 25 An enbodi nent of’
the present invention wll .now be des&r+bed, by way of exanple, wth
reference to Figures 2 -6- and 3 of the acconpanying draw ngs, in which:
Figure 1 is aabiiodkofli ageaarobmpanyringntrawdngsdapn whiiak:erframe DCT
codi ng system enpl oying a notion conpensating 5 technique; Figure 2 is a
bl ock di agram of a conpression system enbodying-the present invention; and
10 Figure 3 shows various possible scanning patterns in accordance
with the presBhguravdntisna Reiecki djagram gofe 2, convenpionpiagedaptyins i s
di vided into equal -sized sub-bl ocks, for exanple 8x8, 16x16, A
15 notion esirherbrame RET qading sysiem ewploying a motion compensating

N

5 - technique;

Figure 2 is a block diagram .of a 'compreSsion sYstem

_embodying the present invention; and.

10. Figure 3 Shows ‘various possible’ scanning patterns in \;)
accordance with the.present_invention, | B
Referring to Figure 2, ah“input image signal is divided into
equal-sized sub-blocks, for example 8x8, 16x16, .... . .A

15 motion_estimator 40 determines a motion



-7- vector by conparing the current frame and a one frane del ayed signa
froma frane nenory 30. The notion vector issupplied to a notion R
conpensator 5 60 which, in turn, conpensates the del ayed frame signa
for nmovenent. A first adder 8a produces a difference signal .representing
the difference between the present -  franme and the del ayed, '
moti on- conpensated frame. A DCT coder 10  DCT-codes the difference
signal. The DCT 10 coded i mage signal is quantized by a quantizer 20
and then dequantized by a dequantizer 21. The dequantized signal is
supplied to a second adder 8b, which addé'it to the output of the

moti on conpensator 50, via an inverse disciete cosine transformer 11. This

produces 15.  a sj ..COLresg L0g.10 e _qtiginal._jmag i gnal..

out put of the nDtiokgggéﬁenégto?8ggg?gn§pﬁhgeﬁg%%% Qéfgéggrgnga% %%Eby ne
refresh switches R - e,q bZ&dmal . signal "is also
supplied to a nuF%%;gggﬁﬁg%aﬁaéofrgahﬁcEéaggaﬁ%mokgaggccording to a
plurality of predeterm ned patterns. : '

The'motidﬁ vectofﬁis_supﬁlied to a motién_”compensatorj

5. 60 which, in turn, compensates the délayed frame signal
.for movement.'.A firét_adder_ea produces a difference.
signaf' represénting ﬁﬁe'difference between the present

- ; frame and the delayed, motion-~compensated fréme. A DCT
coder 10-'bCT—codes _the- differeﬁce' signal. The DCT

10 -éqded image signal is-éuantized-by“a quantizer 20 and
then .dequantized'by a dequantizef 21. The dequantized

_ signai is supplied to a second adder 8b, which adds it

to the output of 'the. mbtion compensator 50, via an
inverse'discrete c6sine'tfanstrmer 11. Tﬁis produces

15 a'signal corresponding to the origihal image signal.

" ' Théf'dutput of the motion compensator 50 is applied to

_the adders 8a, 8b by refresh switches RSW1, RSW2.

20 The quantized image signal is also ' supplied to a
‘multi-scanner 80 which scans it according to a

plurality of predetérminedupétterns.-



-8- A scanning pattern selector 90 selects the scanning pattern which
produces . the m ni mrum nunber of bits to represent .the current sub-bl ock. |,
The scanning pattern selector also produces selection data which
~identifies 5 the sel ected scanning pattern. The i mage signal

output by the scanning pattern selector 90 is variable length coded.
by a variable length coder  60. The variable length coder 60 10
conpresses theinage signal output by the scanning pattern selector
90. The variable length coder 60 operates such that a |arge -
proportion- of the data sanples- age each represented by a small nunber
of bits whilst a small proportion of°the data sanples are each 15

ronerorned ) i ACkR BE Pt tec e of, ShPREERSRE°! RBannine: or,
"o
the- magn t ude. TR gt PEoELbE WAL ﬁ““‘q ufigsecasctatl ro, 7,

achi eved becaqﬁﬁ%Feéknt @@rf§ﬂ£e§ﬁﬂlﬁgogﬁ 0@h¥ séanﬁ?ﬂb bbﬁ%te%ﬁd ’

"255" can be representea by a relatively [arge nunber of
selector also produces selection data which ldentlfles

5 the selected scanning pattern.:

The._ imége .signal' dﬁtput by 'the scanning pattern
selector 90 is variable length codéd' by a variable ~
Iength coder = 60. The variable length coder 60
10 ' compreéSes-the_image 'Signal'-output by the scanning
pattern selector _90.. The variable length coder 60
operates.such'thaﬁ- a. large proportion: of the data
~samples -are each répresénted by a small number of bits

whilst a small proportion of the data samples are each

15 represented by a large number of bits. -

When é discrete . cosine. transformed image signal is o/
:quén%iiea_aﬁd_runlength_coded, “the number of _"Oés is
increased over all while the number of.WO"s decreases -

20 . as the magnitude of the signalfincreaseé, Accordingly,
data ‘cdmpreSSion is = achieved because  "0" can be

' represented by- oh1y a few bits -and-3“255" can be

represented by a relatively_large number of bits.



-9--Bdth thé vari abl e Iength-Coded signal and the sel-ection data are
suppl-i ed to ‘a nultiplexer MIX1 which nultiplexes the variable Iength
coded signal and the selection data, and optionally additional

i nformation 5 such as teletext. Since the variable |ength coded S|gnal
has data words of different lengths, a transfer buffer 70 is enployed to
tenporarily store the multiplexed signal and. output 10 . It at a

constant rate. The original image signal is reconstructed at a renote
station by performng the appropriate inverse scanning of - the .runlength

coded signal in accordance with the 15 mul ti pl exed scanning pattern
sel ection data. Figures 3A to 3H shomﬂ possible scanning patterns
enpl oyed by the nul |-sc nner |t|o nni, n att W |1 be,
apparent to the skil S V?Eh%?%? gegt ?aeghﬁlgﬂa Y aw &Fﬁ%

becones too | arge, the codln eff|C|e cy, Is, _de rade . the - ectjan
data word becones Id% suppﬂ da to’%4 gtlpiexer ﬁﬁ%l which

'multlplexes the varlable length coded signal and the
selection data, and optlonally additional information

5 such as teletext.

n%ince Ehe_@arfgbfé length coded signal has data words
of different lengths, a transfer buffer 70 is employed
to-temporarily store the muitiplexed_signal and output

10 it at a constant rate.

The original image signal is :éconstructed at a remote
station by performing the appropriate inverse scanning
of the runlength coded signal in accordance with the

15 multiplexed Scanning pattern selection data.

— ' .l nggréé 3A to .3H show possible' scanning patterns'
empfoyed":by the multi-scénner 80. Additiénal scanning

- patterns wiliube_épparent ﬁo the skilled man. However,

20 | if the enumber of pattetns becomes too large, the coding
efficiency is degradéd -as the selection data word

becomes longer.



- 10 - As described above, according to the present invention, the
quanti zed i mage signal is scanned according to various scanning patterns.
Then the nost efficient pattern- is selected. A suitable nmeasure of °

efficiency 5 is the nunber of bits required to runlength code the

i mage signal .. CLAI MS 1. A video signal conpression system -conprising .
discrete cosine transformer -neans arranged to perform- notion- 5
conpensat ed interframe adapti ve di screte cosi ne transformation

of an input video. signal to produce a set of coefficients, scanning neans
arranged to scan said set of coeftigbents according to a plurality of
di fferent scanning patterns to proddce a plurality of sets of reordered 10

coefficients, FUnkgOalhyCqibig, P08 ALh3Ngedd e YR SRl a o of

said sets of "reordere cren

the quantized image signal is 'scanned.accordihg_to'

b

various scanning patterns. Then ~the most efficient °
pattern- is selected. A sﬁitable measure of efficiency
5 is the number of bits required'to_'runlength code - the

. image sighal,

#



(Y

sel ection nmeans ‘arranged to select the runlength encoded set of reordered
coefficients which produces the nost efficient coding according to a
predetermined criterion and to produce 15 a pattern signal indicating
the scanning pattern corresponding to the selg_ted runl engt h encoded set
of reordered coefficients, a variable length co arranged to variabl e
I-engt h encode the selected runlength encoded ggitMd reordered coefficients,
and a nultiplexer arranged to 20 nultiplex..the signal output by the
varlable | ength coder and said pattern S|gnal 2. A vi deo signa

commpr essi on system substantially as hereinbefore described with reference

to Figures 2 and 310f 23 bﬂaeéCéQ@ﬁamycéﬁpﬂééﬂibﬁssystem, comprising discrete
| cosine transfofmer means arranged to perform motion-
s eompensated ~ interframe - adaptive discre;e .cosine'
traneformation of an input video:signel to produce a set of
coefficients, scenning means arranged to scan said set of
coefficients according to a plurality of different scahning
patterﬁs to produce a plurality of sets of reordered
o | 10 coefficients, runlength coding means arranged to ruﬁlength '
| ehcode each ef .said seﬁe_-df reordered coefficients,
selection;means arranged to select the runlength encoded set
of reordefed coefficients whicheproduces the most efficient
"coding according to a pfedetermined.criterion and to produce
15 a patterh - signal indicating the - scanning pattern
- corresponding to the selected. runlength encoded set of
- ‘reordered coefficients, a varlable length coder arranged to
| varlable length encode the selected.runlength,encoded set of
reordered coeff1c1epts, and_ a multiplexer arranged to
20 multiplexmthe sigﬁal output bj the variable length coder and
| Said'patﬁern signalf |

2. ' A video signal commpression system substantially as
hereinbefore described with reference to Figures 2 and 3 of

25 the accompan?ing drawings.
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