METHOD FOR PROCESSI NG A DI G TAL FI LE NOTABLY OF THE | MAGE, VI DEO AND/ OR
AUDI O TYPE The present invention relates to a nethod for processing a

di gital fwbepiomabehl y of the inmage, video and/ or audi o tgpas2dod/oossseabl y but
not exclusively applies to processingla file initially appearing in an
original format and conprising at |east tw subsets of values. Mre
particularly, it proposes a processing operation including a conpression
phase with which a conpressed file nmay be obtai ned, the values of which
have reduced anplitude relatively to that of the values fromthe original
file, and then a restoration phase with which fromthe conpressed file, a
file may be obtai ned having values, the anplitude of which is simlar to
that of the original file. Generally, it is presently known that there are
at | east three conpression nethods by sub-sanpling of inmage or video files,
i.e.: color indexation, YCbCx sub-sanpling (also called YUV for video) and
reduction of lumnosity criteria. The col or indexation nethod consists of
reducing to a single conponent, encoded on eight bits, the three RG col or
conponents of an inmage. Wth this indexation nethod, it is possible to
obtain a significant conpression gain since the systemonly encodes a third
of the original information. This indexation nethod is subdivided into two
alternatives: - A static indexation nethod, also called indexation by

| nduced pal ot PHODFOR PRECHESING' L IS FAT rit #NoFARE Y 'OF ik
IMAGE, VIDEO AND/OR AUDIO TYPE

The present invention relates to a method for processing a digital file, notably

of the image, video and/or audio type.

It notably but not exclusively applies to processing a file initially appearing in

10  an original format and comprising at least two subsets of values.

More particularly, it proposes a processing operation including a compression
phase with which a compressed file may be obtained, the values of which have
reduced amplitude relatively to that of the values from the original file, and
15 then a restoration phase with which from the compressed file, a file may be
obtained having values, the amplitude of which is similar to that of the original

file.

Generally, it is presently known that there are at least three compression
20 methods by sub-sampling of image or video files, i.e.: color indexation, YC,C;

sub-sampling (also called YUV for video) and reduction of luminosity criteria.



avai l able to the system and - A dynam c indexation nmethod, also called

I ndexation by built palette, which i nposes storage on eight bits of the

t hree bytwe 2fwiabvseach conbi nation of different col ors PrepnBmONIESSOYCOC (oOr
YWV) sub-sanpling for colorimetric reduction involves three distinct
signals, i.e.: - Aso-called Y lumnance signal, made up from pri mary RGB

signals wei gh‘rﬁg for {y@gﬂ?@éﬁ’ n’l&ﬁo %%nz?@&sbf !ré’dutc ¢ 18 Wsindle §8ﬁ’e

0.587 G+ 01 vvocorrp enent ary so- ca ed c m nance sl gnal s,

the G et O il @i%hfr%i/ts bgeot@ REB coldrcompbnkdts & an dmadge. IWah+ 0. 500
B+ 128 & 0.500 R- O - 0.080 B + 128 Wth this nethod, the

| umi nance Y nHys hedexationninethed, it umpasub]detobahkam at $ignificant @omsxr@@t(abl y

cuts back the passband assigned to chro f or mat,i an hor ne, by and Cr
('suppr essi on sRinEMGsy the Wémppbh%‘i%{eﬁﬁgt tﬂlﬁr%lga@%am?%ﬂ%mﬂ%% not

perceived by t users)..I'h CJ nosity criteria
consi st sgof é?tﬁ%n Fi%h?cglrﬁ W%’gf‘396¢398ﬁg’%&1&?‘#é‘“@§| ues, according to a
det erm ned scal e, and of restoring the reduced values in their original
|l um nosity criteria, with a constant error rate selected right fromthe

conpr essi on phagestaBy indsxalési amethod, also called indexation by induced palette
consisting of assigning to each pixel one of the 256 combinations
available to the system, and
10
- A dynamic indexation method, also called indexation by built palette,
which imposes storage on eight bits of the three bytes which each

combination of different colors represents.

15 . YGCuC, (or YUV) sub-sampling for colorimetric reduction involves three

distinct signals, i.e.:

- A so-called Y luminance signal, made up from primary RGB signals
weighted according to the eye sensitivity curve:
20 Y=0299R+0587G+0.114B

- With two complementary so-called chrominance signals, the C, et
C, information may be obtained:
C,=-0.169R—-0.331 G+ 0.500 B + 128
25 C,=0.500R—-0.419G-0.080B + 128

With this method, the luminance Y may be transmitted with a wide
bandwidth which considerably cuts back the passband assigned to
chromatic information borne by C, and C, (suppression of color
30 information dealing with fine details which are not perceived by the

users).



It is possible for it to correct certain errors generated by its
conpression nethod. This nethod notably has the foll ow ng advantages: a) It
for exanpwe wwduewss t he range of errors between the restrorasosbeses) and t he
original values to a deviation conpri3ed between "-2" and "+2". b) It for
exanpl e reduces the height of the values transmtted to the encoder and

therefore all . 0N:. 18 b , [ :
normal |y be eﬁﬁ%d@g{hgﬁsﬁpﬁ? ?‘éaﬁgog'@]&%gls bglgig}n%l icﬁgﬁﬁg) Sﬂl%?g%%ggg&t he
nunber of val Hﬁ%inb@it}b‘ie\%]h§(2ﬁ‘eﬂleb¢ﬂﬁé§,ea@brdihg toes Wdtérdtined schle, rmdbef of

values and in their height. It further allows a reduction in the nunber of
colors. d) |treatdringstlad redugedsvaliies tin| theknorigimahdumingsityg exiteria, beith a

processed, in particular imges wt singl e conpqnent or with several
conponents. e§oNsantiLILerg @W®%$$¥IEBH%@BHQWWS%? IP%‘@S% ré/\n}frﬁﬂ 4e¥hhi ch
may be integrat.ed in n. €xj Sti C I.eSS] ' N ' ] es
al readylétg| onpr $8 &?sgli)?ej g%rg%oﬁ'o k;ﬁlggaf %ﬁ;gaﬁ y()(%g(-:g%H gfgg%dnpfb&gls\% tggn{p}r%ssgdﬂ

per form ng Waﬂf,ﬂﬂ)d. IthidgRt A A&RbIY ﬁésqﬁe%nbﬂin%)ad\%@xg%s! ons for the
conpression |1 ke for the deconpression. Nevertheless it turns out that the

af orenenti oned conpressi on net hods have a certain nunber of drawbacks.

Thus, notably, the limts of sub-sanpling by static or dynam c .i ndexati on
are wel | kno?//m) It for example reduces ther}pange %f eyrrors between thg restored Veﬂues

and the original values to a deviation comprised between "-2" and "+2".

10
b) It for example reduces the height of the values transmitted to the encoder
and therefore allows values to be encoded on 18 bits, those which should

normally be encoded on 24 bits in YC,C, sub-sampling.

15 ¢) It reduces the number of values to be encoded because of the reduction in
the number of values and in their height. It further allows a reduction in

the number of colors.

d) It allows all types of still and animated images to be processed, in

20 particular images with a single component or with several components.

e) It is a self-contained compression method or module which may be

integrated into an existing compression chain.

25 f) With it, files already compressed as Jpeg or Mpeg files may be

“recompressed” in a performing way.

g) It uses a restricted number of operations for the compression like for the
decompression.

30



- Static indexation is a source of significant error. Further, this
conpression nethod is simlar to the conpression of a black and white

i mge, fowowhioch29st is difficult to strongly reduce thePpamiigey/c@EsoONent on
pain of not being able to restore it.4- Dynam c indexation proves to be

I nefficient when dealing with an i mage defined by a high nunber of color

ef i ci | by a hig f
Chousands o tainesy duil MERARR: WlirerABhEd phAT RGP ACHodRRRE S ©

t housands oferbih @einiBér bif dldveshdkg. t he nunber of col or conponents of the
| mage. - YCbCr sub-sanpling only inperfectly neets the probl em of

conpression of inmages for four reasons: a) Its design limts it to the
processing of RCGB images. I ndeed, .this nethod is not desjgned for

processi ng IIW%S“CE%‘?Q& gﬁ ligits o subosampling, Vﬁatlfo%m%c, lnlaef@tl?ﬂ % and
white iggagea,, lgi cg‘;qrre i mges and CMIN files. b) It is not a self-contained
conpr essi on S} L I ndeed, it does not generate sufficient conversion of
the file in order that it may be a sel fcontained conpression process. Used

al one, YCbCr sub-sanpling only generates |ow conpression ratios. This is
why known st and8tatie Hadexatiddeds oahesouateyoof t significentperron iRurther,yObdy

sub-sanpling conceptually is an errQr propagation vectQr. .Indeed, wth this
method, it is neempessiopmeheddssimilas o AheFampsessim ?gﬁé%l?‘gﬁ%& gvhite

image, for which it is difficult to strongly reduce the unique component

10 on pain of not being able to restore it.

- Dynamic indexation proves to be inefficient when dealing with an image
defined by a high number of color combinations, such as a photograph
for example: indexation of hundreds of thousands of colors also imposes

15 storing the reference of hundreds of thousands of bytes multiplied by the

number of color components of the image.

- YCy,C, sub-sampling only imperfectly meets the problem of compression

of images for four reasons:

20
a) Its design limits it to the processing of RGB images. Indeed, this method
is not designed for processing files consisting of 1, 2 to 4 color
components, like black and white images, bichrome images and CMJN
files.
25

b) It is not a self-contained compression process. Indeed, it does not
generate sufficient conversion of the file in order that it may be a self-
contained compression process. Used alone, YCy,C, sub-sampling only
generates low compression ratios. This is why known standards have

30 added other algorithmic steps to it.



bet ween the original values and the restored val ues. The devi ati ons between
t hese val ues are generally |ocated between "- 1" and "+ 1". These

devi ati onsoan®/\ayen det ect abl e to the naked eye when a eoEIBBBOSIESSISYSt em
uses YCbCr "4.2.2" sub-sanpling. Durifig deconpression, this nethod uses an
I nterpol ati on nmet hod consi sting of addi ng between two successive val ues of

o . nsi st ;
e conpr esseg)uggb@f EIo ,}ﬂtlg%hfé@{é@gye fOaRbrrbP Bg%éggSﬁ%@t&. Irilell

conpressed va s a ona being s to repl ace t he

val ue which Msmmiﬁﬁ&ﬁ%cﬂwim@tgﬁmsm establish pronedssoneTielaticnshipt i on

causes devi ations which are | ocated between "- 128" and "+ 123",, i,. €. which

may reach "255"betweencther osiginad avalues gndethes ressoedpualugs e dhe of OFIAHRRT i c

degradation. Indeed, b at hering on one,si.de all, the detaj, @ I nmage
Seisn, thepg Vel

- 1gat Apdlrd
on a single co & veluesdrsnesnerallplorpted hebween ' ohgPPd c dhpr essi bl e
on pain of rapi eachl an.ir r egra [ f € and
by gr oupéljng on ?hésegtcgegz?étg?l ée%f%eé‘g%‘eo&t?ﬁ?%@ng?i gﬁé olgﬂiteﬁe e&%bw%%%ea Cr"
conponent s (undesmpRadioas Systdtit hewks Y, Che "92. 31 nghbsanpliagof During mage)
which are nore strongly quantified, sub-sanpling |eads to restoring nore
vi si bl e def ect sdemmaprsssio, thi§ feethod ivseednpintarpekitiog wethodecansissingaof on. A

contrario, statist.icall and conceptually, jt is.seen that reducing the
aﬁmg Lbet}(xreen two sugcesswey vaiues of the compresseg (fille gan

additional value equal to the average of both compressed values, this
10 additional value being supposed to replace the value which was

suppressed during the compression process.

This solution causes deviations which are located between "- 128" and

"+ 128", i.e. which may reach "255".

15 d) YC,C, sub-sampling leads to unbalanced colorimetric degradation.
Indeed, by gathering on one side all the details of the image on a single
component, the Y component, which is less strongly compressible on
pain of rapidly reaching an irreversible degradation of the image, and by
grouping on the other side the color information on the "C," and "C,"

20 components (understood as a synthesis of the original colors of the
image) which are more strongly quantified, sub-sampling leads to
restoring more visible defects because of differentiated processing of the
information.

A contrario, statistically and conceptually, it is seen that reducing the

25 ~ subpixels of a color pixel by an identical ratio is more cost-effective: the
risk of letting a luminosity difference appear between subpixels is
actually considerably less than in the case of differentiated quantification
of subpixels.

Now, this is the major criticism which may be addressed to compression

30 by sub-sampling. Indeed, because of retinal persistence, it is the

luminosity difference, notably between the subpixels which makes the



subpi xel s of a color pixel by an identical ratio is nore cost-effective:
the risk of letting a lumnosity difference appear between subpixels is
actual | y wonsiodaeshl y | ess than in the case of differenPcatiBzh09/005550
gquantification of subpixels. Now, this is the major criticismwhich may be
addressed to conpression by sub-sanpling. |ndeed, because of retinal
persistence, ity i:s_ the | un | tyy .di (@ : pi xel s
whi ch makes théﬁ%?%ﬁﬂgoﬁ%giﬁggéﬁ Hgﬁﬁ%%ﬁﬁg ﬁﬁggg'%?@ngg%eraglggg%ngthe
luminosity of subpixet SholiRUNArY alckoRBEEl i kambhartikamRdr &l ke aathd n the
sane direction for all the subpixels (provided that it is not very far from
the original | ulfrevtioit for.albheThubpixetpr(pasiided tethibds npt veruarnigomutienosi ty
criteria as for it has the faqllowi ng drawbacks: . It insufficiently reduces
the devi ations %gléhl]@ﬁ@ﬂﬁﬁ@g-the val ues of the file for which lumnosity
was redyced. On this matter, it is recalled that the reduction of the steps
bet ween “t hese values is a determ ning el enment for obtaining performances in
compr essi on. Hope bombPesSRACHHGY o PTLORR0 Ny WikdHh hsfdrdekhthd n the
met hod for re umengé%l ?etsgri a %J%@u]%%yﬂé(%c%g?ri n spite of all those which it
mor eover cunul afollewing ldiawbacksot desi gned for conpressing w thout any
percei vabl e degradation, imges with at nost 256 colors. . Because of its
definition, this method is not applicable to conpression

. It insufficiently reduces the deviations which distance the values of the

10 file for which luminosity was reduced. On this matter, it is recalled that
the reduction of the steps between these values is a determining element

for obtaining performances in compression. Now, it is specifically this

property which is lacking in the method for reducing criteria of

luminosity, in spite of all those which it moreover cumulates.

15
.It was not designed for compressing without any perceivable
degradation, images with at most 256 colors.
. Because of its definition, this method is not applicable to compression
20 of audio flies.

As for audio files, the sub-sampling technique is based on a simple
mathematical formula which consists of reducing the number of original
samples per second, according to the method of “N” averaged values. For

25 example for sub-sampling a 44,100 kHz file into a 22,050 kHz file, this
method performs the two-by-two average of the values of samples. Only the
average representing one sample out of two is retained. The volume of bytes
of the original file is thereby reduced by half, although always encoding on 16
bits per channel.

30



of audio flies. As for audio files, the sub-sanpling technique is based on
a sinple mat hematical fornula which consists of reducing the nunber of

ori gi nal wanples29er second, according to the nethod of PCINIBzMED@EgEd

val ues. For exanple for sub-sanpling a 44,100 kHz file into a 22,050 kHz
file, this nmethod perfornms the two-by-two average of the values of sanples.

Only the avgra e sentin vol une
of bytes ofﬁ?ehggtg ﬁgf |WF?§°I? @qrﬁ}%@llgﬁe% lljéglt'eodh‘o\lg%t héWf&{aﬁ]e{iggsu%‘#%gl ways
encodi ng on, f@oﬁi ssli’(ﬁ{ lﬁh%'&%i & BoQPI B tprefenting UMNELY, | videdPradd for
particul arl nmeet new chal | enges posed by cConpression by novel

met hods f orprptesiaptsongds, vigiek imposeamradalityrami leduicompressionds,  whi ch

i npose nore quality and | ess conpression. For this purpose, it proposes a
met hod for conpressing a digital file conprising: - a phase for putting

audi o, Bﬁa@i«? ity PHESEI 1L BOReT R of o e g £ Bl YR 0 o7

said file e@lﬂ gssi vely conpressed by neans of an algorithmin which
each conpress ue of row N (i.e. VCN) is obtained by subtracting from
the value VN of the sanme row N of the origi naI fiIe a predeterm ned nunber
of successive conpressed values (VC N . \ .) calcul ated
previously,- amphasaaforelmttmgtlnm liph aies lpyervei @qﬂOéSaéhd/@F peraudin Geannsl, ¢ he

conpressed fi cliléltalsdata of any audio, image and video file and a compression phase in

10 which the values of said file are successively compressed by means of an
algorithm in which each compressed value of row N (i.e. VCy) is obtained
by subtracting from the value Vy of the same row N of the original file, a
predetermined number of successive compressed values (VCy . 1,

VCx.2, ...) calculated previously, and

15
- a restoration phase in which each of the values of the compressed file is
brought back to a value close to the corresponding value of the original file
by means of an algorithm in which each restored value of row N (i.e. VDN)
is obtained by adding to the value VCN of same row of the compressed file,
20 a predetermined number of successive restored values (VCy.1, VCy.2, ...).

Thus, the compression algorithm may be of the form:

VC, = rounded to the closest unit [(¥; — h)x k|
25  VC, = rounded to the closest unit (7, -ve, - h)x k]
VC, = rounded to the closest unit v, -vc, -ve, - h)x k]

VC,, =rounded to the closest unit [, —VCyy_y =VCy_y — h)x k] Jormula 1

30 arelationship in which,



brought back to a value close to the correspondi ng value of the original
file by neans of an algorithmin which each restored value of row N (i.e.
VDN) is owbDabmed29sy adding to the value VCN of sane rowpafi/iBtoey/ewsssmr essed
file, a predeterm ned nunber of succe8sive restored values (VC N. 1 VCN.
2, ...). Thus, the conpression algorithmmy be of the form VCl= rounded
to the clo {.und P = d to the closest unit [(F2 -
Vox - hy x JEx ig g vathe b rod N of fle KrfipfesH IRE [(F3 - VC2 - VCl~ h)x Jc]
VCN =r oundegtc}0, i'@eProseailywaldulftell valdddE row MCONL 3f thddomprksed fiterul a 1 a
relationship in which,VCNis the value of row N of the conpressed file VCN
i is the YCeuimmbeypredibusilyaateilstet valus of tow N -2 of e eorapeashgst Bised fil e

VCN . 2 is the previously calculated v of row N - 2 of the conpressed

file Wis YNéS&lﬂ‘(?éu%P F%ﬂpﬁhetwégl&ﬁ ’léfenal file k and h are conpression

coefficients | ng._.a ' t SOU0 : j Lev xanpl e

O Cever 51 g MR e S5pleityt o RECiERA T RETAGRTARY 16 le sbREh®
compression level, for example :

Level 1 k= % h=1
1
Level 2 k= 3 h=3
1
Level 3 k= - h=10
10
The restoration algorithm may be of the form:
VD, =1vC, +h
k
VD, =71€-ch +VC, +h
VD, =%VC3 +VC, +VC, +h
15 i

VD, = %VC v +VCy +VC,y, +h SJormula 2

a relationship in which:

20  VDy is the restored value of row N
VCy.1 is the compressed value of row N - 1

VCy.2is the compressed value of row N - 2

With this solution, it is therefore possible to obtain a contraction of the
25  amplitude of the values of the file and to reconstruct a restored file by using a

determined number of successive values of the compressed file.



The restoration algorithmmy be of the form VDl1=-VCl+h k VD2=-VC2+VCl+h k
VD3=- VC3+VC2+VCl+h k VDN =-VC N +VCN_ +VCN 2+h fornula 2 K a rel ationship

i n whi ch:wuDblo/g2d9she restored value of row N VCN . i i sPChaBmosposessed
value of rowN- I VCN. 2 is the conpressed value of row N- 2 Wth this
solution, it is therefore possible to obtain a contraction of the anplitude
"of the values of the file and to reconstruct a restored file by using a

det erm ned nunber of successive val ues of the conpressed file.Particularly
advant ageousdryiculafly AdBdnesbedasls! ke thetidod idescriied eatier applies omtle odsef i | es
such as for exanpl é i mage, video and/or audio files including at |east two
sets of consfefilesisueh\aalforsxamplet images addeo amd ot engiosties dnclydBiaisieas
operation may conprise: - a, preljmnary.phase fqr selecting fromboth sets,

the one fortWhisei pheconsesulle yalpest 1pnthis 525 Mifg COMPTERSYM ATOCRP of
this Sely | Solflye%@gﬂ rﬁa@a@orﬁ&%e:
- a preliminary phase for selecting from both sets, the one for which the
average deviation separating the digital values of this set is larger than the

average deviation which separates the values of the other set,

10
- a phase for compressing the selected set by using a compression algorithm
of the type previously described, for example of the type:
VC, =rounded to the closest unit [V, ~VCyy —VCyy — h)xk| formula 1
15

- a phase for compressing the second set by means of a compression

algorithm involving for the calculation of each of the values:

VC'1 =rounded to the closest unit [(, — ) x k]
20 VC'> =rounded to the closest unit [(7, = VC, — k) x k]
VC's =rounded to the closest unit [(V", — VC, — VC, — ) x k]

VC'y =rounded to the closest unit [(7", = VCy_, = VCy_, — h)x k] formula 3

25  a formula in which:

V'y is the value of row N of the second file
VCy.1 is the compressed value of row N — 1 of the first file
VCy. 5 is the compressed value of row N - 2 of the first file.

30



aver age devi ati on which separates the values of the other set, - a phase
for conpressing the selected set by using a conpression algorithmof the
type prewousioiiesscri bed, for exanple of the type: VCNreraBrdgoosss t he
closest unit [( N- VCN_ - VCN 2 - h)w k] fornula 1 - a phase for

conpressing the second set by neans of a conpression algorithminvol ving

for the callﬁy{}ﬁg i\?%gezo;esgﬁﬁgaﬁz %ii pﬁes&%ﬂgg%f Mfe iirstr ?wm e &drsics! dmest

unit [(V ~ X =rou sest unit [(V2 - "VC1- h) k] VC
=rounded t qidcbRlifik 86 €8 regtorhtibf ¥poritMg2 - VC1- h) x k | VC N= rounded to

t he cl osest unit %(VN ~VCN 1 - VCN_ 2 -h) x k] fornmula 3 a fornula in which:
V Nis the value of row N of the second file VCN. i is the conpressed
value of row N - | of the first file VCN. 2 is the conpressed val ue of row

N - 2 of the figst f1pe. Lyt hisycase.s restoraldemiaf2 the val ues of the

first file may be catried odf’ accordi ng to the restoration algorithm VDN
=- VCN +VC 1+ VCN 2+h formnul a k VDN _hei h estored val ue of row\N of
the first fVD@%%@%Wﬁ@ﬁ%‘?AHP@WéWQIIﬁ@ﬁ% hfﬁeﬁlgecond file may then be
carried out according to the algorithm VD\ =-VQ +h

Restoration of the values of the second file may then be carried out according

to the algorithm:

10 VD' =716—VC'1 +h
VD" =%VC'2 +VC, +h
VD3 =%VC'3 +VC, +VC,+h

VD'y :%VC'N +VCyy +VCyy +h Sormula 4

VD' being the restored value of row N of the second file.
15
A significant advantage of the method described earlier lies in the fact that it is
possible to find a remedy to the problems posed by the utilization of
multisupport multimedia digital data and in the fact that it is adapted to the
characteristics of digital files:
20 - mono 8 and 16 bit audio
- 16 bit and more multichannel audio
- Images with 1, 2, 3 and 4 color components
- Videos with 1, 2, 3 color components
- Fixed or animated 2D and 3D images
25
Moreover, it is possible to largely solve the problems posed by the

optimization of the existing compression processes in that:



k VD 2 =-VQ +vd +h k VD =- VC +VC2+VCl+h VD = - VC N +VCN_X+VCN_2+h
formula 4 K VD N being the restored value of row N of the second file. A
si gni fi camD 2aniviaedsage of the nethod described earlier |ipes/IBmod/bEssfoact that
it is possible to find a renmedy to thg probl ens posed by the utilization of
mul tisupport nmultinedia digital data and in the fact that it is adapted to

the characteristics of digital files: - nono 8 and 16 bit audio - 16 bit
and nore multichannel audio - Irrages with 1, 2, 3 and 4 col or conponents -
Videos with Lt i?s sdlfGc@neliné® CORMEEKs ﬂﬂc&ﬁjra(bsfmgnhmbmj)réﬁ@l(anmt@@ dfmages
Moreover, it Is possible to Iargel Ii)ve t he probl ens posed by the

opti m zation sefjuértinl eoding systensof éh@ I_Z:Wptyp@@s§€9élstlﬁalt mctmg systems of

sel f - cont ai ned co ession process raising the conpression ratios of
sequent i al cdh?nljl PEYPEf the LZWtype or statistical coding systens of

the HUfo man’; tnX:Py be inserted in the existing compression chains, as a compression

module which may be used as:

. an additional step

. and and alternative to certain existing steps such as the YC,C, transform

. and an alternative to certain phases of certain existing steps such as the
10 C,C; transform

. an optimization method infegrated into a transformation formula of the

YC,C, transform or quantification table type.

In the case when it is desired to obtain a larger compression gain (with a slight
15 difference between the restored values and the original values of the audio,
image or video file), the processing operation according to the invention may

comprise:

- a compression phase using an algorithm of the form:

20
VC, = rounded to the closest unit [z‘ - ————(Vé ;l)}
i
VC, = rounded to the closest unit (V OVIC )}
i

v, -vc, -VC, - i)}

VC, = rounded to the closest unit | i - oL
i

25  VC, = rounded to the closest unit {i _ -G ‘(; ; VCyoa ~ Z)} Sformula 5
i

i = a coefficient depending on the sought compression levels with i > 1



- it may be inserted in the existing conpression chains, as a conpression
nodul e which may be used as: . an additional step . and and alternative to
certain ewoinmg2sreps such as the YCbCr transform . anecanBzio/ersssk i ve to
certain phases of certain existing steps such as the CoCr transform. an
optim zation nethod integrated into a transformation fornula of the YCbhCr
transformo cguantification table type. In the case when it is desired to
obtain a | arger conpression gain (wth a slight difference between the

restored val U@%es%iﬁtibﬂ%h@ﬁéﬁéiﬁ%'an seBnobf tHeefoamdi o, i mage or video file),
t he processing operation according to the invention nmay conprise: - a

conpressi on phase using an algorithmof the form VCl= rounded to the
closest unit f g//) FC2 = rounded .%o the closest unit VC, = rounded to the
closest unit i VD(F3 0L 0liFel =il+9,U 170 ddhula 5 i = a coefficient
dependi gﬁg on the sought con‘gres ion levels with i > land - a restoration
phase using an HPgariithiCoaf {lhbﬁﬁéfﬁm

VD, =i(=0,1VC,+0,li +1)+VC, +VC,

VD, =i(=0,1C y+0,li + 1)+ VC,_ +VC,y, formula 6
10 Itis therefore found that the method according to the invention provides:

- aremedy to the axiomatic rules of compression by reducing the amplitude
of the values, the deviations between the values and the number of values
by thereby limiting the different increments,

15 - the establishment of a constant range of contracted values, depending on the
selected compression level and, accordingly,

- the strict restriction of the range of errors between the restored values and
the values which have to be restored, i.e.:

. either the original values when the method is used as a self-contained

20 compression process,
. or the values which one of the compression steps of the existing systems
would have established without any intervention of the method according

to the invention.

25 By means of these particularities, with the method according to the invention,
it is notably possible:

- to reduce as far as possible the total number of values transmitted to the

sequential or statistical encoder so that the volume of compressed file bytes

is as small as possible, while restoring a file similar to the original or

30 similar to what it should have been without the intervention of the method



VDl=- 0,1iVC +0,1i2 +i =K~ 0,1FCl+ 0,1/ + 1) VD2 =z(- 0, WC2+0,li + 1) + C1
VWD =i{- Q1FC3+0Olz + 1) + C2 + VC1 VDN =i (- 0,1FC*O 51 z+ 1) + VCN_ +VCN_2
formul a ewbRoims11245er ef ore found that the nethod accordi mgTiiB20DHve@0ssFVent i on
provides: - a renedy to the axiomatici3rul es of conpression by reducing the
anplitude of the val ues, the devi ations bet ween the val ues and the nunber

of val ues by 5&%5@1}% #d r{hé'ﬂﬁeﬁﬁ ’vgl u@gﬂ% {oner sl Nevel -stiib@y egdMld shment

of a constant Tange©o contracte ependi ng on the selected

conpr essi on | gyBfehand andetastiidibidcordinghe strict restriction of the range
of errors between the restored val ues and the val ues whi ch have to be

restored, i.e. ﬂlenamrelmefrth&dgﬂ@if@ﬂ: nal val ues when the nethod is used as a
sel f - cont ai ned corrpre55| %&&piocess, . or the values which one of the
conpr essi on stepsﬂ%}P ephi ti ng systens woul d have established without

any i nt vention tﬁlgtcﬁﬁef@%ﬁ?ﬁu a?{]ddsgago o the invention. By neans of

t hese p rticulari cording to the invention, it is

not abl y possi bihg:destinidnesiige fae doverias tikofamigel € the total nunmber of val ues
transmitted to the sequential or statistical encoder so that the vol une of
conpressed fil e bffomsdigital cinema to monitoring video

. from published images to the thumbnail images of a mobile telephone

10  An embodiment of the method according to the invention will be described
hereafter, as a non-limiting example, with reference to the appended drawings

wherein:

Fig. 1 shows a file comprising three 8x8 blocks of values of an image

15 for red, green and blue colors (RB, GB, BB), respectively;

Fig. 2 shows the organization of the values of the blocks of Fig. 1 on
three respective lines (red, green, blue) (RL, GL, BL);

20 Figs. 3-7 are diagrams representing the amplitudes of the values of an
original image (Fig.3), after YC,C, compression (Fig.4), after
compression in accordance with the method according to the invention
(Fig. 5), after YC,C; restoration (Fig. 6) and after restoration (Fig. 7) in
accordance with the method according to the invention.

25

First of all, it is recalled that the processing of a digital image customarily
involves the breaking down of the three components of the image, for example

RGB or YUB into blocks of 8x8 pixels.

30 Fig. 1 shows an example of homologous blocks, red RB, green GB, blue BB,

in each of which appear the 64 values assigned to the pixels.



Is as small as possible, while restoring a file simlar to the original or
simlar to what it should have been without the intervention of the

met hodacowodnrigiiees7t he i nventi on, according to a | oss | ecelBI0Y/HESES)Y
defined beforehand and classified accerding to . the nature of the digital
file . tinmeless (image) . tine-dependent (audio and video) . the
destination of the file covering the range . fromdigital cinem to
nonitoring video . from published inages to the thunbnail inages of a

nobi | e tel ephgiier £ ek TRaérsendide thdeheshsac@vehomolagausevalumsseatei on
wi |l be described hereafter, as a non-limting exanple, with reference to

E) Ihe ippepdaﬂaﬂ«edv%ylgsfmm; eentherivglues 12993 8a 1881 for gbeped lpek RF.ehesxs
ocks of values of an image for red, een_and hl ue_col.or R .. BB),
respect i vel yelugg 80, 87, @QJ%%WCSP@;P{FI‘Z% i Yaﬁ'ée%%ﬁ@s (%fé’f ﬁ%e ﬁfugc ks of
Fig. 1 qgn thr spective lines (red, green, blue) (RL, &, BL); Figs. 3-7
are di agr ar@og]gﬁsenti ng the anplitudes of the values of an original inage
(Fig. 3), after YCbCx conpression (Fig. 4), after conpression in accordance
with the method according to the invention (Fig. 5), after YCbCr
rest or at i orPfdeegsing)ofathdsaftiecksr BR,068,i BB, (witlin e seopec obrtbanmetheidt h t he
met hod according to the inventjon. . L.
according to the invention, first of all comprises a preliminary phase
consisting of sequentially organizing the values of these blocks RB, GB, BB,
10  on three respective lines, in each of which the values occupy the positions 1-
64 and follow each other according to an order which is determined by the
reading mode of the used block. In this example, the reading mode is of the
alternating type, the successive reading of two adjacent lines being carried out
in the opposite direction to each other as indicated in Fig. 1.
15
In Fig. 2 which shows the three lines RL, GL, BL, obtained from blocks RB,

GB, BB, the three marked values occupy the rows 40, 41, 42 respectively.

The diagrams illustrated in Figs. 3-7 have been laid out so as to allow the
20 comparison of the amplitudes of the values (in ordinates) to be performed
depending on their row (in abscissae), the rows of the values corresponding to
the RL line ranging from 1-64, the rows of the values corresponding to the GL
line ranging from 65-128 and the rows of the values corresponding to the BL
line ranging from 129-192 (Fig. 2).
25
The graph of Fig. 3 which shows the amplitude of the values of the original
RGB image shows a variation of values between 3 and 188 with peaks for

values of row 3, 67 and 131.

30 In the graph of Fig. 4 which shows the amplitude obtained after YC,C; type

conversion of the values of the original image, variations like those of the red



First of all, it is recalled that the processing of a digital inmage
customarily involves the breaking down of the three conponents of the

i mage, fowvoessnmpbes7RGB or YUB i nto bl ocks of 8x8 pi xel sPCFiIB20040@&k88wWs an
exanpl e of honol ogous bl ocks, red RB,15green GB, blue BB, in each of which
appear the 64 values assigned to the pixels.In order to facilitate

d t andi h i : ,
o the vatque’ 953% GRSl 3 SETLPRTHIR Byt BRI KRR o T,
for the gregp VIEGKoEH @GichRcUBY W8S r&s 1644). ©h firs othbe hbhdiethiel vatiesBB.

Processi ng of these bl ocks RB, , BB, within the scope of the nethod
accordi ng tG,,t g whichnocaupy flier sowsf 6128 canbrli29ekd2 forma| twWe rfAICYeSHEs e

B2, ot R?eéllﬁeéigééé‘é%%:v%n@é?%ﬁ%ﬁ%ﬁt19?) Hi Cn i 4SOy N e
on ¢ hr cBlak i dpy
ot or mi mod Byih Peaney e Rho iR Bhehd ol pRERR MENARSS,

readi ng nodg,q $7@f the alternating type,. the successive reading of two
adj acent |ines Z)ei ng carried out in the opposite direction to each other as
indicated in Fig. 1. In Fig. 2 which shows the three lines RL, G, BL,

obtai ned from bl ocks RB, GB, BB, .the three narked val ues occ%plty, tai r ows
40, 41, 42 Thegeaph Ubisiraterhia Bigadrshoavs thet the eqrapressedrygyes.btamed dveen

| aid out so,as to allow the conpari.son . of the anpl.itudes t \% s (in
or di nat es) 1% Héﬁ%ﬁ%‘i a5 Yele i BV G, ?ngitbsv%;%s@%%tk/ ﬁg r OWs
of the Mpl UgRHGELS E8PARASYY rbRtively to the corresponding values of the original

image (RGB blocks) (Fig.3) and to those obtained by YC,C, conversion

(Fig. 4).

This property is particularly visible at the peaks of values present in the
15  diagrams of Figs. 3 and 4, RGB and YC,C..

Thus, notably, the peaks formed with values from row 3 in Figs.3 and 4
respectively rise to 188 and 178, while for the same row, the corresponding

value obtained by the method according to the invention is of the order of 53

20  (by using the compression formula 1 with & =% and h =1 (Fig. 5)).

On the other hand, at the end of the processing (after reconstruction) restored
values are again found (Fig. 7) very close to those of the values of the original
image (Fig.3) and to those obtained after restoration of the values of the

25  YCuC, conversion (Fig. 6).

It therefore appears that without causing observable degradation of the
restored image relatively to the initial image, with the method according to the

invention, it is possible to considerably reduce the volume of bytes of the



the RL line ranging from 1-64, the rows of the values corresponding to the
G line ranging from65-128 and the rows of the values corresponding to the
BL i ne rmogorgiibysem 129-192 (Fig. 2). The graph of Fi gpc3/saoghosssiows t he
anplitude of the values of the original RGB innage shows a variation of

val ues between 3 and 188 with peaks for values of row 3, 67 and 131. In the
graph of Fi I1CH1.S : i t &t d i i i

conver si on og)gnﬁ ﬁé\&\% ll?é?% 0 e%’ﬂgllﬁoa;@ IS i %gﬂﬁlcﬁggift ﬂ@aﬁllggiliﬁ{olﬂf%%gﬁﬁﬁgg e of
the redval uggl tokdtforgparbssy felbiigelyhigh pre@singiratesdndyube sbimneht i al |y
attenuated for the values of Y (which occupy the rows 1-64). On the other
hand, the values Cbh, C which occupy the rows 65-128 and 129-192 formtwo
successi ve pl at eaus respectively | ocated around 110 for Cb and around 150
for C. It is seen that the values of these three conponents spread out
between the values 3 and 178. The graph illustrated in Fig. 5 shows that
the conpressed val ues, obtained by the nethod according to the invention,
remain at a not very high level (between -8 and 59) relatively to the
correspondi ng values of the original inmage (R& blocks) (Fig. 3) and to

t hose obtained by YCbCr conversion (Fig. 4). This property is particularly
visible at the peaks of values present in the diagrans of Figs. 3 and 4,
RG and YCbCr. Thus, notably, the peaks formed with values fromrow 3 in
Figs. 3 and 4



respectively rise to 188 and 178, while for the sanme row, the correspondi ng
val ue obtai ned by the nmethod according to the invention is of the order of
53 (by uswogotona29sonpression fornula 1 with k =- and h ®cImgteogoossjo). On
the other hand, at the end of the prowessing (after reconstruction)
restored values are again found (Fig. 7) very close to those of the val ues
of the original image (Fig. 3) and teft obt ai ned after restoration of

t he val ues of the YCbCr conversion (FIQ. . It therefore appears that

Wi t hout causi ng observabl e degradation of the restored inmage relatively to
the initial image, with the nmethod according to the invention, it is

possi bl e to consl.darmbthpdr durecessing el digabfilbyotablpioftthe dBigeeFida® fil e.
Further, with the sinplicity of the algorithm c conpression and restoration
process, ret/PuaRdiofyBh processing rates may be obtai ned. CLAIMS L A net hod

for procgessin LQi il ly of the inmage, video and/or audio
type, crq{’gr a@%??@ggg#mhﬁgkcﬁp{ﬁgé%gh ses: - a phase for putting into |line
per col or | ayghhagdf@puptdi AHeliRePerroRr lagéirddidr pataded chamnedudipital | mage
and video file, a conpression phase in which the values of said file are

successi vel y dataplenyeaidiy, imrgesand videoafilpo ni commpriessionipbse it whidhfheessed
value (VO N ool el ied by S acting T omi he valye i of care
values (VC N WhLlchV%\(I:h cgmpi‘e'ssgd Gl ut 1%51 oP":6W RUE! SbtafRd by subtracting
10 from the value Vy of same row N of the original file, a predetermined
number of successive compressed values (VCy .1, VCx . 2, ...) calculated
previously, and
- a restoration phase in which each of the values of the compressed file is
brought back to a value close to the corresponding value of the original file
15 by means of an algorithm in which each restored value (VDy) of row N is
obtained by adding to the value VCy, of same row of the compressed file, a

predetermined number of successive restored values (VCy.1, VCy.2, ...).

2. The method according to claim 1,

20 characterized in that the compression algorithm is of the form:

VC, = rounded to the closest unit [V, - h)x k]
Ve, = rounded to the closest unit (v, -vc, - h)x k]
VC, = rounded to the closest unit [(V3 —~VC, =VC, —h)x k]

2
¥C,, =rounded to the closest unit [(7,, — VCy-, =VCy_, — h)x k| SJormula 1

a relationship in which,

30  VCyis the value of row N of compressed file

VCy.1 is the previously calculated value of row N - 1 of the compressed file



- a restoration phase in which each of the values of the conpressed file is

brought back to a value close to the correspondi ng value of the original

file by meensimfi2zen al gorithmin which each restored valpoe/rgii/d)sssaf row N

i s obtained by adding to the value VO of sane row of the conpressed file,

a predeterm ned nunber of successive restored values (VC N. | 5VCN . 2,
.). 2. Th il | Ler Mpkdakd

conpr essi onva 1&}1‘%@% 'fsﬁfl%éelé\ﬂgire%xfﬁl%e gf%ﬁ%eg ({féﬁ?ﬁg Cl osest ﬁnlt [ (F

- /z)x Jc] Vgasﬁlwalnéeﬁlr@wlﬂbét}méosgﬁtalﬁMt [(F2 - VC1 - h) x Jc] VC3=

rounded to the closest unit [(F3 - EC2 - VC1- h) x Jc]. VCN = rounded to the

closest unik ppdt b W@I\ICOIHPVGNI@ -capffigienty vasying| acqorémgeﬂat thshstpught n

which, VCNis the. v row N of conpressed file VCN. i is the

previ ously S%Iir’l?msélcoé@ rue of row N - | of the conpressed fileVON . 2 is

the prevjously calcul ated value of row N - 2 of the conpressed file VNis

the value of row N of the original file k and h are conpression

coefficients var3iThe artiisdacordingttbelsiaupht conpression level. 3. The

met hod according to claim2, characterized in that: - for a level 1k =, h

= 1 - for achamaelerizednthat:; h = 3

-foralevellk=% ,h=1
-foraleV612k=% ,h=13
10 -foralevel3k=% ,h=10

4. The method according to any of the preceding claims, characterized

in that the restoration algorithm is of the form:

VD, =Ly +n
k
15 VD, =%VC2+VC1+h

VD, =%VC3 +VC, +VC, +h

.....................................

VD, = %VCN +VC,y +VCy, +h Sformula 2

20 arelationship in which:

VDy is the restored value of row N

VCy. is the compressed value of row N - 1

VCy . is the compressed value of row N - 2
25



- for alevel 3 k =, h=107 4. The nethod according to any of the
preceding clainms, characterized in that the restoration algorithmis of the
form VDIwoOV@lttbosk VD2 =-VC 2+VCl+h k VD3=-VC 3+VC2+VCPem/ma200Dhbssso VCN
+VCN_X+VCN _2+h fornula 2 a relationshi9p in which: VDN is the restored val ue
of row NVCN . i is the conpressed value of rowN- | VCN. 2 is the
conpressed val uesofrye Qieiblod s2ordig BRI 1a%g¢@bé§1ﬁg)acﬁ1@ icludi®y at
processing a file including at t two sets val ues, characteri zed in
that it confgasteso setsaf pakies,m nary phase for selecting fromboth sets, the
one for which the average deviation separating the digital values of this
set is |arg@har@nt@mzs¢hmaméntagénmm8auon whi ch separ at es the val ues of the

gt)rr]r;e): e:g[ on- apg&reﬁ{srﬁpglr?frp ase forsssélgcqu %ro‘?’r?lbeo%fl es%tss, Eﬁ'le bgne ¢ 'Which the
5 average deviation separating the digital values of this set is larger than the

average deviation which separates the values of the other set,

- a phase for compressing the selected set by using a compression algorithm
of the type of that described earlier for example of type:
10
VC,, =rounded to the closest unit v, -vC, -VC,_, —h)xk] formula I

. a phase for compressing the second set, by means of a compression
algorithm which involves for calculating each of the values
15
VC'1 =rounded to the closest unit [(7, — h) x k]
VC'2 = rounded to the closest unit [(7, —VC, — 1) x k]
VC's =rounded to the closest unit [/, = VC, — VC, — k) x k|

...........................................

20  VC'y =rounded to the closest unit [(V", = VCy_, = VCy_, —h)x k| formula 3

a formula in which:

V'y is the value of row N of the second file
25  VCy.1 is the compressed value of row N - 1 of the first file

VCy., is the compressed value of row N - 2 of the first file

6. The method according to claim 5,
characterized in that the restoration of the values of the aforesaid first set is

30 carried out according to the restoration algorithm:



of the type of that described earlier for exanple of type: VCN = rounded to
the closest unit [(VN- VCN 1 - VCN 2 - Ji) x Jc] fornmula 1 . a phase for
conpr essiwg 20teeigescond set, by nmeans of a conpressi on alpgonBidogresksoch

i nvolves for cal culating each of the 2alues FG =rounded to the cl osest
unit [(V1- Ji) x k] VC 2= rounded to the closest unit [(V2 - VCl- h) x Jc]
VC =rounded to the closest unit [(V3 - VC2 - VCl1- Ji) x k] VC N =rounded
to the closest unit [(VN- VCN1 - VCN2 - Ji) x k] formula 3 a formula in
which: V Nis the value of row N of the second file,V,.CN. i is the

conpr essed val uéDaf=T 8GN VCra oF Cone i rst fil NAHE 2 2 is the conpr essed
value of row N - 2 of the first file 6. The nethod according to claimb5,
char act er i zgh,| beihfdtie tdstoré® vheasfirow Nfoftthe fired files of the aforesaid first
set is carried out according to the restoration algorithmVDN = VCN +VCN
+VCN_2 +h f andin that thaoresbaraiign ofevalusst ofi the seeond fild isr eaurird ot epeorflingst file
and in that the restoration of values of the second file is carried out
accordi ny t ¥ ORAIZGIEIMt hm VD =-vQ +h k VDI =-VvQ +Vvd +h

VD) =%VC‘1 th
VD =%VC'2 +VC, +h
VD' =%VC'3 +VC, +VC,+h
10 VD'y =%VC‘N +VCyy +VCy, +h Sormula 4

VD'y being the restored value of row N of the second file.

7. The method according to claim 1,
characterized in that it comprises:

15 - acompression phase using an algorithm of the form :

VC, =rounded to the closest unit [z‘ - (V(l)—l_l)}
i

VC, = rounded to the closest unit {z‘ - gfg;—gflcl—_l)}
i

VC, =rounded to the closest unit l:i - v - VC(Z) 1_ VG, - l):l
i

20

_ — C —7
VC,, =rounded to the closest unit |:z' - (VN VCy -6 ” VCy-r —1 )
i

] Jormula 5

i = a coefficient depending on the sought compression level with i> 1

and



k VD =- VQ +VC2+VCl+h k VD N=- VC N+VCN 1+VCN 2+h fornmula 4 k VD N being
the restored value of row N of the second file. 7. The method according to

claiml, wbansctiessized in that it conprises: - a conpre®siraB20phaEsssusi ng an
algorithmof the form: FCl = roundedito the closest unit Z . VC2 = rounded
to the closest unit i - O,li VC3 =rounded to the closest unit i.-

V3- VC2- VCL-..) aQedbbratiof phaboRihbGoNlbodRRBALRIFAR: L he sought compr essi on
|l evel with i > 1 andstoration phase using an algorithmof the form VDL = -

O TCl+0,1i 2+ =i{~0,1FCl + 0,1/ + 1) VD2 =i{- 0, We2+0,1i +1)+ VC1
VD3 = /(- O 1FC3+0, 1z + 1)+ FC2 + YCl VDN =i {- 0, WCN+O, |i + 1) + VON_
+VCN 2 formul a @D, =—0,LVC,+0,i* +i =i(~0,1VC, +0,li +1)
VD, =i(-0,17C,+0,1i +1)+VC,
5 VD, =i(=0,1VC,+0,1i +1)+VC, +VC,

-------------------------------------

VD, =i(=0,WC +0,li +1)+VC,y, +VC,._, formula 6.



