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Background of the Invention

Repetition Coded Compression (RCC) is a technology invented by the present

inventor to increase compressibility of data. RCC is disclosed in the two previously
20 filed cross-related applications, the contents of which are herein incorporated by

reference.

RCC achieves a very impressive level of compression based on coding repetitions.

For example, consider this data sequence of pixel values, where each pixel is

25  represented by 8 bits: -
Data Sequence: | 10 | 10 | 10 9 8 8 9 10 | 10
Bit Plane: | © 1 1 o 0 1 0 0 1
Value Stored: { 10 9 8 9 | 10

Using RCC, the data sequence is able to be compressed by 32% in this example.

However, further compression is desirable.

30
Summary of the Invention
In a first preferred aspect, there is provided a method for compressing image data
of an image wherein the difference between each element and a previous element
is calculated, the method comprising:



of an image wherein the difference between each
el ement and a previous elenent is calculated, the
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conparing the difference with a predetermn ne
correlation value and: if they are equal, a first
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group consi's vertical and diagonal. The nethod
may further conprise transform ng the i mage data
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The method may further comprise the initial step of:
comparing each image element with a previous image element and if they

are within a predetermined range of each other, modifying the image element to be

25 equal to the previous image element;
where repetition is increased to enable lossy compression of the image.

The comparison may be performed in raster order, from left o right and then top to

bottom.

30
The comparison may be performed In non-raster order, the comparison being one

from the group consisting of: vertical and diagonal.

The method may further comprise transforming the image data according to. any
35  one from the group consisting: Repetition Coded Compression (RCC), Repetition
Coded Compression Predict (RCCP), Repetition Coded Adaptive {(RCCA), and

" Repetition Coded Compression Multidimensional. :



Coded Conpression Predict (RCCP), Repetition Coded
Adaptive (RCCA), and Repetition Coded Conpression
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od may further conprise dividing the
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The compressed image and bit plane may be stored on a storage medium and the
25 compressed image is stored as a plurality of tiles to enable streaming of the
- compressed image.

Brief Description of the Drawings

An example of the invention will now be described with reference to the
30  accompanying drawings, in which:

Figure 1 is an illustration of an 81-pixel region within a sample of a colour image;

Figure 2 is a graph Hllustrating the distribution of correlation values for a typical

colour image;

Figure 3 is a process flow diagram of Repetition & Correlation Coding in
35  accordance with a preferred embodiment of the present invention; and

Figure 4 is a system architecture diagram of the Repetition & Correlation Coding

system in accordance with a preferred embodiment of the present invention.



Figure 2 is a graph illustrating the distribution of

correlation values for a typical colour imge; Figure
cess flow diagram of Repetition &

‘%%rﬂr?og Gﬁngn Coding in 35 accordance with a pP’ST’éFF“c?é"’"“”S

enbodi ment of the present invgntion;, and Figure 4 is a

system archi tecture diagramof the Repetition &

Correlation Coding systemin accordance with a

preferred enbodi nent of the present invention. WO
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30 limited range as iliustrated in Figure 2.

Referring to Figure 1, the top row of the data sequence of the pixel region is used
an example.
Data Sequence: | 10 9 10 9 8 10 9 10 | 11

35 IfRCC is applied:
Bit Plane: | 1 1 1 4 1 1 1 1 1




range fromO (black) to 255 (brightest red) to provide
256 distinct levels of colour for an RGB i nage. There
s repetition in a colour image but

‘?@%‘gﬂ?ﬁg 3aUSS| gni ficant correlation between adj gg£{§§2005100039s
pi xel values. It has been discovered that the

di fference between adjacent piXel values falls nostly
within a 30 limted range as illustrated in Figure 2.
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and the correlation value. If the correlation and correlation value are equal 307
20 then a1 is recorded 308 in the bit plane. Otherwise a 0 is recorded 309 in the bit

plane.
Bit Plane (+1): [ 0 0 1 0 0 0 0 1 1
Value Stored: | 10 9 9 8 10 0

During encoding, the data sequence is encoded by storing 311 the value of the
element where there is a 0 in the bit plane for that position and where there is a 1
- 25 inthe bit plane, no value is stored 310.

Rather than storing @ X 8 = 72 bits for the data sequence, only 6 X 8 bits = 48 bits
are stored +9 bits for the bit plane to code the correlation of values. Thus, the
compression achieved is (72 — 57) + 72 = 21%.
30
A second scan is performed 312 with a correlation value of -1:
Bit Plane (-1} | 0 1 0 1 1 0 1 1] 0




Is perfornmed between the correl ation of adjacent
el emrents in the data sequence and the correlation
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The meitidimensional bit plane is:
0 1 1 1 1 0 1| 1 1

20
A “NOT" is performed between the muitidimensional bit plane and the original
image matrix. Both the "OR” and “NOT" operations maintain the integrity of the
image data and preserves the lossless naiure of the transform.
Muftidimensional bit pléne: 0 1 1 1 1 0 1 1.1 1

25

After NOT operation: | 1 t] Q 0 0 1 0 0 0

The muiltidimensional bit plane is a consolidated bit plane representation of all the
bit planes created by comparing the image pixel data with the predetermined
correlation value. Consequently, the entire range of bit planes (based on the range

30  of predetermined correlation values) are represented in a reduced number of bit
planes thereby further enhancing cornpressibility of the image data.



15 Usi ng the sane exanple above: | Bit Plane (+1): 0 O
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Referring to Figure 4, an exemplary system 400 for compressing image data 401 of
an image is provided. The difference between each element and a previous
element is calculated by the system 400. The system 400 generally comprises a

20 comparison module 410 and an encoder 420. The comparison module 410
compares the difference with a predetermined correlation value, and if they are
equal, a first value is recorded in a bit plane 430, and if they are not equal, a
second value is recorded in the bit plane 430, The encoder 420 encodes the first
and second values in the bit plane 430 into a bit plane index, and compresses the

25  image data. The compressed image 440 and bit plane 430 are stored on a storage
medium 450, The compressed image 440 may be stored as separate tiles 460 to
enable streaming of the image to users 470. The compressed image 440 is able to

be decompressed using the bit plane index and the bit plane 430.

30  The image data may be sourced from an analog image capturing device 403 such
as a still camera or video camera, If this is the case, an analog to digital converter
402 is required which may be a digital image scanner. Otherwise, if the image is
already in digital form, it may be directly input fo the comparison module 410 of the
system 400. '



Usi ng the exanple of Figure 1 again, the encoded data
is: Bit Plane (+1): 001 000011 Value Stored:

0 9 15 After decodi ng: Data Sequenc
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Fhe' val can be vari ed
network Initially, tiles are transmitted according to a predetermined scheme such

25  as interlacing, or every fifth tile of the image is first transmitted, tiles are first
transmitted incrementally from the center to the periphery of the image.
Alternatively, the tiles to be first transmitted are selected af random. The
transmission order continues in this manner unless interrupted by the user. The
{ransmission of tiles is able to be infuitive and interactive whereby if the user

30  selects a specific portion of the image they wish to zoom In on or inspect first, tiles
within the selected portion are transmitted with a higher priority than other tiles of
the image. Tiles adjacent to the selected portion are given the next priority, and the
remaining tiles further away from the selected portion are given a lower priority.
Therefore the transmission of tiles fo the user is ordered according to a priority

35 determined by the selection or action of the user. Thus the relevant portion of the
image which is of interest to a user is reproduced faster for display in contrast to

- conventional methods where the image typically is reproduced in raster order from



according to the requirenents of the particul ar
application, and system The higher the threshold,

the conpression ratio and al so the
‘%ﬁgmﬁﬁéég{n the 10 quality of the reconstrucfgth%hymmaw
i mage. Al so, RCC predict transformation (RCCP) and RCC
adaptive transformation (FKIFé may be used toget her
with the present invention to increase
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Correl ation Coding may al so be applled to stream ng
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a di stid presetl shdoaiRan®. aren tidnéforea P |bieC ednsidered tiheali respects
[ nmagey, th@%nc? d&ﬁg’went o smaller tiles, each tile

bei ng I'n conpressed forn1(after
Repetltlon & Correlation Coding) to the user. Miltiple
tiles may be transmtted sinultaneously by multiple
servers to maxi m se bandw dth of the network.
Initially, tiles are transmtted according to a
predet erm ned schene such 25 as interlacing, or every
fifth tile of the inage is first transmtted, tiles
are first transmtted increnentally fromthe center
to the periphery of the image. Alternatively, the
tiles to be first transmtted are selected at random
The transm ssion order continues in this manner
unl ess interrupted by the user. The transm ssion of
tiles is able to be intuitive and interactive whereby
if the user 30 selects a specific portion of the inmage
they wish to zoomin on or inspect first, tiles
~wWthin the selected portion are transmtted with a
hi gher priority than other tiles of the image. Tiles
adj acent to the selected portion are given the next
priority, and the remaining tiles further away from
the selected portion are given a |lower priority.
Therefore the transm ssion of tiles to the user is
ordered according to a priority 35 determ ned by the
sel ection or action of the user. Thus the rel evant
portion of the image which is of interest to a user
is reproduced faster for display in contrast to
conventional methods where the inmage typically is
reproduced in raster order from W 2007/061380
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left to right, top to bottom So, if the area of

sinterest is located in the bottomright corner of tHECE/SGZUISAW

i mage, the user has to wait for the entire
transmssion to conplete. It will be appreciated by
persons skilled in the art that nunerous variations
and/ or 5 nodifications:my be made to the invention
as shown in the specific enbodifrents  wi t hout :
departing fromthe scope or spirit of the invention as
broadl y €ledd3:i bed. The present enbodi ments are,
therefore, to be considered in all respects .

4 107 C e et Bl it Sl rage i o e he
conpr ess'f’?ﬁ"f“’?rﬁ)‘"ﬂ'fg i mage data of an image, the nethod
conprising: SAlkelaingud etrellpn beler el inagn ceatmenn agasius
i mage elimageniomand a previ ous image el enent; conparing

the correl at %a%th@ oéreB{ dn ﬁgﬁrmelgﬁlqneg%rpe%lm%tvglge n al ue

and: if they are 9 fe\ é val ue 1's recor
and if they are ﬁ &g ﬁ%ﬂa aé{Stg G R Rd | s recor ded.
10 2. The met hod ”&@Eé’PWﬁ@‘a'&@ﬁB@Wﬂl@Welﬂemﬂel n the -

firsto and second values are recorded in a bit plane.

3. The met hotheae®od SHobting 9 cigimdl Whedein VG Bhdsebdnd ViEs are
first. val ye d, agnep%%ded the 15.value of the image

‘element 1's not stored, and if the second value is

recorded, the value of the I mage el enent is stored.

.4, The Ret hdidhe smetbest agFandingttaclaih 4, wherdin ifftherfitsheue tsoemprdbd; | inag
- assOsi avdir@f thl Bnagelettet i hitisirRd, BOF he kabhdauy Blrstsrdv, I

the bit vdhledNSe md: eRmediGi®t hod according to claiml,
wherein the predetermned correlation value is a

_val ue from 8 to +8.

The method according to claam 2, further compnsnng associating the
predetermined correlation value with the bit plane.
20 .
L) The method according to claim 1, wherein the predétermined correlation
_ valye is a value from -8 {o +8. '

6. The method according fo claim 5, further comprising repeating the
2_5_ comparison of the difference for each predetermined correlation value, and where
"a separate bit plane is used for each predetermined correlation value. '

7. The method according to claim 1, wherein the first value is 1 and the
second value is 0.
30 '
- 8 The method according fo claim 1, wherein each image element is a pixel.

. 9. The method according to claim 1, further comprising the initial step of:
_ comparing each image element with a previous image element and if they
A35 . are within a predeterm'ined range of each other, modifying the image element to be
. equal to the previous image element;
where repetltzon is mcreased to enable lossy comprasmn of the | nnage

"Ai.nended_‘Sheet
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6. The method according to claim5, further conprising
~repeating the 25 conparison of the difference for FPUCHSGZEUS/HGM
each predeterm ned correlation value, and where a '

separate bit plane Is used for each predeterm ned

correlation value. 7. The nmethod according to claim1,

wherein the first value Is | and the second value is

0. 30 8: The nethod according t'¥ claimi1, wherein. each.

i mage elenent is a pixel. 9. The nethod according to

claiml, further conprising the initial step of: :

conpari ngee acﬂein{éﬁzg@ac@érﬁwgtaiWLt\h‘le?eingﬁee%;in?aun%onl is”;?eggnned in
ede B

el enent ' he 5 are wthin a pr ermn

range of "?%%E%ge&:ﬂﬁ@?left%r?ﬁ@ia?vjl“ﬁ'&ptt%@“?'ﬁage_ el enent to be
equal to the previous inmge el enent; where repetition
i s inéredted The metedrcerrdigssyait O/ie@RSfedmprisdnEpeiMeSin

Anended &hR@ter orderd MEASbHS GRS cansist 2 vertl
met hod a%g[agi;gget 0 clwg’i meﬁe?n\%her ei nh%lﬁé%odn%gﬁé)gb-r%n%s{

performed in” raster order, fromleft to tight and
then top to bottom 5 11. The nethod according to
cl ai m 1. 13wherT8¢ methpd acserdipmtol eaim 1§ furtjwe rcboprisiegl tranaforming the
non- rast iergeodattesccortiftelo CAYTR@S froiOMe RAUR BondiRy:| Kepsidn Coded
e Senc ey k) gy M ol
t r ansf o?(?ﬁ%%{; Jfa ﬂge {R?'Bg’r ?Pﬁg]speﬁlé?f‘ g"'ﬁf EB'F'HF‘%‘E" Vgidintepsionme
fromthe group consisting: Repetition Coded
Conpr essiBon TRA)thod Reatin tid Gatm Cpikeithr CONMBSIRBEVIdNY the image
Predixt ikt hitinty Jreget i tion  Coded Adaptive (RCCA), and
Repetition Coded Conpression Miltidinmensional. 13. The
met hod gc¢cording tg claim 1, further conprising _
di vi di n3_9~t heﬂPrPgediEg acpRrding, o Slalm 5 e iceryprigihe Ypaning they es
The net MB@"ewebr ding to claim 13, further conprising
streaming the tiles via a network. 20 15. The. net hod
as cloai ABd i The Gletbbdstiainfetd incRRT 4, RAAR ChdBRy SR&AY ' d3&itions
repetit &n%sbit plane into a bit-plane index, and encoding image data values of the image
data, to form compressed data.

18. A method for increasing compressibility of data, ihe data comprising a
25  plurality of data elements, the method corﬁprising: _
' calculating a correlation between each data element and a previous data
" element; :
comparing the correlation with a predetermined correlation value and:
) if they are equal, a first value is recorded; and
30 ' if they are not equal, a second value is recorded.

17. A system for compressing image data of an image wherein a.correlation
between each image element and a previous image element is calculated, the
system comprising: ) '

35 " & comparison module to compare the correlation with a predetermined
corr_elaﬁon value, and if they are equal, a first value is recorded in a bit plane, and if
they are not equal, a second value is recorded in the bit plane; and .

Amended Sheet .
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in the bit plane into a bit-plane index, and encodi ng

, 1 mage data values of the inmage data, to form

conpressed data. 16. A nethod for increasing
conpressibility of data, the data conprising a 25
plurality of data elenents, the nethod conpri sing:

calculating -.a correl ati on between each data el enent

and a previous data elenent; ébdbnparing the
correlation with a predeterm ned correl ati on val ue
and: i f thewndred® W ecodedirst bicSdecon@batRs iStnd SEQLMRES a bit
and 30 |&m%§§¥¢are not equal, a second value Is
recorded. 17. A systemfor conpressing imge data of
an i mage whe"BPn le copresErdinegs b ablsde Hdasornsesped ysiag e bit
el ement rlavd indexgnethe bilatang.mage el ement i s cal cul at ed,
the system conprising: 35 a conparison nodule to

conpar e {ghe gy Jyﬁbrﬁ%&%inyotc inﬁ?%&@%tt&r%%ﬂgélﬁ image and bit

correlatkpn vag%g, and | t,%g gre e%ua L .

val ue | STREE TG O § SRy PediLang the cAppresed inpga/s siped At
equal , sty sties egneie streamingebiheiempiessed imegsbi t pl ane;
and Anended Sheet | PEA/AU 12 an encoder 'to encode
first and second values in the bit plane into a bit -
pl ane i ndex; wherein the conpressed inmage is able to
be deconpressed using the bit plane index and the bit
plane. 5 18. The system according to claim 11, wherein

- the conpressed inmage and bit plane are stored on a

storage nedi um and the conpressed inmage is stored as a-
plurality of tiles to enable stream ng of the

conpressed i mage. Amended Sheet | PEA/ AU
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