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| MAGE COCOOR ENCOOTNG 5 The presernt invention relates ™o the
encodi ng and decoding of digital video inmage frames, and particularly to

t he codi ng ixel colour values. A well known technique is run |ength

codi ng, usgg;%sgf%gxarrpl e as one of the coding nodes in the’@ﬁ?ﬁgﬁ“b sc

I nteractive (CD-i) standard. The 10 technique allows sets of adjacent

pi xel values to be coded nore conpactly by specifying the col our once and
then the count of the number (n) of identichl pixels instead of repeating
the col our code (n) tinmes. Further information about run |ength codi ng may
be found in, for exanple, Principles of Interactive Conputer G aphics" by W

M Newran and R F Sproul, 15 International Student Edition, 1979, pp
287-289, pub MG awHiIl, 1SBN O0- 07-066455-2, and a brief summary of the

rel evant points will be given | ow wi. t r rior art Figures 1
to 3 of the acconpanying draw O!M“Pﬁgéﬁgﬁﬁﬁﬁpﬁ?%ﬁﬁ ng i s very
efficient in terns of data conpression 20 for long runs, this efficiency
is reduced for shorter runs and franes with a | arge_nunber of short runs

can be conput ati onal T2 Bf8seAt inventigndalatescto thecencading gnd decedingpisdipitak of
the present inwggks Gabe fRards, khdp&tiduldlySto Reteoling Bf piXYI R¥fsurdjalhégist a
reasonabl e degree of conpression m?thout
A well known technique is run length coding, used for example as one
of the coding modes in the Compact Disc interactive (CD-i} standard. The
10 technique allows sets of adjacent pixel values to be coded more compactly
by specifying the colour once and then the count of the number {n} of
identical pixels instead of repeating the colour code {n) times. Further
information about run length coding may be found in, for example, "Principles
of interactive Computer Graphics” by W M Newman and R F Sproul,
15 international Student Edition, 1979, pp 287-289, pub McGraw-Hill, ISBN O-
07-066455-2, and a brief summary of the relevant points will be given below
with reference to prior art Figures 1 to 3 of the accompanying drawings.

Whilst run length coding is very efficient in terms of data cofnpression

20 for long runs, this efficiency is reduced for shorter runs and frames with a
large number of short runs can be computationally expensive to encode.
Accordingly, it is an object of the present invention to provide a coding
scheme which achieves at least a reasonable degree of compression without
incurring large overheads due to complexity.

25 In accordance with the present invention there is provided a method
of encoding pixel colour vaiues for a digital video image frame in which each
different colour within the image is assigned a colour value, where a
predominant colour is identified for the image frame, and runs of at least two
successive pixels of the predominant colour are encoded as a first code word

a0 indicating a run and a second code word indicating the run length, and
wherein pixels having colours other than the predominant colour are encoded
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respective colour value, wherein a predominant colour is identified for the ‘
image frame, the apparatus including means operable to identify runs of at
least two successive pixels of the predominant colour and encode each such
run as a first code word indicating a run and a second code word indicating
the run length, and means operable to determine pixels having colours other
than the predominant colour and encode these as codes containing at least
the respective colour values. '

Still further in accordance with the present invention there is provided
a video image signal comprising encoded frames of pixel colour values,
wherein runs of two or more successive pixels of a predetermined
predominant colour for the frame are encoded in the form of a first code
waord indicating a run and a second code word indicating the run length, and
pixels of colours other than the predetermined colour are encoded in the form
of a code containing at least the respective colour value. A storage medium
{such as a compact or floppy disc} carrying such a video image signal is also
provided, together with initialisation data including specification of the said
predetermined predominant colour.

The invention additionally provides a video image display apparatus
arranged to receive and decode signals such as described above, the said
apparatus including at least one look-up table of pixel colours, including the
predominant colour, for the digital video image frames addressed by the
encoded pixel colour values, and means operabie to generate for display runs
of at least two successive pixels of the predominant colour as well as
individually generated pixels having colours other than the predominant
colour. '

In a first embodiment of the invention, only the predominant colour of
the frame is run length coded. Thus, for the predominant colour it is not



| east two successive pixels of the predom nant col our and encode each such -
run_as a first code word indicating a run and g second code_word indicating

the run length, and neans operable to determ ne pixels having col ours other ,
10 than the predom nant col our and encode these as codes containing at

| east thayvoe@gemti ve colour values. Still further in acoemisysmesy t h t he
present invention there is provided a video i mage signal conprising encoded
frames of pixel colour values, wherein runs of two or nobre successive

pi xel s of a predeterm ned 15 predom nang colour for the franme are encoded
in the formof a first code word indicating a run and a second code word

i ndicating the run length, and pixels of colours.other than the
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franes addr essitdatign,t #lbruns of, for example, two or more pixels of the same colour
might be run-length encoded to aéhieve_high -data compression but still
without th_e'r'equirenient for at least the short to medium length runs (e.g 3
to 9 pixels) td contain a colour code where the run is of the predominant

10 colour. | _ _ _

The first code word may su_itably.'_i_nclude_ a sub-code indicating one of
a number of ranges_ of run lengths, with the second code word indicating a
7un length from within the range indicated. In this way, the length of the

“second code word can be kept shorter than would be the case if the absolute
15 length were required to be specified. .

In order to allow for situations where the predominant colour changes
within the frame' {(for example a "sp_ﬁt-s_ereen" with a different colour
background in eéch part), a further code may be provided including
specification of_a colour value, wherein subsequent to the placing of the

20 further code in a stream of pixel colour codes, the predominant colour
specified for encoded runs is changed to th_e colbur specified in the further
code. This fur_ther code is referred to as a CHANGE BACKGROUND code in
the following description, and may comprise a first code word indicating a
run and a sub-code indicating a change of pradominént colour, and a second

25 code word comprising the colour value for the new predominant colour. - By
having the same sub-code in the first code word to indicate both a run and
a change of predominant colour, with the difference being indicated by a
specific sub-code of ihe ﬁfst code word, the number of "control” codes is
kept to a minimum, thus allowing a greater number of "free" codes to be

3o assigned to colours. . |

To avoid the inefficiency associated with run-length coding of short



encoded pi xel col our values__and neans operable-to generate for display
runs of at |east two successive pixels of the predom nant col our as well as
i ndi vidual |y generated pixels having col ours other than the predom nant
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5 between successive frames, the code sequence for a frame may suitably
commence with the further code specifying the initial predominant colour,
that is to say instructing a change to the specified predominant colour to be
used for all subsequent runs, even if unchanged from the previous frame.
If it is the case that the predominant colour may change a number of
10 times during the course of a frame, the change command may prove
inefficient. Accordingly, in a still further embodiment of the present invention
a subset of the colours within the image may be identified as predominant
~colours, with colours {other than predominant) being assigned respective
colour codes of a first length, predominant colours being assigned respective
15 colour codes of a second length shorter than the first, and runs of one of the
predominant colours being encoded as a first code word indicating a
predominant colour run and a second code word indicating in separate sub-

codes the run length and {shorter) colour code respactively.

20 Preferred embodiments of the present invention will now be described,
by way of exampls only, and with reference to the accompanying drawings
in which:

Figure 1 represents a known colour code for a single pixel;
Figure 2 represents a known colour code for a pixel run of length L;

25 Figure 3 represents a sequence of pixel colour values converted to
colour codes as in Figures 1 and 2;

Figure 4 is a table of code values according to & first embodiment of
the invention; |
Figure 5 is an alternative version of the table of Figure 4, representing

30 a first alternative embodiment of the invention;

Figures 6 and 7 are tables of code values for background and non-
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10 __ col our.

The first code word nay suitably include a sub-code indicating.

one of a nunber of ranges of run lengths, with the second code word
indicating a run length fromw thin the range indicated. In this way,
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of Figure 8. .

By way of illustration, it will initially be useful to consider a
conventional scheme for encoding pixel colour values, with refefence to
Figures 1 to 3. In the case where each pixel c_olour value occupies seven
bits (Figure 1), as in the run length codiﬁg used for CD-j, the run specification
(Figure 2) occupies two bytes. One byte contains the colour value C in
seven of its bits and the other contains a count value L. For a run of more
than two pixels length, the run length coded form will be more compact than
separately coding each pixel of the run. _

However, in this case coding a single pixel as a run of length one
would be inefficient since this would occupy two bytes whereas the single
colour pixel could Be contained in one byte. The run length coding scheme
used for CD-i therefore allows two adjacent pixels to be defined in both a
repeated one byte code and a two byte run length sequence. The spare bit

| in the colour byte (th_e most significant bit) is uset_:l to indicate this difference.

If a colour byte has i;s most significant bit set to zero then it is a single
colour value as in Figure 1 while if the most signifiqant- bitis set to one then
this byte is the start of a run s_pecification and will be followed by a length
byte as in Figure 2. These one and two byte codes are combined as required
to produce a coded. sequence, a selection of which is shown in Figure 3.
The first embodiment of the invention provides coding for the particular
case where an image principally consists of one background colour with few
instances of significant runs of any other colour value. In such

circumstances it is preferred to run length code runs of pixels of the:

background colour but to individually colour code the pixels of other runs.



speci fic sub-code of the++st—eede—word, the nurber—of "control" codes is
kept to a mninmum thus allowi ng a greater nunber of "free" codes to be 30
assigned to colours. To avoid the inefficiency associated with run-|ength
codi ng of shorW0o%25p1% 96/ 25010 PCT/IB96/00062
PCT/ 1 B96/ 00062 4 runs, runs of one or two pixels of the predom nant col our
may be respectively coded as one or two successive iterations of the col our
val ue for the predom nant col our, or unique shért codes may be respectively
assigned. To allow for the situation where the predoninant colour changes 5

bet ween successive franes, the code sequence for a frane Sui tabI}/‘
comence with the fUMsgiminates the,peed §o ingdicate inthe padeé)ﬂe@mmrﬁmwb cﬁmour

that is to say i nstydiidiRingcoled dfai redrbeahtihiiinRoagl Matenis drd WiEn'dd

be used for all subsequent runs, even | unchange rom the previous
If it is the case tredt mrtbuspuawahe irzitial mbbatlmgrﬂyoohdn(ge with Fighres &f ariD 3) is

tines during the cquise afe FietEnniql albBHIGHGYRIPHE rORYerRfR %S ded data need

5 only contain a count value; since one colour is specified as background, itis
not necessary to specify a colour value for the run,

As will be described below, the method uses variable length code,
which may comprise variable length code words, to further optimise
performance. In the particular implementation to be described, all the

10 variable length codes are set to be an integer number of four-bit words
{nibbles} long.

Each pixel colour value is defined in four bits. Conventionally, this
would allow sixteen possible colours to be specified by the use of a colour
look up table, although in .this embodiment the number of different colours

15 is limited to fifteen, for reasons explained below, in order to improve the
operation of the coding scheme.

Colour codes 1 to 15 {expressed as nibble values 0001 to 1111) are
not compressed, but are simply added to the coded data stream without
further compression. The coding used to indicate background colour run

20 lengths is shown in the table of Figure 4: the names given to the different
codes {SHORT, MEDIUM etc) are merely illustrative and have no effect on the
codes themselves. The benefits of run length coding can clearly be seen
from the longest code shown in Figure 4, that for a run of 303 background
colour pixels which, rather than requiring a colour code nibble for each pixel,

25 requires only 4 nibbles to define the run.

For background runs of 3 or more pixels, colour code O (binary 0000)
is placed in the coded stream to indicate the start of a run coded seduence
of colour 0, which is assumed to be the background colour. If the follow_ing
four bit code is in the range 0011 to 1111 then the run {SHORT) is of a

30 length between 3 and 15 pixels, with the binary coded number of the second
nibbie directly representing the length of the run. Where the second nibble



inefficient. Accordingly, in-a still further enbodi nent of the present

i nvention a subset of the colours wthin the inmage may be identified as
predom nant col ours, with colours (other than predom nant) being assigned
respective col our codes of a first Iength, predom nant col ours being

assi gnedwgesassib! ve 15 col our codes of a second | engt pcpisvshbrezt han t he
first, and runs of one of the predom nant col ours being encoded as a first
code word indicating a predom nant colour run and a second code word
indicating in separate sub- codes the rup length and (shorter) colour code
respectively. 20 Preferred enbodinents of the present invention wll
now be described, by way of exanple only, and with reference to the
acconpanyi Ng firgiyd Bede 0YO000} iheURUMEDIUMIAG 3 W bAgth K& 7 @ng Fpde for
a single pixel; Figure 2 represents a known col our code for a pixel run of
length L; 25 pixels, with g thisd nibligspeeityivga valyedrom bio J5«binary QAR &l ues

converted to fi”l?}’{o gggﬁﬁe&%ifb@ 'ogﬁﬁen?%&-{‘hﬁ gure 4 is a table of

code values according to a first e e invention; Figure 5 is
an al ternative verlfiamthefotheehand)|the sécdndnibble/kf the sequente is@08], then f i r st.

alternatiyve eghogdifPRoetd in tRe' dbts Vet has vaiues between 0000 and 1111
representing 'run lengths (LONG) between 32 and 47 pixels.

The final case (LONGER) is that the second nibble has value 001C, :nd

the two following four bit nibbles are taken together as an eight bit value

representing run lengths between 48 and 303.

10 In order to allow a single pixel of background colour to be represented
in a single four-bit nibble, without the following code being misconstrued as
a run length, colour code 0001 is also taken to represent the background
colour: this is the reason why only 15 colours can be represented in this
scheme. Additionally, unless it directly follows colour code 0000 {as in the |

15 codes for 17, 32 or 49 pixel run lengths), code 0001 represents a single pixel
.of the background colour. As will be noted from Figure 4, there will never
be more than two colour O codes {0000) in sequence: this enables the
scheme to satisfy MPEG constraints, where a series of such codes is used
to indicate a re-synchronisation.

20 Since the coding arrangément described above only allows background
colour runs of 3 or more pixels, a background colour run of length 2
(SINGLE +) is represented by two consecutive colour values of 0001. Also,
a background colour run of a length 16 {SHORT +) is provided as a coded run
of length 15 followed by a single pixel coded 0001. By the use of this

26 second colour code for the predominant or background colour, expansion is
avoided - that is to say a screen of N pixels will be coded in a maximum of
N codes, and generally much fewer. '

_ In an environment where code lengths are not constrained to be a
multiple of four bits, Huffman coding (assigning the shortest caodes to the

30 most commonly specified run lengths) could give even more efficient
compression. Codes of 8-bits or more may be used where it is necessary to



Figures 6 and 7 are tables—e+—eede—val ues for—background and non- WO
96/ 25010 PCT/ 1 B96/ 00062 5
‘kackground pi xel s respectively, representing a further alternative
embodi ment of W@862SA%ntion; Figure 8 is a bl ock schematic diBdER¢P62,

pi xel code detector stage for a decoder apparatus; and 5 Figures 9
to 13 are flow charts illustrating operation of the controller of Figure 8.
By way of illustration, it will initially be ueful to consider a

conventional scheme for encoding pixel colour values, with reference to 10
Figures 1 to 3. In the case where each pixel colour val ue occuples seven
bits (Figure 1), ahave atlnegermgpatgwmlwmcﬁ@%e@dr%ﬁ'mqes PRY. bp yyged where

Vhite Cn seven overy [ refbliaie RS TE, Y12 Count value L. For a
run of nore than two pi kelan alitarativet érabodimendndhe ahnyecretised mpthody a be
conpact than modified as described below with reference to the tabie of Figure 5 to allow
5 the background colour represented by the colour code 0000 to be changed '
dynamically. This would be useful where the background colour changed
part way down an image or where there is a large area of some other colour
where the advantage of run coding outweighed the overhead of changing the

run coded colour,

10 Comparison of Figures 4 and 5 will show that the two schemes are
virtually identical save in that the codes for runs of 4 pixels upwards of the
original embodiment now respectively represent run lengths one pixel shorter.
the original embodiment code for a 3 pixet run {0000 0011) is now used as
a CHANGE BACKGROUND code which indicates that the binary value {cccc)

15 from 1 to 15 of the following nibble (O is reserved to the general designation
of the background) is the colour code for the new background colour. The
new background will be used until the code 0000 0011 0001 (change code
+ original background colour code) is received or a change to a third
background colour is specified. Note that with a changed background, the

20 code for a run of 158 pixels length will have the colour code for that new
background as the third nibble.

This alternative embodiment allows a change in the general
background colour of the image to be specified at a cost of 12 bits of data.
A temporary change to allow a long run of some non-background colour to

26 be coded will cost 24 bits {12 to change to the non-background colour and
12 to switch back to the background colour again), which gives savings for
runs of 9 or more pixels.

in a further ahernative embodiment, all runs of colour values
(predominant/background or otherwise} may be run-length encoded, whilst

30 still using the identification of a predominant colour to produce savings for
' the most common occurrence, that is to say relatively short runs of



15 separately coding each pixel of the run. However, in this case coding
asingle pixel as a run of length one would be inefficient since this would

occupy two bytes whereas the single colour pixel

byte. The run | ength-coding scheme used for CD-i therefore allows two
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background pixel (0000 1111) is wasteful but necessary to avoid anomalies.
If a second colour code (e.g 1) were assigned to the background colour, the
single background pixel could be coded in a single hibble, as with the
schemes of Figures 4 and 5, albeit at the expense of a reduction in available
colour codes. As shown by Figure 6, the particular saving for-this scheme
occurs with ,backgro?md runs of from three to nine pixels, each of which is
encoded in a two nibble code'. For background runs of 10 pixels or more, the
same run-length coding scheme is used as for non-background colours
(shown in Figure 7), that is to say compriging the run code {code 0}, a range
code {1100 or 1101 for MEDIUM or LONG runs respectively) the run length
{4-bits for MEDIUM, 8-bits for LONG) and the colour code.

As shown in Figure 7, runs of 1 to 3 pixels of non-background colour
are simply coded aé separate instances of the colour code. Runs of from 4
to 7 pixels are coded as the run code {(code O) a run length code (4 to 7
indicated by respective binary values 1000 to 1011) and the colour code
{ccce). In similar manner to the SHORT+ codes of the Figures 4 and 5
schemes, a run of eight non-backgiound pixels is coded as a seven pixel run
followed by a repetition of the colour code (i.e the code for a single pixel).

As the coded pixel values will generally be sent or stored as blocks of
values, a further code is provided (OOOO 0000) to indicate the end of a
block. Determination as to the start of a code will be handled at system
level, such that the appearance of two consecutive nibbles of 0000 after the
start of a code (as in the code for a run of 25 background pixels) will not be
taken as indicating the end of a block. .

In a still further aiternative embodiment, the benefits arising from
selection of a predominant or background colour may be extended to aliow

runs.
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elimnates the need to indicate in the coded data stream which col our
values in the coded streamrepresent run | ength coded nmaterial and which do
not: in this W99%/2%I10 nitial bit setting of 0 or 1 (as w th PRGBE062;30d
3) is not required. The techni que al so ensures that the run | ength coded -
data need 5 only contain a count value; since one colour is specified as
background, it is not necessary to specify a d0lour value for the run. As
wi || be described bel ow, the nmethod uses variable | ength code, which may
conprise variable | ength code words, to further optimse performance. In

t he particul ar i npferesuksst of prasiominaateoioursto belspecifiedl dn thiy avavthesepeatgd h

B e, *Sbr oo "B AN B GROIA pdhd of bt Folyd Mg be,
al | ow si xt een possiabbidedo| The spacifitaticspel afsubsetblyas particaiar dbienafit where ldngec
'S 1imited to 117t gafes pes upe dgr Exampe, an kBB aebame) whareuht R B8 ¥1he
operation of tge cagdailblé. CWith-such a scheme, the 16 most commonly used colours are
coded as 4-bit {rather than 8-bit} values. in this way runs of between 3 and
9 pixels may be coded in two 8-bit words as
0000 0000 OLLL cccc
where the first word indicates a run of one of the predominant colours, the
10 first half of the second word specifies the run length (0001 to 0111} and the
second half of the second word comprises the 4-bit colour code. It will be

noted that the first bit of the second word is O in this arrangement: this
allows other coding possibilities including a full range of colours (indicated by
using 1 at the start of this woid).

15 As will be appreciated, whilst the benefits are greater for higher
number bit schemes, the above technique of subsets could be applied to a
4-bit scheme, aithough the range of available run lengths or colour codes

" wouid be greatly restricted. '
Turning now to apparatus for applying the above described schemes,

20 encoding will generally be carried out by a suitably programmed
microprocessor performing the functions of identification of the predominant
colour, assignment of colour codes to pixels, and detecting single instances
and runs of the predominant colour. Dedicatad hardware may instead be
provided but the flexibility of a reprogrammable system is preferred.

25 Considering in detail the implementation of the scheme of Figure 4, the
code detector, for use in a decoder apparatus, may suitably be formed in
hardware and have an arrangement as shown in Figure 8, where controller
20 controls the output nibble value (the colour code for each particular pixel)
as well as an output clock signal, which clocks those nibble values. The

30 controller requests input of a nibble on line 22 by sending a trigger signal on
line 24. This input nibble is supplied to the first input of a multiplexer 26 as



Col our ‘codes 1 to 15 (expressed as nibble v '““‘ﬁﬁﬁp 1) are not

- conpressed_ byt are sinply added to the codel L egr out further

conpression. The coding used to indicate backg . 20 lengths

is shown in the table of Figure 4: the nanes given to the different codes

( SHORT, IswObésdort c) are nerely illustrative and have no wiiBodnepdd t he codes

t hensel ves. The benefits of run |l ength coding can clearly be seen fromthe

| ongest code shown in Figure 4, that for a run of 303 background col our

pi xel s which, rather than requiring a coheur code nibble for each pixel, 25
requires only 4 nibbles to define the run. For background runs of 3 or nore
pi xel s, colour code O (binary 0000) is placed in the coded streamto

Lndi ﬁatﬁ tEe Wdllrts_tzli each lﬂtfmmted?m Iamaceta?asczdé_sgralﬂaazph@ohfpﬁwned to
e the backgroynd col our... the fo r-pbit code is in e range
0011 to 1111 l’ﬂ\éﬂ" B SuRpli °9W§W'%o%95hm0%?mwsa2w'%

pi xels, wi th depebiivéty)conssiid the iptk nitbié bﬂﬂﬁ@&dﬁ&%ﬁb&%ﬂhﬁ&@dm if

representing the |length of the run. \Were the second ni VO 96
PCT/ | B96/ 0006the output from comparator 28 is positive, that is to say the input nibble is

25010

§ -code 0000, then the start of a run is indicated, in which case the controller
sends a signal on select line 34 to the rhultiplaxer 26 causing it to select,
rather than the input nibble' value, the colour code for the predominant
(background) colour stored in register 36. )

Having determined that a run is commencing, the next nibble will be

10 c_alled for (via line 24) nd,_ if the outputé of any of comparators 28,30 or 32
are positive, this will indicate the run is within the ranges identified as
MEDIUM, LONG, or L(_JNGE_R re_;bective_iy gs_identified in Figure 4. If the
output of none of the comparators is positiv_é, then the run is in the SHORT
rahge, that is to say between thrée and fifteen pfxéls and the input nibble

15 value is actually the duration of the run. This nibble value is clocked into an
8-bit counter 38 as the least significant nibble under control of a clock signal
on line 40 from the controller 20. As the counter 38 counts down the value
represented by_thé nibble, the output cl,oci_: signal' on line 32 clocks the
background colour vaiue from register 3_6.on the output line 44 until such

20 time as the nibble value has been counted out, when a zero detect signal
from the counter is passed to the cohtrolle_r via line 46.

In the case where a run has been detected and the second nibble
produces a positive output ﬁom one of comparators 28, 30 or 32, the
following nibble (once called for) will be clodked_iht_o the counter 38 as the

26 least significant nibble (in the case of positive butput f_rorh cdmparators 28
or 30) and the following two nibbles will be read into the counter as
respectively the most and least significant nibbles in the case of a positive
output from comparator 32. Where two nibbles are clocked into the 8-bit
counter 38, that is to say in the case of a LONGER run the most significant

30 nibble is clocked into the counter under control of a further clock line 48 from

the controller,

This Sheet Has Been Rerlaced
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7-is also code 0 (0000), -the—+tur—EDI UM is-of—a | ength between 17 and 31
pi xels, with a third ni bble specifying a value from1l to 15 (binary 0001 to
1111) to be added to 16 to give the run length. If, on the other h t he
second ni bbl e WO 92816 cquence is 0001 then 5 the third ni bb?‘é"‘nﬁ% dat a
stream has val ues between 0000 and 1111 representing run |lengths (LONG
between 32 and 47 pixels. The final case (LONGER) is that the second nibble
has val ue 0010, and the two follow ng four bi 12ni bbl es are taken toget her
as an eight bit value representing run |engths between 48 and 303. 10

In order to allow a single pixel of background coloyr to,be re&r}.esentgd i

a single four-bit nibbl &heaperasionsiaishe eontsolier 20-0ffiowrs &1 dAteminng v, 8“&%
a run length, col ogye GRslR 084 dedcAbed ol AlENand if 88! KW lorid)Gt KN AL be

colour: this is the reason y only 15 colours can be represented_in this

sﬁherlrg. Add ij t i onal Hescribedowithirefarenes:ta ther owshertsaf Figures §toobhoFrom a start

t he codes for 17 . 4, ' R )

singl e pixel of th8°gg(§§$'§ﬁrﬁd&c€r)éﬁjr m'bﬂg "'\t/t\ﬁl\%J %@bﬁgf@ﬁ% ?g%&fg'gﬁrbyﬁﬁmm )
there will never beutputofithezomparatrois chickedeat step 72) to see wvhethewthernibble

ﬁggg ls eis St Bgezc heme ist gofaaééé&ylflxpo%%h%%gata ra%izgrtd?nglw?eeﬂrgsént§ $hé E8108F c5&E (bolour
other than background) for a pixel and, at step 73, the multiplexer 26 (Figure
8) is set to output the input nibble value. At step 74, one clock signal for
this nibble value is also output following which the procedure returns to start

10 point A for the next input nibble.

Where, at step 72, the nibble value is 0000 a run is indicated wﬁich
is processed generally as shown in Figure 10. The processing of a run starts
at step 81, with the triggering of the next input nibble and, at step 82, by
setting the multiplexer 26 (Figure 8) to output colour code 0000 from register

15 36. Following this, the new input nibble is checked at steps 83, 84 and 85
to see whether it corresponds to one of the nibble 2 codes from Figure 4
representing a MEDIUM, LONG, or LONGER run as identified in that Figure.
If the answer is "No" to all of these checks, then the run is in the range of
three to fifteen pixels and the nibble value, loaded into the 8-bit counter, sets

20 the value to be clocked. The repeated outputting of clock signals for the
colour code 0000 is handled by loop stages 87, 88 and 89 which repeatedly -
decrement the clock value and check for zero whilst outputting the clock
signal until such time as the counter reaches zero at which point the process
returns to start A (Figure 9) for the next input nibble value.

26 Where any of the stages 83, 84 or 85 of Figure 10 answers "Yes", a
run in the range of 17 to 303 pixels is specified. Where it is the output from
stage 83 which is "Yes” (the second nibble value is 0000}, the run is in the
range of 17 to 31 pixels and is handled as shown in Figure 11. Initially, at
stage 91, the value 0000 from register 36 is clocked out 16 times, following

30 which a new input nibble is triggered at step 92 which nibble is clocked into
the 8-bit counter at step 93. This least significant nibble value in counter 38



to indicate a re-synchronisation. 20 Since the codi ng arrangenent

-descri bed above only allows background colour runs of 3_or pore pixels, a
background col our run of length 2 (SINGLE +) is represented by two

consecutive col our values of 0001. Also, a background col our run of a

| engt h Iwolshkel +) is provided as a coded run of | engtpcrimeéodesrrwed by a
single pixel coded 0001. By the use of this 25 second col our code for the

predom nant or background col our, expansion is avoided - that is to say a
screen of N pixels will be coded in a nggi numof N codes, and generally
much fewer. In an environnment where code | engths are not constrained to be
a nultiple of four bits, Huffrman coding (assigning the shortest codes to

the 30 nosis wmel&hkeémw @ihrftﬂﬂwh% lgetect ooy (Steps 92,95 GRE V6)
efficient corrpressmn Codes, of 8-bits .or, more may be used where it _is

necessary t o until the eentanmeac MW%QBWBE"'N HZR/E’%%FQBW%FR;W
avai | abl e coligg;fe 9ffst thettHext iMplRmibBI, be used where

Where the nibble 2 value is detected as 0001, at step 84 of Figure 10,

5 the run is between 32 and 47 pixels which is handled as shown in Figure 12.
The handling of the LONG run in Figure 12 is substantially identical to that

for the MEDIUM run of Figure 11, save in that the colour code 0000 is

clocked out 32 times at stage 101 prior to triggering and clocking into the

counter of the next nibble value at steps 102 and 103. Again, the
10 countdown loop of steps 104, 105 and 106 causes output of the additional
clock values beyond 32 forming the total run length.

Where the output of st_eﬁ 85 of Figure 10 is positive, that is to say _the
run is LONGER of length between 48 and 303 pixels, the run is handled as
shown in Figure 13. In this case, the proces# starts by clocking out the

18 value Q000 48 times at step 111 following which the next input nibble is
triggered at step 112. Since, for a LONGER run, the run length beyond 48
pixels is specified as an 8-bit cods, the. nibble triggered at step 112
represents the mosi sighificant half of the 8-bit code and is clocked into the
8-bit counter as such under control of a signal from the controller on line 48

20 (Figure 8). Following this the next nibble is triggered at step 114 which
nibble, comprising the least significant haif of the 8-bit code is clocked in as
the least significant nibble into 8-bit counter 38. Finally, the countdown loop
formed by steps 116, 117 and 118 counts down the 8-bit value represented
in the counter until this reaches zero at which point the process returns to
25 sfart A of Figure 9.

Whilst not shown in Figure 8, it will be appreciated that, where a
change of background is permitted (as with the table of Figure 5) the
contents of register 36 may be modified under control of the controlier 20 to
contain the newly selected background colour value rather than 0000. in

30  ‘addition, the number of times this value is initially clocked out for a run, at
steps 91, 101 and 111 of Figures 11, 12 and 13 respectively, will be 15, 31



very few colours are requi.redln _an alternative_ enbodi nent, the
above-recited nethod may be nodified as descri bed below with reference to
the table of Figure 5 to allow 5 t he background col our represented by the
col our code O®amversotde changed dynanically. This woul d be us@®CEIB62 t he
background col our changed part way down an inmage or where there is a | arge
area of sone other col our where the advantage of run codi ng outwei ghed the
over head of changing the run coded col our. 1014 Conpari son of Figures
4 and 5 will show that the two schenes are virtually identical save in that
the codes for runs of 4 pixels upwards of the original enbodi nent now
respectively repr earah#7rathdrahgn 16, 32-and #8| asspreviously déscribedgi nal

enbodi ment code for a pi xgl run 0000 001 .1) isS_no

BACKGROUND code whi ch ﬁﬂd?‘i@f e£° t‘ﬂéﬁ’gtﬁ%é BPﬂ'Q%’ys%‘f’Ug‘Eﬁ?ﬁ%‘f'giga C$“r€%{r}?§'1t’t‘eo
éS Ic<)f thed; ol | owih nﬁoaifi&hiiené gb 'tlfse apparanstiof Piguhe8 gwill dreageribealiyapparent s thd e
ackgroun is the ¢olour code . fqr the new backqgraqu col aur. Th ew
background wi |l bekd '%HPTP“‘?Pﬂé{'é"&&@‘d_ﬁ?ﬁ&"ﬁﬁﬁ"%@-(‘gﬁ%{ﬁé’é‘E‘tﬁ%51‘-’°""’a‘ ‘
ori gi nal backg ounfiecintpriseAttags28 30582 Will Heed 16 baRenfigared {o¢hietk for the
background col our is specified. te that with a chan,g}eed ackground, .the 20

code for a run of Pastigulae|cedpcwgrds wsed. and dhet,eegistep 36 wilh havs, prayision Jgr
receiving, storing and outputting {under control of controlier 26) colour values

other than the background colour value during runs of the non-background
colours. Similar considerations apply to the embodiment supporting subsets
10 of predominant colours.

From reading the present disclosure, other modifications will be
apparent to persons skilled in the art. Such modifications may involve other
features which are already known in the field of video signal encoding
systems and devices and component parts thereof and which may be used

15 instead of or in addition to features already described herein. Although
claims have been formulated in this application to particular combinations of
features, it should be understood that the scope of the disclosure of the
present invention also includes any novel feature or any novel combination
of features disclosed herein either explicitly or implicitly or any generalisation

20 thereof, whether or not it relates to the same invention as presently claimed
in any claim and whether or not it mitigates any or all of the same technical
problems as does the present invention. The applicants hereby give notice
that new claims may be formulated to such features and/or combinations of
features during the prosecution of the present application or of any further

25 application derived therefrom.



background as the third nibble. This alternative enbodi nent allows a change.
I n the general background colour of _the inmage to be specified at a cost of
12 bits of data. A tenporary change to allow a |long run of sone

non- background col our to 25 be coded will cost 24 bits (12 to change to

t he non_aﬂ&&ﬂﬁﬂﬂnd colour and 12 to switch back to the pqlifisemossd COl our
again), Ich gives savings for runs of 9 or nore pixels. In a further
alternative enbodi nent, all runs of col our val ues (predom nant/background

or otherw se) may be run-length encoded, ilst 30 still using the
I dentification of a predom nant col our to produce savings for the nost
common occurrence, that is to say relatively short runs of WO 96/ 25010

PCT/IBQG/OOOG%LQ$q§ground col our. pixels. The codi ng schenes for background
and non- background runs are shown in Figures 6 and 7 respectively.. In this
schenme, colour codes O to 15 are available (indicated in Figure 7 as

four-bit code ccccy with QBinad 8 Bnfodifig Hind Loibur VAuBS 36P T dIgfhl RiksU" -

Since code 0 is
image frame in which each different colour within the image is assigned a

5 colour value, wherein a predominant colour is ide_ntified for the image frame,
o and runs of at least two successive pixels of the predominant colour are
encoded as a first code word indicafing. a run and a second code word
indicating the run length, and wherein pixels ha\(ing colours other than the
predominant colour are encoded as codes containing at least the respective

10 colour values.

2. A method as claimed in CIaim.1_. ‘wherein each pixel having a
colour other than the'predominant colour is separately coded as its respective
colour value only. |

15 .

3. A method as claimed in Claim 1, wherein runs of two or more
succes_sive pixels of a colour other than the predominant colour are encoded
together as a first code word indicating a run, a second code word indicating
the run length and a third code word indicating the colour value.

20 o

4, A method as claimed in Claim 1, wherein the first code word
includes a sub-code indicating one of a number of ranges of run lengths and
the second code word indicates a run length from within the range indicated.

25 5. A method as claimed in any of Claims 1 to 4, in which a further
code is provided including specification of a colour value, wherein
'subsequént to the placing of the further code in a stream of pixel colour
codes, the predominant colour specified for encoded runs is changed to the

colour specified in the further code.

6. A method as claimed in Claim 5, wherein the further code

I c';-||_ [} [ *
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5 also used to indi catettre—start of a run—tof- any colour) the code for a
si ngl e background pixel (0000 1111) is wasteful but necessary to avoid
anonalies. If a second col our code (e.g 1) were assigned to the background
col our, the s™WRM2SMckground pi xel coul d be coded in a si ngPETAP 2 as
with the schenes of Figures 4 and 5, albeit at the expense of a reduction

I n avail able 10 col our codes. As shown by Figure 6, the particul ar saving
for this scheme occurs wth background runs o6 fromthree to nine pixels,
each of which is encoded in a two ni bble code. For background runs of 10

pi xel s or nore, the sanme run-length coding scheme is used as for

non- backgr ound col @RIMBrigas a\first cogde guerd indicatingt a irun @Hdsa submade; isticgtingea
run code (code 0), n 0 - I . nlpqg
respectively) the ?%rﬁ{qzeﬁgpﬁofﬁigﬂgc?%}pﬁ%f]u%%%?ﬁbftcguggvutéc%g) anc‘?I;5 E‘gé
col our code. As shealpul vialge Jar theynew predominant ¢olysi xel s of non- backgr ound
colour are sinply coded as separate instances of the col our code. Runs of
from4 to 7 pixels are coded as the run code (code 0) a run length code (4 .
to 7 20 indi ated by rEsped methbd msrclaimediasCiain0l,t whédin yursshdf bhe aratvear
code (cccc). In sinmlar nner to the S + codes oﬁ t|he cg}g(.;res 4 and 5
schemes, a run of RIKgRcoh,Ehe Predomingnt qolour are respsgtively c P8 P08 P51 T™n
foll F;Ned by a repeaiucciessiveiterdtionsodfothie culslir alué€ fortheCsrddoiriviarit coid\d. ©

pi xel ).

8. A method as claimed in Claim 5, wherein the code sequence for
10 a frame commences with the further code specifying the initial predominant

colour.

8. A method as claimed in Claim 1, in which a subset of the

colours within the image are identified as predominant colours, colours other

15 than predominant colours are assigned respective ones of a first range of
colour value codes of a first length, the predominant colours are assigned
respective ones of a second range of colour value codes of a second fength
shorter than the first length, and a run of at least two pixels of one of the
predominant colours is encoded as a first code word indicating a predominant

20 colour run and a second code word indicating in separate sub-codes the run

length and colour value code respectively.

10. A method as claimed in Claim 1 wherein the second code word
precedes the first code word in the code for a run.
25
11. Videoimage encoding apparatus arranged to encods pixel colour
values for a digital video image frame by assigning to each different colour
within the image a respective colour valus, wherein a predominant colour is
identified for the image frame, the apparatus including means operabie to
30 identify runs of at least two successive pixels of the predominant colour and
encode each such run as a first code word indicating a run and a second

L



As the coded pixel values will generally be sent or stored as bl ocks of 25

val ues, a further code is provided (0000 0000) to indicate the end of a

bl ock. Determnation as to the start of a code wll be handled at system

| evel , such that the appearance of two consecutive nibbles of 0000 after
the start ossgigde (as in the code for a run of 25 backg?ﬂﬁggmak els) will

. not be taE@% as ?ndicating the end of a block. 30 : n a Stlf further

alternative enbodinent, the benefits arising fromselection of a

predom nant or background col our nmay be exfended to all ow WO 96/ 25010

PCT/ 1 B96/ 00062 10 for a subset of predom nant colours to be specified: in

this way the repeated use of the CHANGE BACKGROUND code of the schene of

Figure 5 may b &V&b%ﬂgnc% ShE il | lehg t, YhdGhe ﬁ?&?gﬁlgh&% HH’\QH xels

benefit where Tonger codes a e used, or exarrp it sc ere 256
col our codes ahavifig colours other tharitheipredorhinantesiourand encots thase agcodasn| vy

Ve 57 bot e gy afibade B ebBLAR cbiddPlugh!) values. In LT vay

runs of between

5 12. A video image signal comprising encoded frames of pixel colour
values, wherein runs of two or more successive pixels of a predetermined
predominant colour for the frame are encoded in the form of a first code
word indicating a run and a second code word indicating the run length, and
pixels of colours other than the predetermined colour are encoded in the form

10 of a code containing at least the respective colour value..

13. A storage medium carrying a video image signal as claimed in
Claim 12, together with initialisation data including specification of the éaid
.predetérﬁlined predominant colour.
15
14. Video image display apparatus arranged to receive and decode
the signal of Claim 12, said apparatus including at least one look-up table of
pixel colours, including the predominaht colour, for the digital video image
frames addressed by the encoded pixel colour values, and means operable to
20 generate for display runs of at least two successive pixels of the predominant
colour as well as individually generated pixels having colours other than the
predominant colour.

-

(L



9-pixels may bhe coded in two 8-bit words as 0000 0000 OLLL _cccc where the
first word indicates a run of one of the predom nant colours, the 10 first
hal f of the second word specifies the run length (0001 to 0111) and the
second halwo®kndoie second word conprises the 4-bit col our peresdendosz Wi | | be
noted that the first bit of the second word is O in this arrangenent: thi-s
all ows other coding possibilities including a full range of colours
(indicated by using 1 at the start of ﬂg[flmord). 15 As will be
appreci ated, whilst the benefits are gréatér for hi gher nunber bit schenes,
t he above techni que of subsets could be applied to a 4-bit schene, although
the range of available run |l engths or col our codes would be greatly
restricted. Turning now to apparatus for applying the above descri bed
schenes, 20 encoding will generally be carried out. by a suitably
progranned m croprocessor performng the functions of identification of the
predom nant col our, assignnment of col our codes to pixels, and detecting
si ngl e i nstances and runs of the predom nant col our. Dedicated hardware nmay
instead be provided hut the flexibility of a reprogrammable systemis
preferred. 25 @qmsi@Ieri ng in detail the ir&l enmentation of the schene
[ ]

of Figure 4, the
N —
byte 1
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\ > —— FIG.2

byte 1 byte 2

COLOUR CODES —»
12,3408, 454545, 23, 204.204.204.204,
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c0de—deLeeLe#——i&m—use—#n_a decoder—apparatus,_nay suitably be formed in

har dwar e and have an arrangenent as shown in Figure 8, where control ler 20
controls the output nibble value (the col our code for each particul ar

pi xel ) as WeoI96/28880 an out put cl ock signal, which clocks theemmosiostér val ues.
The so controller requests input of a nibble on line 22 by sending a -
trigger signal on line 24. This input nibble is supplied to the first input
of a nmultiplexer 26 as well as to e25’1qf t hree conparator stages 28, 30
and 32, the outputs of which are supplf t'o the controller 20. The three
conparators 28, 30,32 respectively conpare the input nibble with codes 0000,
0001 and 0010: if the output fromconparator 28 is positive, that is to say
the input nibble is 5 code 0000, then the start of a run is indicated, in
whi ch case the controller sends a signal on select line 34 to the

mul tiplexer 26 causing it to select, rather than the input nibble val ue,

the colour code for the predom nant (background) colour stored in register

be 10

36. Havi ng detern1ned that arunis connen0|ng,

cal l ed for (prerttrremfddmprrt—izt—t-l0mg b i
32 NIBBLE 1 NIBBLE 2 NIBBLE 3 | NIBBLE 4 RUN
LENGTH
SINGLE 0001 - - - 1 PIXEL
SINGLE + 0001 0001 - - 2 PIXELS ||
0000 0011 - - 3 PIXELS
SHORT 0000 T0
0000 1111 - - 15 PIXELS
SHORT + 0000 1111 0001 - 16 PIXELS
0000 0000 0001 - 17 PIXELS
MEDIUM 0000 0000 TO
. 0000 0000 1111 - 31 PIXELS
0000 0001 0000 - 32 PIXELS
LONG 0000 0001 TO
0000 0001 1111 - 47 PIXELS
0000 .0010 0000 0000 48 PIXELS
LONGER 0060 0010 - TO 303
0000 0010 1111 1111 PIXELS
T R S

the next nibble wll

FIG. 4

30 or



are positive this will indicate-the run iswihin the-ranges—identified as
MEDI UM LONG or LONCGER respectively as identified in Figure 4. |If the

out put of none of the conparators is positive, then the run is in the SHORT
range, tw094250100 say between three and fifteen pixels REEBINOSH Lt nibbl e
15 value is actually the duration of the run. This nibble value is ’
clocked into an 8-bit counter 38 as the | east significant nibble under
control of a clock signal on line 40 Ry the controller 20. As the counter
38 counts down the val ue represented t he ni bbl e, the output clock signal
on line 42 cl ocks the background col our value fromregi ster 36 on the
output line 44 until such 20 tine as the nibble value has been counted
out, when a zero ¢ detect slgnal frontthe counter |s passed to the controIIer

via line 4
ni bbl e pr oo 2, t he
fol |l ow ng ;) ) ¢ _418 as
the 25 |ed gnlflca utput fro} _
conpar at or A 30) a Vo ni_bbl es will bet 1r§|g¢|_| nt p t he
counter as espeé%ively si gni filcant nlbﬂles I'n the case
of a positile—eutp A o ‘ ber-e—-we—R-Bhbt-estare—etoetpd I nto
the 8-bit that is to he case dgf a LCNGﬁR run thej nost
si gni fi cantf SINGLE + 0001 0001 - - 2 PIXELS
0000 0100 - - 3 PIXELS
SHORT 0000 vess TO
0000 | 1111 . - |1apixeLs |
|| sHORT + 0000 1111 0001 - 15 PIXELS
0000 0000 0001 - 16 PIXELS
MEDIUM 0000 0000 TO
0000 0000 1111 - 30 PIXELS
0000 0001 0000 - 31 PIXELS
LONG 0000 0001 TO
0000 0001 1111 - 48 PIXELS
0000 0010 0000 0000 47 PIXELS |
LONGER 0000 0010 TO 302
0000 0010 1111 1111 PIXELS
CHANGE 0000 -0011 ccee - -
BACKGROUND

ccec = 0010 to 1111

FIG.S



30 nibble is clocked-into the counter under—_cantrol of a_further clock

line 48 fromthe controller.
RCT/ 1 B96/ 00062 12 The operations of the controller 20 of Figure 8 in

det er mi ni rgowdreseieer t he i nput code describes a run,

is, wll

out put of the

WO 96/ 25010

AL

not ,

rators i s checked,
t he code accordingly

and i PCHIBIGN0062 | Ong it
now be described with reference to the flow charts of Figures 9 to
13. Froma start point A (Figure 9) a newinput nibble is triggered at 71

foll owi ng which the 5
to see whether the nibble is code 000

at step 72,

represents the col our code (col our other than background) for a pixel

at step 73,
val ue.

At step 74,

the multipl exer
one cl ock signal

26 (Figure 8)

foll owi ng which the procedure return

I nput ni bbl e.
I ndi cat ed whi
processi ng of

_at_step 72,

t he

i

t 10

Is set to output the input nibble
for this nibble value is al so out put
point A for the next

PCESSENT gerie OW il C
BL NIBBLE BBLE RUN
1 2 3 4 5 LENGTH
SINGLE 0000 1M1 - - - 1 Pixel
SINGLE+ 0000 1110 - - - 2 Pixels
0000 | 0001 . - - 3 Pixels |
SHORT 0000 to
0000 0111 - - - 9 Pixels
0000 j 1100 0001 0000 - 10 Pixels
MEDIUM 0000 1100 0000 - to
0000 1100 1111 0000 - 24 Pixels
0000 1101 0000 0000 0000 25 Pixels
LONG 0000 1101 s 0000 to
0000 1101 1111 1111 0000 280 Pixels
END OF 0000 | 0000 - - - -
BLOCK
&~ —

FIG. 6



at step 81, with the triggering of_the next 4nput_nibbl
by setting the multiplexer 26 (Figure 8) to output col our code 0000 from
register 15 36. Following this, the new input nibble is checked at steps
83, 84 angwgdeakgrosee whet her it corresponds to one of th@®CEIB0E062 codes
fromFigure 4 representing a MEDIUM LONG or LONGER run as identified in
that Figure. If the answer is "No" to all of these checks, then the run is
in the range of three to fifteen pixeﬂ:igqng t he ni bbl e val ue, | oaded into
the 8-bit counter, sets 20 the value cl ocked. The repeated
outputting of clock signals for the col our code 0000 is handl ed by | oop
stages 87, 88 and 89 which repeatedly decrenent the clock value and check
for zero whilst outputting the clock signal until such time as the counter
reaches zero at which point the pro to start A (Flgure 9) for
I 1Q

the next inp 85
of Figure 10 NHBR{ P |t ;
speci fi ed. ouf puty ron1s age \ d second
ni bbl e val uejH-s—0880)A—the—Fufp—ts—h-f-Re—rang <% f i
handl ed as shown in Fijgure 1 fL. Initifally, t hejval ue 00pO from
regi ster 36 § SINGDEked ocdccl6] tines, |f ol ow hg 30 Whi ch a neMPmapw
nibble is trjggered at|] step. 9 which |nibble §s clockjed i ntof{the 8 bi
counter at sfep 93. TS Teasf signinicant nfopre vay ae 1n 3
SINGLE+ cece ccee - - - 2 Pixels
|| SINGLE++ | cccc cece ccee - - 3 Pixels
0000 1000 cecee - - 4 Pixels
SHORT 0000 ccee - - to
0000 1011 ccee - - 7 Pixels
SHORT+ 0000 1011 ccee ccee - 8 Pixels
0000 1100 0000 ccee - 9 Pixels
MEDIUM 0000 1100 ccee - to
0000 1100 1111 ccee - 24 Pixels
0000 1101 0000 0000 ceee 25 Pixels
LONG 0000 1101 ccee to
0000 1101 1111 1111 ccee 280
. Pixels
END OF 0000 0000 - - - -
BLOCK
S e ey ]

cece = 0001 to 1111
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then cl ocked out by countdown/zero detect |oop (steps 94, 95 and 96) until
t.he counter reaches zero, at which point the process returns to start A
(Figure 9WwOM250Me next input nibble. Were the nibble 2 RAIBIMHB62]et ect ed
as 0001, at step 84 of Figure 10, 5 the run is between 32 and 47 pixels
whi ch is handled as shown in Figure 12. The handling of the LONG run in
Figure 12 is substantially identical 19 qqat for the MEDI UM run of Figure
11, save in that the col our code 0000 'i/s 'cl ocked out 32 tinmes at stage 101
prior to triggering and clocking into the counter of the next nibble val ue
at steps 102 and 103. Again, the 10 count down | oop of steps 104, 105 and
106 causes out put of the additional clock val ues beyond 32 form ng the
total run length. Were the output of step 85 of Figure 10 is positive,
that is to say the run is LONGER of |ength between 48 and 303 pixels, the
run i s handl ed as shown in Fig q*13.||1$r§§ case, the process starts by
o

cl ocki ng out the (o @]
=2 x .
g <
g 8 o
&

g
a—
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= | . %
S ;
e}
=
=
e S
w
» iy &~ =o3¢ |je—
2 28
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15 value-0000 48 -tines at-—step 1li—foll owinrg—whi-ch t he—hrext—Aput—ni-bbl e
is triggered at step 112. Since, for a LONGER run, the run |length beyond 48
Jpixels is specified as an 8-bit code, the nibble triggered at step 112

r epr esentWoP2S0M0st significant half of the 8-bit code el ked into
the 8-bit counter as such under control of a signal fromthe controller on
line 48 20 (Figure 8). Following this the next nibble is triggered at
step 114 which nibble, conprising the?VéE t significant half of the 8-bit
code is clocked in as the |east signi t nibble into 8-bit counter 38.
Finally, the countdown |oop fornmed by steps 1 16, 117 and 118 counts down
the 8-bit value represented in the counter until this reaches zero at which
poi nt the process returns to 25 start A of Figure 9. Wilst not shown in
Figure 8, it will be appreciated that, where a change of background is
permtted (as with the table of Figur the contents of register 36 may
be nodified under control of the contro A l'er 20 to contain the newy

sel ect ed background col our val ue ratherfthan 0000. In 30 addition, the
nunber of tinmes this value is initiallyjclocked out for a run, at steps 91,

101 and 111 of Figures 11, pectively, wll be 15, 31
72
W0 D8 (e.10)
?
N
SET MUX 0]
INPUT NIBBLE
ouTPUT
cock | 74

FIG. 9
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47 rather than 16, 32 and 48 as previously described. In order to effect
t.he coding schene of Figures 6 and 7, the nodifications to the apparatus of
Fi gure 8 wwdsksoigeneral |y apparent to the skilled reader PemaBsdo#sZnot be
di scussed in detail. It wll be understood that 5 t he conparison stages-
28,30,32 will need to be configured to check for the particul ar code words
used, and that register 36 will have pr qsLon for receiving, storing and
out putting (undercontrol of controller )' tol our val ues other than the
background col our value during runs of tH non-background colours. Simlar
considerations apply to the enbodi nent suoportlng subsets 10 of

predom nant col ours. From readi ng tL di scl osure, other

nodi fications will be apparent to Bfthe art. Such

nodi fications may involve other feg jre already known in the
field of video signal encoding systens and deV|ces and conponent parts

t hereof and which may be used 15 8 in addition to features

al ready described herein. Althoug SE[dlUXsTQIeREO beeB2fornulated in this
application to particul ar conbi nat ke#

¢ (FG.11)

D (FIG.12)

CLOCK LS. NIBBLE}——86

AL

OUTPUT CLOCK —~—§7

!

4 DECREMENT |~

FIG. 10

A (FG.9)



f.eatures, it should be understood that the scope of the disclosure of the
present invention also includes any novel feature or any novel conbination
of features disclosed herein either explicitly or inplicitly or any

gener al i soio 9¢/25040 t hereof, whether or not it rel ates t octimssvoose
invention as presently clainmed in any claimand whether or not it mtigates
any or all of the sane technical problens as does the present invention.
The applicants hereby give notice tha&bg?g claims may be formulated to such
features and/ or combinations of featu uring the prosecution of the
present application or of any further 25 application derived therefrom
WD 96/ 25010 PCT/ | B96/ 00062 15
CLAI M5 1. A met hod of encodi ng pi xel colour values for a digital video
imge franme in which each different colour within the inage is assigned a 5
col our val ue, wherein a predom nant colour is identified for the inmage
frame, and runs of at |east two successive pixels of the predom nant col our
are

C

!

16 OUTPUT CLOCKS }—91

v

TRIGGER NEXT  |—92

!

CLOCK LS. NIBBLE |—93

94

Y A (FIGS)

N

L OUTPUT CLOCK |—95

]

DECREMENT ——96

FIG. 11



enceded—as—a—+st—eode-word i-Adi catdhg—a r Uh—ahd—a—second—code—word

i ndicating the run | ength, and wherein pixels having col ours other than the
predom nant col our are encoded as codes contai ning at |east the respective
10 col owo%asaies. 2. A nmethod as claimed in daim 1, PGREBSONSEach pi xel
having a col our other than the predom nant colour is separately coded as”
its respective colour value only. 15 3. A nethod as clainmed in Caiml,
wherein runs of two or nore successi VH)fifkl s of a colour other than the
predom nant col our are encoded togetherfas a first code word indicating a
run, a second code word indicating the run length and a third code word

i ndi cating the colour value. 20 4. A nethod as clainmed in Caiml,
wherein the first code word includes a sub-code indicating one of a nunber
of ranges of run lengths and the second code word indicates a run length
fromw thin the range indicated. 25 5. A nmethod as clainmed in any
of Clains 1 to 4, in which a further code is provided including
specification of a col our value, wherein subsequent to the placing of the
further code in a stream of pixel col our

D

|

32 OUTPUT CLOCKS {—101

)

TRIGGER NEXT 102

!

CLOCK LS. NiBBLE |—103

104

Y

ZERO ? A (FG.9)

N

4 OUTPUT CLOCK }—105

3

DECREMENT _—106

FIG. 12



codes——t—he—pf-eel-e-m—nam col-etr—speci Hed—for eneetet uns—-s—changed—to—the

col our specified in the further code. 30 6. A nethod as clainmed in C aim
5, wherein the further code W) 96/ 25010

*PCT/ | B96/WO®625016 conprises a first code word indi cati ngPETARIFO0EY o
sub-code indicating a change of predoni nant col our, and a second code word
conprising the colour value for the ne redonlnant colour. 5 7. A
nmet hod as clainmed in Caima1l, mherelnLLzﬁF of one or two pixels of the
predom nant col our are respectively ¢ s one or two successive

iterations of the col our value for the predom nant col our. 8. A net hod as
clainmed in daimb5, wherein the code seguence for 10 a franme commences
with the further code specifying the in&tial predom nant col our. 9. A

nmethod as clained in Caim1l, in which isubset of the
48 OUTPUT CLOCKS 111

ks

TRIGGER NEXT  |—112

3

CLOCK M.S. NIBBLE {—113

!

TRIGGER NEXT  |—114

)

CLOCK LS. NIBBLE 115

' OUTPUT CLOCK  |—117

DECREMENT  |—118

FIG. 13



colours within the inage are identified asiﬁﬁéhﬁﬁﬁf
othér 15 than predom nant col our's are assijgped respective
range of col our value codes of a first |ength, é?eiﬂﬁq '
assi gned respective ones of a second rangejo

second length shorter than the first Iengi ,
pi xel s of one of the predom nant col ours

i ndi cating a predom nant 20 col our run and a second code word indicating

rfait] SHER

ol our val ue

encoded as a firpgt code word

in separate el @sdeseacte of threeggmpaiatercirgas 3t BRcand 2. rtbspeutriie of

10. A net hod
the first co

frame by assi

col our val ue
frane, the a
| east twd su

ol ai \ ; ot h
$Esf e ToRA AR SoRUBIE, 20, ¢ Tyl SHRF gERIMRRIELS SH.3ETRE
appar at us ar rasgestively eoegsie thd hp@ohidble withu€sddéL00007000aand 0090: i ifege
to each different colour within the inmage a respective

nin
,tg Buh from comparatait 28 it pasitive, thrinisitoi sy ther inpyéd nibklgds

edom nant caél our

BBRE 00001 el Bl kPR B35 Mot 70 whER LabENnE R P

essive prxe

run as a firsendodesigiall onnskieet limg 34 to!tha&Muitiphd@P B causing it to select,

10

15

20

25

30

rather than the input nibble value, the colour code for the predominant
{background) colour stored in register 386.

Having determined that a run is commencing, the next nibble will be
called for (via line 24) and, if the outputs of any of comparators 28,30 or 32
are positive, this will indicate the run is within the ranges identified as
MEDIUM, LONG, or LONGER respectively as identified in Figure 4. If the
output of none of the comparators is positive, then the run is in the SHORT
range, that is to say_between three and fifteen pixels and the input nibble
value is actually the duration of the run. This nibble value is clocked into an
8-bit counter 38 as the least significant nibble under control of a clock signal
on line 40 from the controller 20. As the counter 38 counts down the value
represented by the nibble, the output clock signal on line 42 clocks the
background colour value from register 36 on the output line 44 until such
time as the nibble value has been counted out, when a zero detect signal
from the counter is passed to the controller via line 46.

. In the case where a run has been detected and the second nibble
produces a positive output from one of comparators 28, 30 or 32, the
following nibble {once called for) will be clocked into the counter 38 as the
least significant nibble (in the case of positive output from comparators 28
or 30} and the following two nibbles will be read into the counter as
respectively the most and least significant nibbles in the case of a positive
output from comparator 32. Where two nibbles are clocked into the 8-bit
counter 38, that is to say in the case of a LONGER run the most significant
nibble is clocked into the counter under control of a further clock line 48 from

the controller.
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code word indicating the run | ength, and neans operable to determ ne pixels
having colours other than the predoninant colour and encode e as codes
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(54) Title: VIDEO IMAGE COLOUR ENCODING

{57) Abstract
A method is described of encoding pixel - Ui
colour values for  digital video image frame in CODE NIBELE 1 | NIBBLE 2 | N\BBLE 3 | NIBBLE 4 LE?AG'%H
which each different colour within the image is
assigned a colour valve, A predominant colour
is identified for the image frame and, in a first SINGLE 0001 - - * 1 PIXEL
embodiment, each pixel having a colour other
than the predominant colour is separately coded
as its respective colour value (0010 to 1111), SINGLE + 0001 0004 - - 2 PIXELS
with runs of three or more successive pixels of
the predominant colour being run-length encoded. 0000 o100 - - 3 PIXELS
A further code {0000 0011 cccc). similar in SHORT 0000 - TO
arrangement 1o that indicating a run, is provided 0000 1111 - - 14 PIXELS
to allow a change in the specified predominant
colour during the course of a frame. In a further ' * ') - 15 PIXELS
embodiment, runs of all colours are run-length SHORT 0000 ak 900 ¢
encoded but with a shorter coding scheme for
runs of the predominant colour or, in a sill MEDIUM gggg w 0001 - ;gPIXELs
further embodiment, a small range of predominant 0000 0000 111 - 30 PIXELS
colours. A principle use for these coding schemes
is to improve efficiency of coding for certain LONG w ::"?’ ,0000 - %HXELS
classcs of imago matorial oooo | ooof | <11y - |serxers
0000 0010 0000 0000 | 47 PIXELS
LONGER 0000 0010 TO 302
0000 0010 1141 1111 | PIXELS
CHANGE 0000 0041 ceee - -
BACKGROUND

ccoe = 0010 to 1111




frames addressed by the—ereeded pi xel col our—vatues, ane—+aeans operable to
20 generate for display runs of at |east two successive pixels of the
predom nant col our as well as individually generated pixels having col ours
ot her than the predom nant col our.
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