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22080569 -1- VI DEO COVPRESSI ON ALGORI THM BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention. This invention relates to the field of video
conpression algorithns and, nore specifically, to the field of conpregglon
al gorithns for bit-nmpped graphJc di spl ays. 2. Prior Art. Nunerous

met hods are known for conpression of data in conputer syst??@&ng#
conpression of data for video displays or bit-mapped graph 4357
However, each of these nethods suffers fromone or nore of severa
disédvantages. A nmethod is desired which_allows data to be stored in a
conpacted formafter it is received froma bit- mapped graphics display or
ot-her simlar device. The daVEDESHhCOMPRESSIGN ALGORITHMa nmanner whi ch enabl es
it to be decoded with a m ni mum of resources Belng used in the decodi ng
process. In addition, the dias! ] ‘s LION conpact of form as
possi bl e. -2- SUWARY OF THE INVENTICN A met hod of conpressing video

i nformation froma bit- napped graphlcs display or simlar device is

di scl osed. The,nmeth r.edu nunber of bits which nust be physically
stored in ordef*to %qﬁgép gﬁﬁﬁﬁbi % e nain steps of

This invention relates to the field of video compression

algorithms and, more specifically, to the field of
compression algorithms for bit-mapped graphic displays.

2. Prior Art.
Numerous methods are known for compression of data in
computer systems and for compression of data for video
displays or'bit-mapped graphic displays. However, each of
these methods suffers from one or more of several

disadvantages. A method is desired which allows data to be

stored in a compacted form after it i# received from a bit-

mapped graphics display or other similar device. The data

.should be stored in a manner which enaﬁles it to be decoded

with a minimum of resources being used in the decoding . _ (ﬁ
process. In addition, the data should be stored in as

compact of form as possible.




t'he algorithmare enriching a bit-map of the video inmage in zeros and-
encodi ng the enriched image into runs of zeros and data bytes. The
gnrichi-ng of the video inmage in zeros is done by performng an auto
correlation (shifting and-Exclusive ORLrg)l for horizontal and vertical
lines. The nunmber of zeros resulting fromeach correlation is counted until
it is deternined- which conbination produces the richest zeros. The bit-nmap
of zero enriched lines is theRRRMRRIEOE THECINVENTIEON 7er os and data bytes.
Speci al- cases, such as a row being all zeros or a row being all ones, are
recogni zed and assi gned a special code. In addition, special codes are

assigned in the Saﬁgtﬁédzﬂ%"%ggg%% t‘;}gj %O‘i’nkm 'féneléﬁoﬂr 535#9 it or

the row two rows prior to | es are al SO assi gne 0 indicate

that a codemappe@pgeisiics @i8peay Obr 14183 arCHECIce!SIES difscibsedal mpdes will
be seen in the detailed description of the present invention. A nethod of

reconst r uct meghotereduges thedndmber icf dits dhich mmest béhphysbtably r eads t he
encoded data and recreates the unconpressed data. Various nethods are

i ncl uded foStoredsin oxgdan o, shgre R wisesdiBageni sTher Jadossters R ng the
use of a_ tal%hg ngogﬁch%ilar{% %ﬁ%éﬁi‘nge %C%Cl%gm‘a’%‘té‘f the video image in

zeros and encoding the enriched image into runs of zeros and

 data bytes.

The enriching of the video image in zeros is done by
performing an auto correlation (shifting and Exclusive ORing)
for horizontal ahd vertical lines. The number of zeros
resulting from each cofrelation is counted until it is

determined which combination produces the richest zeros.

The'bit-map of zero enriched lines is then_encoded into
runs of zeros and data'bytes. Speciél cases, such as a row
being all zeros or a row being all ones,'are recognized and
aésignéd a special code. In addition, special codes are

&~j_ assigned in the case of zero matching the iow immediately_
prior to it or the row two rows prior to it. Special codes
are also assigned to indicafé that a code is repeated a  .
number of times. Other uses of special codes will be seen in

the detailed description of the present invention.

A method of reconstructing the compressed data is also
disclosed. This method reads the encoded data and recreates

the uncompressed data. Various methods are included for



-4- BRIEF DESCRI PTION OF THE DRAW NGS Figure 1 is a flow chart descri bing
steps involved in encoding video data as may be utilized by the present
iavention. Figure 2(a) illustrates a display device with a bl ackened square

in the center as may be conpressed by the present invention.. Figure 2(bj
illustrates the blackened square displ&y after a first step of .the '

T st at SR (R e, 2hen SHORY F dRb fragest  GliatnoFe oiah o Komr bsbi on

as may beg ACLORY %Q%Gdiex%t%@: £ i@,sggaoag%e&%titaon. Figure 3 illustrates an

address space of operatio odes as may be ITized by the present
invention. Figure 4(a) illustrates rows of data as nmay be conpressed by the
present invention. Figure 4(b) illustrates a step of Exclusive ORing to
rows of data as may be acconplished by the present invention during
conpressi on of the data. - 5 - Figure 4(c) illustrates rows of data and
associ at ed conpression codes -as may be utilized by the present.invention.

»

'y



Figure'5 is a flowchart illustrating prelimnary tests to be perforned on
rows of data during encoding as may be acconplished by the present
knventjon. Figure 6 is a flow chart illustrating a nmethod of determ ning an
optinukfgero enriched .method as may be utilized by the present invention.
Figure 7 is a flow chart illustratinﬁ‘%fhethod of reconstructing video data
from conpressed data as BBEEEL®ESCRIPTEON OF tHE DREWENGS | nvention. Figure 8
is a flowchart illustrating a method of processing a beginning of row
operation code as may be utilized by the present invention. Figure 9 is a
flow chart i llustragin rocess of decodi ng rows encoded by shifting and
Excl usi ve ORFRE®a #ﬁafgté°§t Fﬁ?ﬁ%ogwrtiﬁfgngr tert inypdvedodn - 6-

DETAI LED I t h onpressi ng and
reconstr uctglﬁﬁgg%/il‘?%—e‘(;)hk at éi-ng'g ggscr bedWﬁq}% lﬁ{)l (?w?’%ﬁgéggcri ption,

nuner ous spavehtionigtails are set forth such as operation codes, specific
steps, etc., in order to provide a thorough understanding of the present

invention: It will be obviouS, however, to one skilled in the art that the
present inyvention may he practiced without these specific details. In other

i nst ances,'r BFe 4 Ak ddustrates %rﬂ%&ﬂnﬁaﬂ&e bR Aoblaekenedown in
detail in QﬁﬂgEenfﬁ gﬁﬁ %QB%8§S§§IﬁAQ/S%bégﬂﬁgeéggh by the present

invention.

2 Figure 2(b) illustrates the blackened square display after a
first step of the compression as may be accomplished by the

present invention.

Figure 2(c) illustrates the blackened square display after a
second step of compression as may be accomplished by the

present invention.

Figure 3 illustrates an address space of operation'codes as

may be utilized by the present invention.

Figure 4(a) illustrates rows of data as may be compressed by
the present invention. | |

Figure 4(b) illustrates a step of ExclusiveIORing to rows of
‘data as may be accomplished by the present invention during

compression of the data.



present invention. The present invention conprises a nethod of conpressing
video information, typically froma bit-mapped display or simlar device
and a nethod of reconstructing the conpressed video information to allow
redi splay of the data. The invention-iss-based on the observation that 3¢
typical bit- mapped video i mage conprises a majority of either "white"

areas or :eerqs‘c'?f 1?%5&ﬁﬁe%u§8b¥ gfn%]q__ggr %tﬁrég?ﬁ%a%? te and dark areas

on a bit- ped video display IS rare. sent invention

takes adwinpiess2bnt 8686s s MayabeOdti Pizdd/ 'y RheCPrbsdnt’'d a bit-map of a
vi-deo image in zeros by performng an auto correlation of vertical and -
hori zont dinvemtdon. The enrichment- in-zeros is due to theée |arge anount of
"white space” on the screen before the enrichment process and to the
patterns which existed in the video i mage. The present invention attenpts
several differept.corrglations nting the nugber of zeros. produced
-7- by eca%:ir?“c?r ef‘gt{oﬁ@'&ﬁg’%i ?ﬁg‘é?’_t'%ei%ﬁr&ﬁgf‘ﬁﬁ_ r’ﬁ\kﬁ?ﬂ?’pg’&d Bes the
richest redfdrhed of Skdifs olf1Aats! Bubld WitbdlhgPhdymay bdien encoded and
repetitive encoded conbinations are recogni zed and assSigned speci al codes
to furt haiccomplishedtlne i preseat piseentiioniventi on was .di sclosed under the
Patent and Trademark Office's docunment disclosure programon August 7, 1986
t hrough subm ssi on of'conputéf”progran1code and a - 7 ¢ A - '

Figure 6 is a flow chart illustrating a method of determining

o !
an optimum zero enriched method as may be utilized by the

present invention. - - S o W/

Figure 7 is a flow chart illustrating a method of
recénstructing video data from compressed data as may be

utilized by the present invention.

. Figure 8 is a flow chart illustrating a method of processing =
a béginning of row operation code as may be utilized by the

present invention.

Figure 9 is a flow chart'illustréting a process of decoding | o’
rows encoded by shifting and Exclusive ORing as may be
utilized by the present invention.

R



stat eneént describing the invention. The disclosure is incorporated here by
reference. Referring nowto Figure 1, a nethod for conpressing data
wtilized by the preferred of the present invention is disclosed. The method
first é’forns several, prelimnary testsg, _block 1, on each row input. These
tests mnll be described in nmore detail in COﬂJUﬂCtIOﬂ mnth Figure 5. The

tests include teSt'ﬂﬁiﬂfLEﬁcﬁE§F§h' all ones, etc.
I f any of the preli'mnary

[ ' *a code is
stored and the next row is accepted as |nput | f none of the prelimnary
conditions are satisfied, branch 3, several nethods are tried to zero

enrich the dat61Atmenﬂod4ofThbmpn@§§inbeaﬂﬂSﬁé&ﬁﬁiirh&tmﬁgevihﬁdﬂdathnis
connection with Figure 6. Next, the zero enriched row is encoded, block 5.

Atest is t%ﬂ&?@-tolaetm rﬁQiéqmnahéemmdooat numereus @pecdface t han
t he unpacke ornatlon - .t doesn't anch 7, the unpacked information
is stored, S arp; set t%%g’, nef @eq R, £RERS| ¥ n is stored,

bl ock 10. éé;p@e&crowimmd@éza B%W&%bgg uresg(g.gé@{qc;.g.t pL@V s

t hen subjecte t‘o t he'sane process es an

exanpl e of tié Pprefsent ithvemeic.or @d wsingpd rwvﬂbesenhowémnt It@“onét wll be
obvious to one skilled in the art that the present invention is capable of

handl i ng an§kikked dnsphayw: dgthag bhe Pepyant dnaehtden dhaylke with varying

degr ees of effectlven
9 practiced w thout é%ese s eéific details. In other

‘instances, well known structures and techniques have not been
\,( shown in detail in order not to unnecessarily obscure the

present invention. )

The present invention comprises a method of compressing
video information, typically from a bit-mapped display or
similar device and a method of reconstructing the compressed
video.information to allow redisplay of the data. The
‘invention is based on the observation that a typical bit-
mapped video image comprises a majority of either "white”
ar;as_or patterns of data. A purely random pattern of white -

N and dark areas on a bit-mapped video display is rare.

Therefore, the present invention takes advantage of
these observations by further enriching a bit-map of a video
image in zeros by performing an auto correlation of vertical

“and horizontal lines. The enrichment in zeros is due to the
large amount of "white space" on the screen before the
~  enrichment process and to the pétterns which existed,in the
video image. -The present invention attempts several

different cérrelations, counting the number of zeros produced



illustrates a black rectangle 21 being displayed on a video display. One

met hod of conpressing the data on Figure 2(a) is to Exclusively OR each row
wi-th the row above it. The result is shown by Figure 2(b). Using an
Excl usive OR process on each row of data on the display yields two |i =
line 23 and line 24. Line 23 is in the same row as the tgp of the rect@ngle
21 of Figure 2(a). Line 24 is one.row bel ow.the bottom of the rectangl e 21.
Fi gure 23&) qagh, serEetation . %Pﬂiéiz%lw sograianiommhiel ve OR process

h
s b cunpeaddies, Ere Ploncse T ?tﬁ%'b%ﬁsm § bofa Siritlad o baon S
verti cal 4 S aY 48 {hén Véiddded ghaneeﬁr el %anodeJhonﬁt?ﬁ-H &dg four -
e 206 an

pi xel s left "bl &ck 26, 27, 28 an the pi xel s are the

| eft noDStays xdcsgnizédseaﬁd)vasaanaadsaéciaﬂ h!bdétsheb filbc e domprésand 28,
are in the vertical line adjacent to the right nost pixels of lines 23 and
24. Theseth® glatds, 2(a), 2(b) and 2(c) are illustrative of the nethod used
by the present invention .for zero enriching bit-mpped data. However, it
~will be seen that the preferred enbodinent utilizes several varlatlons on
this nethod tg a f

The preferred e%ﬁgggﬁéﬁ% g@n?ﬁﬁﬂhrgggﬁ§ﬁ%%§%%#f§ﬁhﬁglF%gggﬂgﬁgéfngf 1- byte

(8-bit) chfiktema®k OPPPEESS Imﬁnbﬁtddieclos'ﬂtQS@rQQdeﬁ o Adgusthar,
illustrated in connection with
1986 through submission of computer program code and a

H 5

statement describing the invention. The disclosure is

incorporated here by reference. S S _ \-)

Referring now to Figﬁre 1, a method for compres;inq data .
utilited'by the preferred of the present invention is
disclosed. The method first performs several preliminary
tests, block 1, on each row input. Tﬁese tests will be
descfibed”in more detail in conjunction with Figure 5. - The
tests include testing if ; row is all zeros or if the row is.
all ones, etc. If any of the preliminary conditions are
satisfiéd, branch 2, a code is stored and the next row is
accepted as"input; " If none of the preliminary conditions are o/
satisfied, branch 3, several methods are tried to zero enrich
the data, block 4. This will be discussed in more detail in
cdnﬁéttion'with Figure 6;-'Nekt, the zero enriched row is-
encoded, block 5. A test is then done to determine if the .
'packed data uses less space than the unpacked information. . -
If it doesn't, branch 7, the unpacked information is stored,
block 9. If it doés,'branch 8, the packed 1nformat$on is
stored, block 10, The'ﬁéxt-row.of data from the bit-mapped -

graphics display is then subjegted to the same process.



Figure 3. The codes can be broken down into five major types, normal runs
31, m scellaneous codes 32, repeat codes 33, big data 34, and bigzero 35.
The nor &l run codes 31 utilize hexadeci mal val ues 00-7F. The format of a
norna\\Lyh code in the preferred enbodi nent of the present invention is
(Qdddzzzz, where ddd is.a count of data bytes which follow this code byte
and zzzz is a count of zeros between & #rd 15. For exanple, a string of
data consisting of eight zeros followed by 2 bytes of data, one being

represented by hexaderish [T10ke AldesbCkxdfithd Ik 3560 UNIH HRPEAO

represented by eing gray nay enco hexa eC|na

Thus, four Syéred afsitgt ehBapredwran 1008RE £S5 L0 10wl eBe Dativesoud tdat a. A
nunber of m scel | aneous codes are utilized by the present invention for

storing i nfoneeskiddesbdnt thevartwthat hbecpresenthdnyention ks capabdet i ons

di scussed in_conjunction with Figure 1 and Fiqure 5 and for storing
i nf or mat'i on®f éE§FH1 ARY cfata HPlaved e 3 tspapRath SEARNGH | ched row of

data. The t W I
Ga1 2o B TR alrebleoR ORI Rt R,
10 - 380  4llustrates a blgéiﬂildﬁaﬁgfécﬁiﬂgging displayed on a vidéeALL ZERCS
$82 ROW ALL ONES $83 FI LL DATA

' display. One method of compressing the data on Figure 2}a)

is to Excldsivelyiba each row with the row above it.

- The result is shown by Figure 2(b). Using an Exclusive
OR procesé on each rdﬁ of data on the display yields two
lines; line 23 and line 24. Line 23 is in the same row as
the top of the rectangle 21 of Figure 2(a). Line 24 is one
row'below'the bottom of the rectangle 21.

Figure 2(c) illustrates the result of using a similar
Exclusive OR process on the two lines 23 and 24 from Figure
2(b). Here the Exclusive OR process has occurred on vertical
lines across the displaf, Exclusive ORing each vertical line.

& with the Qértical line to its left. The result is four
pixels left bléck'ZG,'27, 28 and 29. Two of the pixels 26
"and 29 are the left most pixels of the rows 23 and 24. The
other two pixels 27 and 28. are in the vertical line adjacent
to the right most pixels of lines 23 and 24. These Figures,
.Z(a), 2(b) and 2(c) are illustrative of the method used by
the present invention'for zero enriching bit-mapped data.
However, it will be seen that the preferred embodiment
utilizes several variations on this method to optimize both

storage and retrieval of the data.



$84 - FI LL SAVE DATA $85 DUPLI CATE 1 LI NE *

ABOVE $86 DUPLI CATE 2 LINES ABOVE $87

UNUSED $88 - dh, dv =16, 0 $89 dh, dv = 0,0
$8A dh, dv = 0, 1 $8B . dh, dv = 0, R

dh, dv = 1, 0 S8D di, gdy = 1, 1 $8E | ' h,
dv = 2, 2 $8F dh, dv = 8, 0 $90-9F : UNUSED

Hexadeci mal code 80 indicates that data coul d not be packed w thout using
nmore space t Hthe tpreferrgdnembetiimentTbe theaptesbrtatiaveations the code.
Hexadeci mal code 81 indicates the row consisted of all zeros. Hexadeci nmal

code 82 PhitizAeS SRE PEATRNES SBobib) eedes for compagssingitherde 83

i ndi categ_th i.sted of_b dat a whj gh ted. In.thi ,
Lhe codclttT o TRSRBISRHER Sreisuptbes, PL1ETEhrel ARuFERRRRELOMAN & of i a
whi ch repeqlfe 3XX9H8CLIR:s Har B S@Bﬁént&%‘?\\ﬂ r?@.@étﬁ_a%%gsam‘v‘ byte of

dat a t hat S repeated 1 n thée previous row xadecl mal “c -85 i ndicates

this rovtypes, disrmatarensf3laiseellanesistcddesaBryerepeaticcadci ml 86
indicates this rowis a duplicate of the row two Tows above it. 'Hexadeci ma
87 is cudlerhig daga 34edand hig zeref 35s edTherinedimadnruniHeodeeAlal 88

oot o5 By BRbRePELaD: Nnii BHRES AR Fhepifos B bhmal 1
code in the preferred embodiment of the present ;nyentiqn_;s
bdddzzzz, where ddd is a count of data bytés which follow |
this code byte and zz2z is a countﬂof_zgros_begwegqlo and 15. :g‘J
For example, a string of data COn§isting qf_eighﬁ zeros
followed by 2 bytes 6f:data. oné.being.rep:esgntédLby
hexadecimal FF or all black and the'secpndupycg bgiﬁg;_:m
represented by AA or beinéqgraf may bg:en¢o¢éd aS-he;a¢g;imai
28 FFIAA. Thus, four bytés of data havé beeﬁ compressed ts
three bytes of data. '

A number of miscellaneous codes arq‘pgilizeg bg_ﬁﬁg
present invention for storing informatiqn about roﬁs_which__
have met the preliminary.conditions discussed_in Qquﬁnq;iqn_ _ W,
with Figure 1 and Figure 5 and for Storing,#ntq:mati¢n | |
regarding which method:yielded the optimum zero enricpgduéowu_
of data. The preferred embodiment of the present iﬁventipn
utilizes hexadeciﬁal,valueé 80-9F as indicated_bglqé for

-miscellaneous codes.



enfrichéd row. In the preferred enbodi nent, hexadeci mal codes 90 through 9F
are currently not used. Each of these nlscellaneous codes 80 through 9F are
utlllze onIy when anal yzing a row at the beginning of the row Therefore,
t hese gofles are unused when storing data within a row and may be utilized
for fut re expansion within a row. Codes AO through BF indicate the
previous one byte operation code repedfs-zero to thirty-one tinmes. The
format for these codes is 10lnnnn[err]where nnnnn is a val ue between [err]
and [err]. For exanple, if the MISCELDANEOUS @upEswas 81 and a repeat code of
A6 is detected, six white lines will be displayed as a result. Codes CO
t hrough DF i ndi cate a str&ARE of data bytes fBERGRERIIME format of these
codes, in binary, is 111d d, where ddddd |s a count of data bytes which
fol | ow divided by 8. Ford ample, if a stri RQUEP NOT PACK data bytes is to
be represented, a code oCg xadeci mal C2 (16R W8ALL;§ g? stored foll owed by
S

t he sixteen daia byt es. gs EO through FF Eﬁg tring of zeros
exist in the data. The fggyat of this code biL mhere zzzzz is a

count of zeros divided by$§§ For exanpl e, |bupL§¢g¢gu1 NﬁGﬂgéﬁEOS was
found in a row of data a $86le of hexadeci nal DOPLICSFE 2 1ANES[RBOVEOr [err])

is stored. $87 , UNUSED
' $88 .. dh, dv = 16, 0
$89 dh, dv= 0, 0
$8A dh, dv= 0, 1
$8B dh, dv = 0, 2
$8C dh, dv= 1, 0
_ $8D dgh, dv= 1, 1
N - $8E dh, dv= 2, 2
$8F _ dh, dv= 8, O

§90-9F UNUSED

Hexadecimal code 80 indicates that data could not be
packed without using more space than the original AAta._ The
unpacked data follows the code. Hexadecimal code 81
indicates the row consisted of all zeros. Hexadecimal code
82 indicates the row consisted of all ones. Hexadecimal code
83 indicates the row consisted of bytes of data which
repegted. In this case, the code is followed with a.single'

_/ | byte of data indicating the byte of data which repeats.
| Hexadecimal 84 indicates this row repeats the same byte of
data that was repeated in the previous row. Hexadeciﬁal code
85 indicates this row is a duplicate of the row immediately
above it. Hexadecimal B6 indicates this row 1§ a duplicate
" of the row two rows above it. Hexadecimal 87 is currently
not used in the preferred embodiment. Hexadecimal 88 through
8F indicate which of various horizontal deltaé {dh) and

vertical deltas (dv) were utilized to yield the optimum zero



-12- Figures 4(a) through 4(c) are illustrative of this nethod of encoding
data. In Figure 4(a) a set of rows of data as may be conpressed by the
present invention is shown. The data consists of a row of all zeros 41
foll owed by four rows 42 which woul d display as a bl ackened rectangl eXan
anot her row of all zeros 43. The firsjjrow 41 may be represented w th The
code 81 for ro consigégﬂglof all zeros. Row 2 may be shifted 1-bit to
the right ched H8¥ve e PrRieTEed rembpgiment, s'K%’eﬁf" sqimalgGPees (b) . Row
2 44 is ' ' Lol dtself shifted 1-bit to the right,
row 45, 5?%4 g?'%\éﬁggr%éﬁsjuﬁé Q:éﬁr%ﬂ%yr%%{ i"gs%cc);ﬁti mzed in zeros. An operation
code BCis stored by the preferred enbodi nent of the present invention to
indicate a delta of shifting horizontally right 1-bit and vertically O-bits
when per f or mi ngacheoExthese \rd scielpaneess . cddrss 89, throagkl 9 raxe be -
represented by code 85 .indicating they are duplicates of the |lines

i medi at eluridideed eALywhenanatyping 3 v Adnthbe beoirpin® Ph #hRcating it
is all . Fi 4(c) .l l.ustrat 1-6 and_th L 4] des 50.
Ref or 11 g " i SFESESE) Ansintc Rafes ofe dipked, §hen oL daral Tosts
per f or ned J!)&h&heapés&eéﬂ&%ﬂ%dw?mzéﬁ £J1° FAERTENExpANSIYn QLLHRAN

conpressing data i s shown. owis first tested to determne if it is al

white or zerew.and, if it is, branch 55 is taken and the code indicating it
is all white is recorded. Next, a test is performed to determne if the row
is all black or ones and, if it is, branch 56 is taken and a code

Codes A0 through BF indicate the previous one byte
operation code repeats zero to thirty-one times. The format \o/
for these codes is 10lnnnnny where nnnnn is a value between
010 and 31;0. For example, if the previous op code was 81 and
a repeat code of A6 is detected, six white lines Wili-be_

displayed as a result.

. Codes CO through DF indicate a string of data bytes
follows. The format of these codes, in binary, is 111ddddd,
where ddddd is a count of data bytes which follow divided by
8. For example, if a string of sixteen data bytes is to be
represented, a code of hexadecimal C2 (16 - & = 2) is stored o’

followed by the sixteen data bytes.

* Codes EO through FF indicate a string of zeros exist in
the data;llThe'format of this code is 111zzz2z, where zzz22
.is a count"df'iefps divided by 16. For example, if a string
of 160 zeros was found.ih a row of data a code of hexadecimal -

CA (160 - 16 = 1039 or Ajg)is stored.



indicati-ng it is all black is recorded. - 13 - Next, a test is done to
determne if the row repeats the sane byte of data across the entire row
|§ it- does, branch 57 is taken. If branch 57 is taken, a test is done to
see if .row repeats the same byte repeated by the previous row and, if
so, branch 54 is taken and a code is storedzi«dicating it repeats the sane
code: Oherwi se g code iis stored indicating it repeais a byte and that

byte i.s stored. I ires _@Hél:-kt’i“'s"%hé(f:b Bee ehifustrpkiyve of cﬁ?_ir?atches t he
row pr evi ouSpdehdd A Unchit a8 o150 Puinicd Y150, Aol G Lon®o3 Lo o

i ndi cating the rowis a cat e "of OW above’i st is done

to deternineagiapgyaﬂa EHEGﬁﬁﬁéééaa b?“tﬁé“bfé&ﬁ%tPiﬂVéﬁ%@bﬂ(ld shaRd, if it
does, branch 59 is taken and a code is stored indicating the row matches

the row t w Theatatar eonslists cof ta réw pfexiDunosdidicoskbaved) byoifoaet i on
with Figure 1, if none of these prelimnary conditions are satisfied a
det er mi nat i oFe¥S 47 ¥Bichi veuld dispday| asea iarkenedhreetanglena@ndxcl usi ve

09 1ot Ol ek Soh o 0 Sfechl 94, "MbSD L PLM P a0
oPLL T £ R TELCN L oy oD i Bogpefesy wEGTEYL of the
several varisétes, | RoWwudi mgy 6 tshigtedVE+biitd the right and exclusive
OR'd with itself. This is shown in Figure 4(b). Row 2 44 is
- Exclusive OR'd with a-copy.of itself shifted 1-bit to the
— right, row 45, yielding a result 46. This row is optimized_
in zeros. An operation code-8C is stored by the preferred
embodiment of the present invention to indicate a delta of
shifting horizontally right l1-bit and vertically 0-bits when
performing the Exclusive OR process. Rows 3, 4, and 5 may be
represented by code 85 indicating they are duplicates of the
lines immediately above them. Row 6 may be represented by

code 81 indicating it is all zeros. Figure 4(c) illustrates

rows 1-6 and the resulting codes 50.

(7 Referring to Figure 5, a flow chart.illusﬁrating the
preliminary tests pérformed_by the preferred embpdiment of
the present invention when compressing data is shown. A row
is first tested to determine if it is all white or zeros and,
if it is, branch 55 is taken and the code indicating it is

" all white is recorded. .

Next, a test is performed to determine if ;he-row,is'ail
black or ones and, if it is, branch 56 is taken and a code

indicéting it is all black is recorded.



cal l ed bestcount, to the nunber of non-zero words in the current row, bl ock
60. -A determination is then made of -14- nonequal words between the
current row and the imrediately previous row, block 61. If this count-of
nonequal words is |ess than bestcount branch 62 is taken and zero is stéred
as the best horizontal delta, one is stored as the best vertical del and
the count is stored as bestcount. In other words, should this-be the
opti mum et hod, the Exclusive OR procesS W Fl' be done”using the row

i medi ately preceding the current row and the current row as inputs w thout
shifting the cﬂPFEntar%ﬁﬁﬁ(iﬂ:H@nﬁlBﬂtdeﬁﬁﬂmiéekifstbhewpwkﬂﬁpeﬂ&ssbbe|f

b |- h hol I h h hol d I b
conput ed 4878 VLS PhOAkA dceoan oy SikixeodpHer L 1 Aiohd BpaBch
best count g-,sééeﬁkégan ltf.h‘i:rkﬂ ﬂs§9 ﬂ’i \@J,&«;‘ ?ta aaP% q! Eﬁage%hif is the

opti mum net h zero enrlc Ing this row’o erw se ranch 75 is

taken. |f vpel Row PepédtdithacBane bytd deprateBebyerfie Prafviohst podet er nine
the count of nonequal words between the current row and the row two rows
previ ous, amdpckf6so, Brardh $4cbsntaken |azsk at bede bbststmmeid branch 65 is

taken and O is stored as bestdh and 2 is stored as bestdv. The. count is
t hen st or d@dicaping cik repedtsckhecsang M-come'f'%iSQas’s codgnishe t hreshol d

et ho f’ﬁ%@?ﬁéﬁ#@iﬁ%ﬁ%ﬁ hReafh A A b, bt e&h%“?hzerﬁr Fent ‘row
asmputs to an - :

Next, a check"is done to determine if the rdu'matches

the row previous to it and, if so, branch 58 is taken and a _ s

code is stored indicating the row is a duplicate of the row

above it.

Next, a test'is_dbne to determine if the row matches the
row ﬁwo*rows'pievioué to it and, if‘'it does, branch 59 is
taken and a code is stored indicating the row matéhes ‘the Tow

two iiheé'érévious to it.

‘As previouély_discussed in connection with Figuré'l, if

none of these preliminary conditions are satisfied'a =~ 4

determination is made which of several methods of shifting
and Exclusi#e ORing rows of data wili produce a row which is
bptimized in zeros. Referring_now to Figure 6, S“flbwfchart
for a process for determining an optimum Zero enriched method
-as utilized by the éreferted embodiment of the present
invention is sﬁown. This method consists of first
.initializihé several QQriables inciudinéisettihg'a variable,
called bestcount, to the number of non-zero words in the

current row, block 60. A determination is then made of

4



Excl usive OR Otherwi se, branch 78 is taken. I|f branch 66 or branch.78 is
taken, a loop is perforned to determ ne which of several vertical and

hori zontal delta conbinations will yield the optinum zero enriched nethod.
In the preferred emhodi nent of the present invention these - 15 -

conbi nations include a horizontal delta Gfl4-with a vertical delta of 0,

0 other wor graliuh} i WekrddbetWetRtnd WirlrAnk "Bolk AR 133° 1hnbaPik 15! NY the

shifted row an e current row as I1nputs to an cl-usive i zont al

delta of 1 apiewivestiew) bidkckaed{ IIf aHIQr cdGhRt Abf dRinequal vords i
vertircal delta of 2, a horizontal delta of 8 and a vertical delta of 0 and

a horizont al 1g¢sist thah bestoomng brant¢h 2 dis takefcandzeroofist seered as
conbi nati ons count of non-zero words is determ ned, block 67. |If this

count is les® .hQﬁSBe%?W,ale_ﬁ?ﬂ% dne tiﬁaFtE_B%i‘}?attirﬁnbﬁtsY%F%’cF’als t he
bestdh and b%%%g! a+& g c%?xk&@t iéss{.]ﬁteoci %%SHEQ{E‘EO\F}E{ CRUNbenBE NGRSO L he

next dh, dv conmbination 1s attenpted, branc heéf'e "are no nor'e dh,

dv conbi nati @houll tHifBE/ENE bPeimin GetioasNthy Bt il veesRUpradgsest dv
are the optinmumfor zero enrirching this row. Figure 7 is a flow chart

showi ng a pr edddsbesdehd arsicge bhengow himmedipt el prededting ther cutient as may
be utilized by the present invention. First, several variables are
initialized, T9WodRdgthe cufrentnEPHRS inputsawithent shifiting) theaned .

repeat count tc%igént Nre&("g t% lt?l%priiéhg.n t eﬁ{ ecqme\é\:’ﬂi EQ ét?en done ,to see if
bestcount is less than a threshold value, the threshold value
Y being coméuted' as 2 plus the word count of the row buffer
divided by 8.  If bestcount is less than the threshold value,
it is assumed that this is the optimum method for zero

enriching this row of data. Otherwise, branch 75 is taken.

If either 63 or branch 75 is taken,; the next step is to
determine the count of nonequal words between the current row
and the row two rows previous, block 64. If this count is
less than bestcount, branch 65 is taken and 0 is stored as
bestdh and 2 is stored as bestdv. The count is then stored

N\ . as bestcount, block 76. If bestcount is less than the
threshold value, branch 77 is taken and it is assumed that
the optimum zero enriched method is using ﬁhe row two rows
above the current row and the current row as inputs to an |

Exclusive OR. Otherwise, branch 78 is taken.

If branch 66 or branch 78 is taken, a loop is performed
to determine which of several vertical and horizontal delta
combinations will yield the optimum zero enriched method. In

the pieferr’ed embodiment of the present invention these



exeeuted for each code stored for the video image. The first stepis to
determne if count repeat is greater than O and if it is, branch 82 the
operation code is set to the previous operation code, i.e., the operation
code is repeated and repeatcount is decremented, block 84. [f repeat ceyst
1S equal to 0, branch 83, the next opelsti on code is reéd bl ock 85.

heck th t o,.det t hi ation code |nd|cates t he
gegfnn: ﬁ&%ﬁ’q&n?ga}‘%?‘ “é{ ¥ nngi I S deit itgr afich wEh @ yersdcaht or nati on'
n ac b ck 8 1 n S thi t he :
ngrnﬁl ng 01" akr?ogv girnar?ét?eg @”d% %dt%gls"t gﬁf%nerqw iaeﬁgfm ne if the

oper at i orighdeohé Bit ARRAUSIAG! Che Oéhfﬁ% rbiv bhd! the Rhitrent82ow! NE
repeatcount is set to the repeatcount of the repeat operation code and the

next opem@st Lpputsdko ian Sxcludive ORe a)pmraiznnnal:odbmm dfe Ir apdaaed, bl ock

91. If the o eration code does not ual the re eat operation code, branch
90 is taR’@ﬁ' iE'lt‘llélﬁ:i’r &fedsi AgheFi %P‘%éj Aelhg 6 2 AR Fevartdgalode s

done, gﬁpfa%f HSSSALRY 61 NR0lan R0, e LWL PR 0RecR0e W ||

be nore y explai ne in conjunc ion Wit ata is

then put anata ﬁobﬂiérﬁ:ral Aotk 8816\ difla LarfP8s Lok At eipgingauhet her there .
are nore operation codes to process. If there are, branch 94 Is taken.

Ot her wi sef bheaemtﬁ&ilmtﬁ.ahena domnpraf ess-egrofwardedisini ng- of row

operation code, a
determined, block 67. If this count is less than bestcount,
branch 69, that combination-is‘étored-asfﬁhe bestdh and
bestdv. If the count is not less than bestcount, branch 70 B \_2
the next dh, dv combination is attempted, branch 71. If
there are no more dh, dv combinations it is assumed that the
currently stored bestdh and bestdv are the optimum for zero -

enriching this row.

Figure 7 is a flow chart showing a process used for = -
decoding the compressed video infbrmation as'may'bg.utilized
by the present invention. First, several variables are
.1n1tialized,'b1bck~gi,. This includes initializing a variable .
named repeatcount to O. Next a loop is entered which is ‘;)
executed for éaéh’cbde stored for the Gldeo-image. ‘The first
step is to deterhiné'if'count repeat is greater than 0 and if
it is, branch'sk'thé'bperatioh code is set to the previous
operation code, 1.e;;'the:6peratlon code is fepeated and
" repeatcount is decremented, block 34. If repeatcount is
* equal to 0, branch 83, the next operation code is read, block
85. A check is then made to determine if this operation code
indicates the beginning of a row of-data.'_If it does hot.-

branch 86, the row information is unpacked, block 88.



pérfornéd by the preferred enbodi nent of the present invention, is shown in
Figure 8. The first step in processing a beginning of row operation code is
tp tést. for a code that indicates the data is not conpressed. If the data

i s not sghpressed, hranch 401, the unconpressed data is copied jnto a |,
buffer, block 110. If the data is conpressed, a test is done to determne
if the operation code indicates the romq%hould be filled with zeros (i.e.,
the rowis white). |If therowis to be filled with zeros, branch 102, an

operation is dongelonéliddad fndigites eri 18! tHe AUMniROBE d1dow, .

O herwise, a test is done to determne If the row

ones (i.e.,; braacho8? iis klakek). Aldesto.isbdanéhcd HeterminkeDeagethe row is
filled with ones, block 112. O herwise, a check is done tp determne if
t he code i n@Pesation apdec isf adrepeats opepetien cadenss Ifhdtrbsy branclo,

branch 104 ig taken and the géxen byte of data is read and duplicated
across the £dw, thE KePeptsounkeis sef tosthesrepgatqaung.pf, the LeReatse

operati on cade Lofgalsh LAA DU Shdile GpbRat £RFAUSML 347 83344 PTG OUS Tow

shoul d be repea acr oss S T OW. 0, Dbr anc 'S ken and t he
byte of dat apbpatfdt icodectoabé OSdpddted,OB1o6k OFK, 114. CQtherwise, a test is

done to determne if the current rowis a duplicate of the row i mediately
above it and if so, branch 106 is taken. A copy of the i mediately
previ ous row ' : '
- If the operation_cpde does not equal the repeat
| operation code, brahch 90 is taken and the processing of a
AN beginning of row operation code is done, block 92. The
processing of a beginning of row operation code will be more
- fully explained in conjunction with Figures 8 and 9. The
data is then put into a buffer, block 93. A test is done to
determine whether there are more operation codes to process.
If there are, branch 94 is taken. Otherwise, branch 95 is

taken.

The processing of a beginning of row operation code as
perfqrﬁed by the preferred embodiment of the present
N\ 1nvgntion. is shown in Figure 8, The first step in
processing a beginning of row operation code is to test for a
code that indicates the data is not cémpressed. If the data
is nct-comptessed, branch 101, the uncompressed data is

copied into a buffer, block 110.

If the data is comptéssed, a test is done to determine
if the operation code indicates the row should be filled with
'zeros:(i.e.. the row is white). If the row is to be filled

with zéros, branch 102, an operation is done to fill the_row



{
L

iIs then made, block 115. Finally, a test is done to determne if the code
I ndi cates the row is an exact duplicate of the second row above it and, if
so, branch 107 is taken. In this case the second row above the currenty

row is copied, block 116. If all of the above tests fail, a series of\tjsts
are performed to determ ne what hori zonyal delta and vertlcal delta shoul d
be used in the shifting and Exclusive ORing process for this row, block

117. Aft ewithezeuoserkldak i133nt aOthlal'wrseand thstcis rdnnte wertical delta are

set, the shifti ng and Excl usive ORI n - 18- Erocess i's executed. The
first st efleterPY Ge’c%rﬂﬁ%é’%ﬁha‘bbﬁ’cﬁﬁl jddedorith Angs ddi-ea f Bhet he row of

data and f ro n tes to,the left. An
Excl usi ve %rsg%ie:%’g'y’l 'S tltf#;%" e&%&%egled%?ﬁgggﬁgﬁsﬁq%}f &8 y18f the row
and the orgiqneal wggar&{gs,r PWoek tifpa as inputs. Next, tests are done to

determ ne whether the resulting row should be Exclusive CR‘ d wth either

the i medi ately previous row or the row two rows previous. Referrirng nowto

Figure 9, the Bseferred enbodi rent of the present invention first checks to
see if the hor Bﬂ‘t"&#sﬁelac shegk igcdeng r%tdeﬁ'-sﬁﬁ“il%eaiﬁ ther codehr anch 121 i s

k b d od f th
nvent i on SAASCakER R BF olf 'GpBP obf NP ARk RS e iow OF B8t a to be
di spl ayed erﬁEhOioi hes taliled hﬁﬁrf’ﬁéeggi\}éhebyte of data is read and

duplicated across the row, block 113. Next, a test is done

k|

to determine if the operation code indicates the byte of data
repeated across the previous row should be repeated across | o/
this row. If so, branch 105 is taken and the byte of data is

replicated across the row, block 114.

Otherwise, a test is done to determine if the current
row is a duplicate of the row immediately above it and if so,
branch 106 is taken.' A copy of the immediately previous row.
is then madé, block 115. Finally, a test is done to
determine if the code indicates the row' is ah exact-dup11cate
of the second row above it ahd;-if so, branch 107 is taken.
In this case the second row above the current: row is copiled, | o/

block 116.

If all of the ébqiie tests fail, a series of tests are
| performed to determine what horizontal delta and verg:ical:
delta should be used in the shifting and Exclusive ORing

process for this row, block 117.

After the current horizontal delta and the current -

vertical delta are set, the shifting and Exclusive ORing



sbeed of * processing the data. The table consists of the translated val ues.

for eachrpossible encoded val ue. For exanple, in the table at a relative

offset of [err]

shiftedwfght one pasition [err]

a value [err] appears. This is because the value [err]

with the other input being 1110 y|elds-a§8a-result [err] ([err] XOR [err]

7)) e B SHRSERS, | el VS OB B2,

[err] using

the appropri
delta is a 2&%

Spriate AOPILEMAn (dR1tal BeF ﬂw%wvakus&a ldnd l3R4lper 420Nt al

125 is taken and the rowis shifted 8 bytes and subjected to an -19-
Excl usi ve CFRE¥Frtiye OB Breeess tife tbﬁngpﬁafomdausinm the | shifitied: gepy
I S tak n,and thg.ro |s shifted

h t al | 16 h 127
16 byt es andob e EoRang the mescloRlcouridne Fal SELagER andn
processi ng tﬁ@xi‘”ﬂe&%@t a!:ed%:t@stoadshemﬁé M%&Ocﬂstfé;nm w%ber the

vertical delta is equal to a one. so, branch 130 1s used.

e current

used as input to an Exclusive OR function

ranch 124 is taken and a simlar table is used to obtaln t he
transl at ed ccoms,ofbithek réw3the fddlta homberndfilbytelst soi shedueit .t OAR, branch

row and the shouldnbedEacdugiye m'mwianeeiﬂﬁk Zhel hmmedidtelan previoasve OR
process to obtain the original value for the current row, block 131.

Ot herwi se, aF@WMcKk the ¥EWeLWQ XAWSe PFEMEORS. the vertical delta is equal to
2. If so, branch 132 is taken

Referring now to Figure 9, the preferred embodiment of

~ the present invention first chécks to see if the horizontal

delta for the current row is'a 1. If so branch 121 is taken.

A table is used by'the preferred embodiment of the present

invention, to translate the stored row of data into the row

of data to be displayed. Use of the table increases the

speed of processing the data. The table consists of the

translated values for each possible encoded value. For

example, in the table at a relative offset of 14loa'va1ue

1130 appears. This is because the value 1139 (10112) shifted

right one position (01012) used as input to an Exclusive OR

o/ function with the other input being 1139 ylelds as a result

14;0 (10112 XOR 10102 = 11103). Therefore, the encoded row

will have a 1439 translated back to an 113jp using this table.

The table contains similar transiation_values at the

appropriate offset addresses for other input values.

If the horizontal delta is a 2 ,branch 124 is taken and

a similar table is used to cbtain the translated codes, block

123.

If the horizontal delta is equal to 8, branch 125 is

taken.hnd the row is shifted 8 bytes and subjected to an

a



and’the current rowis Exclusive ORd with two rows previous, the result
being the original value for this row, block 133. Thus, a nethod for
conpressi ng and decodi ng video data froma bit-nmapped graphics display is
di scl osed. - 20 - CLAFMS 1. A et hod of conpressing and N~

redi spl ayi ng video information from &2 B5it-mapped display device conprising

the step : 1 U h f | set, of g erm ned
conditi o%&}igsgg%i sﬂ%ﬁf\ggghgé%ﬂi}gﬁ%o gég{%ﬂ} fggotr?'e’ o?iggsgyf'i rst set of
predet er iifneHeCROfiomial idelgat isféqshisker h8Y BEandd 127 iisStakeh Of codes;
enriching said bit-map of said information in a first binary state by

shi f ti ngaaddther fow s ghiiftedsl 6 cbyifes andt subjeceedt ah ap Exclushve ched
bit-map by representing . said bit-map as runs of said first binary state and
runs of 5*586 feSHi RYSF*sd2Be: decoding said information by reading a
plurality of operations codes and reconstructing said bit-map from said
operation codes; whereby, said information is conpressed and redi spl ayed.

After processing the horizontal deltas a check is done
to determineswﬁethergthe'vertical delta is equal. to a one. -
If so, branch 130 is used. The current row and the row
immedigtely p:evibus.are used asg inputs to an Exclusive OR
process-to"obtaih~the original value for the current row,
block 131. Otherwise,.a check is done to determine if the W/
vertical delta is equal to a 2. If so, branch 132 is taken
and the current row is Exclusive OR'd with two rows previqus,

the result being the original value for this row, block 133.

Thus,'a'method for compressing and decoding video data

from a bit-mapped graphics display is disclosed.



2. The nethod, as recited by daim1l, wherein said first set of
predet erm ned conditions conprises: deternmning if all i ' | |
row of said information are in said first binary state; determining if al
bits of\.®hid first row of -said information are in said s,jlmﬂ"ﬂr"ﬁﬂm e;
determning if a first group of bits repeats in said fir'd} ; rwuw
determining if said first. rowis identical to a second row of Sai 8 bft-map.

- 21 - 3. The method, as recited by 20 aim 1, wherein sai d unpacking
of said data conprises the step of using a translation table having
predeterm ned values to unpack said data. 4. The nethod, as

recited by Claim2, wherein said first bidfyiMState is a |ow state. 5.

The method, as recited by Caim4, wherein said second binary state is a

hi gh state. 6. A circuit fqor conpressing bit-nmapped video

information in aleonputer 8yREERPACBHpF QPﬁﬁssngs?ngtggggﬁpﬁéﬁhggfor

storing-a bit-nmppedovififormaagen fromta bOBPRaAPPEA diBphay dévlice

det erm ni ng whet her _ane. of pé§Qeternined conditions is satisfied
4ok:

set, of
by a Tirst row of SERF4SHRP. FHE E5S0P
. : . determining whether one of a first set of
predetermined conditions is satisfied by a first row of
data;
if one of said first set of predetermined
- conditions is satisfied storing one of a first set of
U codes; ' _
_ enriching said bit-map of said information in
é first binary state by shifting and performing |
Exclusive OR functions;
encoding said enriched bit-map by
representing said bit-map as runs of said first binary
state and runs of a second binary state;
decoding said information by reading a
plurality of operations codes and reconstructing said
bit-map from said operation codes;
_ whereby, said information is compressed and
redisplayed.

- 2.

said first set of predetermined conditions comprises:

The method, as recited by Claim 1, wherein

determining if all bits in said first row of
said information are in said first binary state;

determining if all bits of said first row of
said information are in said second binary state;

determining if a first group of bits repeats
in said first row; and . N '

determining if said first row is identical to
a second row of said bit-map.



I mage; shifting nmeans for shifting said first row of said bit-mpped video

| mage and bool ean operation nmeans for perfornifag—a—beelean_operati on using

'said first row and said shifted first row as ig}iuts to obtain an output, row

of information enriched in a first binary sta ﬂﬂﬂ“ﬂ"_ﬂﬂmm ?]on rré‘aa‘sd'
a secon

for conparing said first row of said bit-mapp
row of said bit-mpped video inage; said first conpa i sbn *edns, shifting
means and second conpari son nmeans for 1N§¥wd|ng i nformation for encoding

'said bit-mapped video i nage; and second oring neans for storing encoded
Vi deo i nformati on. - 22 - 1. The circuit, as recited by claim§6,

wherein said get of predﬁ&errdaﬁm coasl tﬂéai%éa)nwlmsuﬂeier%ak@ﬁn'f all
bits in said firt row of sai ge are.in a first blnar st ate;

0
det ermi ni ng i F24FI uBPngngsa dsFFg ?aFBWFBPP§éP85vFH§oStﬁPoPﬁaPﬁéﬁgare in
a second bi naay stmsladﬁbﬁrmmm ifawirig I Yireflemerniindd t yalepeat oi N said
first row of ag#gcxlggg |agggnat|on and determning if said first rowis
identical to Sa secon row 6f said bit-mapped video |nage

4. - The method, as recited by Claim 2, wherein
said first binary state is a low state.

5, "~ The method, as recited by Claim 4, wherein
' said second binary state is a high state.

6. A circuit for compressing bit-mapped- video
information in a computer system, comprising:

first storage means for storing a bit-mapped
video image,

first comparison means for determining
whether one of a set of predetermined conditions is
satisfied by a first row of said bit-mapped video
image; ' )

- shifting means for shifting said first row of
said bit-mapped video image and boolean operation means
for performing a boolean operatidn using said first row
and said shifted first row as imputs to obtain an M;J :
output row of information enriched in a first binary
state; - ' o

second comparison means for comparing said
first row of said bit-mapped video image with a second
row of said blt-mapped video image;

‘said first comparison means, shifting means
and second comparison means for"providing.information
for encoding said bit-mapped video image; and

second storing means for storing encoded
video information.



a

8. The circuit, as recited by claim7, wherein ' L rst binary
state Is a low state. 9. The circuit, as recited by claim®8, wherein

sai d second binary state is a high state.  10. : TheJ
by claim#, wherein said second conparison means conpri mﬂm mmmwmb?
functi on. :

- 22 -

7. The circuit, as recited by claim 6, wherein
said set of predetermined conditions comprises;
determining if all bits in said first row of
said video image are in a first binary state;
determining if all bits of said first row of
said video information are in a second binary state;
determining if a first group of bits repeats
in said first row of said video information; and
determining if said first row is identical to
said second row of said bit-mapped video image.

8. The circuit, as recited by claim 7, wherein
said first binary state is a low state.

9. The circuit, as recited by claim 8, wherein
said second binary state is a high state.

10. The circuit, as recited by claim 6, wherein
said second comparison means comprises an Exclusive OR
function.




