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-1- METHOD AND APPARATUS FOR DETECTI NG CHANGES | N RASTER DATA BA %JND In
m cr opr ocessor based systens such as personal corrputersﬁraﬁr@&(" = he
video hardware for controlling a video display (nonitor) conprises a video
adaptor which interfaces the video commands ¥ ssued by the CPU to the

monitor. 5 One of theysRph MBMEPAATYS 950 DRRRPIRS GANGEITN RASERORAR

conputers is the video™grapntcs array (VGA) nmanuractruared by International
Busi ness Machi nes, Arnonk, New York. ThBALKGRQUNDai ned such wi de

larit d use that . I fact /i.de hard . '
il at s, Lho VGA and InIEPARCousY EREP SIE BuPL ok pe Bt e e e €
that utili th - ' i I it f
Lhe. VGA | 5 Shown e T AR e o P e ol or

20, nenory 10 whagdptérwhith imerfaces tievitea.cemmantie issaed by the €PUrtaghe ofonitont s

and the |like and the digital to anal og converter, (DAC) 30 referreq, to. 15
soneti mes as ¥ heOpaiof megmemmmrmepglﬂ?epﬁﬁyseoént&wé@ S‘PmP%Wﬁq'P%B'FE"f or

the col or displa . wel ' | ; MARineli K, S
connected to the¥@§ﬁ'c$%r"] Sagﬁeﬁﬁ‘%@a}?ﬁrs".’a %é‘stg@a{-{fp@a{%"tﬂgsto tt?gg\/‘gar&gég‘hi p
whi ch receives t NewWotRO The VGAIHas gaiped Suctpwideaiopulafity arad userthabsevesall ay and’
not to display. To generate a display the CPU instructs tae VGA chip 20 to
di spl ay a cert ai masgfachrersprovide B@%ﬁ%@@“ﬂi‘eﬁ)ﬁhecm | QUMEERYS SRIMWE5S)

Lo Soncs e s b S VoA i LS

pi xel informpi ogutput.0 the menory 10 to generate the frame buffer image.
The frane buffer image is then transmtted back to the VGA chip which
forwards one pixel at a time the contents of the frame buffer to the DAC (

30. 25 The 4-bit pixgl,code (4 bit.S &Rk ; I 8 -Ai n?p';i@
transmtted to the DA %%@“&%’E%’i@%@éé%%‘% @rﬁeg'gélﬁllret?)?j\%e pI )e(gfﬂeo\VGA
through the col olehipRtiedRtrblieh'20, 10 Which! fanctiohs b eheirame busierlandtie ned
t hrough the | ookup table, the digital signals are converted to anpalo

signal's and out pistorage oHfontsmanditbe likeand thendigita! 49 anate cervenisn (BAG) 3¢ ﬁ%ﬂ%ﬁ%
D o 8 b BeShg B kST Rtk s B 8 4o
32 tsr gn”e popul ari to%ld?fdistpi& adall 4R \Yrivbr mm& @snﬁiufr s VGA ehiptdoasibasedted to
the CPU through the PC bus. The CPU transmits to the VGA chip which receives
the video ct;mmands regarding what iﬁ:f_ér_thation to display gnd not to display. To
generate a display the CPU instructs iﬁe VGA chip 20 to display a certain set of |
20 data. Upoh receipt of commands from the CPU, the VGA sends the required
instructions - it it is in the text mode the 16-bits containing character attributes, if itis
in the graphics mode the pixel inforhation - to the memory 10 to generate the frame (
butfer image. The frame butfer image is then transmitted back to the VGA chip
which forwards one pixel at a time the coménts of the frame buffer to the DAC 30.
25 The 4-bit pixel code (4 bits for 16 colors, 8 bits for 256 colors) transmitted to the
DAC 30 is l;;ed to determine the color of the pixel through the color lookup table.
Once the color of the pixel is determined through the lookup table, the digital
signals are converted to analog signals and output to the monitor 40 for display.
The contents of the frame buffer are read and transferréd to the DAC 30 sixty (60)
30 times a second in order to refresh the display on the monitor display 40. Due to the

extreme popularity of the VGA, computer manufacturers have attempted to. design



-2- video hardware and software that are backwards conpatible wth the VGA,
such that popul ar software prograns that are conpatible only with the VGA
will work ‘on the nore recent versions of conputers. 5 However, a new
feature found in the marly of the newer nultitasking conputers, referred to
as wi ndowi ng, has made the problemof conpatibility with the VGA even nore
difficult. Software progranms which provide t42-s feature include M crosoft

W ndows", devel oped by M crosoft Corporation, Rednond, \Washingto &Rd
"résent ati on Managddeo hardyaregnd soffvare thahareihgskwargs compatible wit m?er\é, 1§pch

Ar nonk, New YorKk. ' | ﬁe I
into'a plurality otb&é?o@g‘sa?g@%ﬁgﬂ?&gﬁy%gé@&\}mﬁ?doﬁ wlﬁﬁYh_ | cﬂ v%l:l ??g(rdgﬁt
processes may be ItHe nidrévédentesrsiohy of domiputerenpl e, in a first w ndow an

accounting programmmy be operating while in a second wi ndow a draw ng
program rmay be running. The user of the conputer has the ability to switch

fromw ndow t o sM ndow ' t h@ﬁaﬁlp hi cs
portion of w ndow ng s?&é&emﬂﬁﬁaﬁé&:ﬁ@&mgﬁ as"yéei;i/ﬁef@&??/rp’ﬁ%a ylﬁg
separat e program WynigltéraC RiferRid 18as wiRdidwihd)thaB Makieethe problem o cavhpatibiliywith
different wi ndows on the screen and the applications that are to oFerate i n
each of the wi ndovthe \{GA leverhmoreifficull.nSotwareipregrama whichaprayide this featuse include

di spl ay i h haf .j nf i on i he wi i
Shi oh Y akes the vt MBerosak MARecwEroeyalbead b Hikrobth Cofefdin Hadory Wedion
the size of the dapgy ¥5re¥bithtichoMahadeY, ABFeISFdd By infinatitingl Bisindse\Wiathiriese

6.
wi ndow and its relatlons to other W ndows cfi;spl ayed, and outputs the
massaged data 10 t AeméniaMewdYdrkein afwindowingenvironment; thei scpeenymayhergivided up

Wi ndowt envi ¥ onront A ARERE) BLaRas. 225N EstpEed 19 5 wirgow, i wiShalBiet plichlts,
ond ol ocat e 11 Onfy LA Qanbiie FGarkle, oo SN o 88 hayrars
executed, the appl imagtbeosperatingrwhil inrcsscond windowctndianingsprogeam mag belranning.
e S Thagser ofdhs compuer has the abiiy 1o Satch flom Winddw 1 window 18
play its video I"R8Y&€
15 operate the separate processes. The graphics portion of windowing system which
contains the display is typically a separate program which receives as input the
parameters‘ deéignaﬁng the different windows on the screen and the applications
that are to operate in each of the windows, such that when the application program
indicates the display is to change that information is sent to the windowing system
20 which takes the video information and massages the data, i.e., compresses the size
“ ' of the data as well as clips and trirﬁs the data in view of the window and its relations
to other windows displayed, and outputs the massaged data to the frame buffer ot
the monitor for display. Computer hardware developgrs have fbund however, that
the VGA will not. work in the window environment and have been unable to take a
.25 VGA gene:rated display and a||6cate it to a portion of the screen. If a VGA-based
process, that is a process which utilizes the VGA to generate its video output, is to
be executed, the applications running under the windowing system must be
suspended and saved and the screen blanked so that the VGA process can display
its video image. '
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- 3- . - To overcone this probl’'emthere
have been attenpts to devel op VGA enul ation software that is conpatible
with the wi ndowi ng system so that VGA- based processes are displayable -
within the wi ndowi ng system However, software enulators require a |arge .
amount of CPU overhead and dramatically slow down 5 the tine required to
generate a display. Tests have shown that to generate a video i mage through
a software emulator may to be up to 83 tines slower than the tinme typically.
required to generate the sane inage in non-w ndowi ng environnent. The :

~method and appar at uyo @beichfielhis pribler thers hawbedirdtenipts R/GveDpEVGAese
probl ens by providing an interface between the VGA and a non-VGA conpati bl e

10 envi r onnentensulationsaoftwiaee thatig campstible with dhmwindowing sysiem:sa et V@ére such
that VGA b d licati ' d.i.n.the i '

v onment. on BASPR BrOcestRS 278 Slsplavable s P viRadwife sPIEHT Hawhykr. spttware,
net hod and appgﬂl&%@ﬁq&#@aﬁér@? %lmouﬁﬁof CPOY WbingAd BRY dRsmatically SI6% down

performreal time conparisons arge bl ocks of raster data, such as

sei sm ¢ and sgechetimeabquirsdto geaerate aldisplay.n Tests dave shaws thgt thegeneraleavidsoc h
as the data enployed in inmage processing. rrently Ln such applicafions
hen two- bl ock Jmene HPHahS EOTATE STRIAIDLTRLT b b IoAimeS BRweE BN 135 H8 oo
by software whi . : : L Y | Thi s
is quite tine 2’85‘ c@%ﬁéﬁ@g"&%ﬁ#&ié‘? %’%‘Fﬁ‘ﬁaﬁg-gf"o@e@g%ﬁagfe“? ﬁéed %Rt'a _
di fficult exceprhemeihot @ad apparatusidt thetpiesertrioventico spaksdo overthmertieseod and

apparatus of the gresen-t i nvention provides a reaéA-t'i ne cz%‘pﬁgi lity for the
conpari son and Rieblemsity preyiding andateriace between the-YGA and BRAN-YEf compatjle

power ful majn f LS tha i ' é{wﬁwﬂ ' \/
t her ef or'e”:t&obfmn'gg %ﬁﬁri é’%%ﬂ'f"#ﬁb@%?&p?}g\%y e an |"?lgt}berE %Hcglat
bet ween a vi deov@pajsed appiitations may bp ispldyed i thellhcompktidel envirenmentoomant

such 5 that the output of the video adapter can be displayed within.the
i nconpati bl e realtime basis. : : _

o

Furthermore, it has be_eﬁ found that the method and apparétus of the present

15 invention may be utilized to perform real iirgie comparisons of large blocks of raster
data, such as seismic and geological data, radar data and video imaging data, data
such as the data employed in image processing. Currently in such applications
when two blocks of data are to be compared, the cdmparisons are performed by
software which compares the blocks of data on a bit by bit basis. This is quite time

20 consuming and makes real time processing of the data difficult except on large, W,

powerlul, main frame computers. The method and apparatus of the present
invention provides a real time cépability for the comparison and detection of

changes in raster data without utilizing powerful niain frame computers.



graphics display environnment on a real tine basis. It is an object of the
present invention to provide an interface between a video adapter such as
the vertical graphics array (VGA) video adapter and an 10 inconpatible
graphi ¢s environnment, such as -a wi ndowi ng sygtem wherein VGA- based

applications may be displayed and out put through the wi ndow ng systemon a
real tine basis. It is furthernore m&&&gﬁm&lﬂﬂﬂnt i nvention to
provide a nmethod and 15 apparatus that permits real tine conparisons of
and~det ecti ons of changes between bl ocks of raster data. In the method - and

apparatus of the presernisithergford 8 objet ciMepreserfl inveRfidrefo piadide ah ntéideed 1 n
menory. During the process of storing the data in nenory, the 20 data

currently in the nbetwepniasvidesadaptersandian ipgorhpatibleagriaphias displayeavieahmant isheh
bits to be witfen,ipto the.s l.Location in nenpry. Preferably a circuit
such as a sinpl® e¥X h&w&?ﬂ%‘e %@Ei”%‘i{aﬁeg“ﬂ Bb‘%ﬁ%}%\"hm

conparison. If theﬂ%@ és&ﬁaﬁﬁnﬁ%ﬁn&ﬁ%@ fal %gib'hgg_ and the data to be

~witten to that sa ocatron are not the sane, e di screpancy and

| ocation of the discrepancy is noted in a 25 separate area of nenory to be
used for subsequent analysis and the data to be witten to that |ocation is
i medi ately witten intibistancobiactatthe presentinyention to peovidean interfacebetyween ape

foad of the dara VPR AFRASEEkh dESAE Wbaiclincd Rl T oAl gk paBL AR 8 "
menory during 9oe Reompatitly graphicd @nvironmént, subh @srEbwvinGowing Gystema nhbisin VGAL he

present invention is particularly applicable to the video graphics
envi ronment wher ei haseg-applications niay bedisplayad-and eripet thongh thewindawingsysteamen

buf¥er is conpared ted raster inmage and the data changes are .
noted on a pixel bi‘/trg?'kﬁfe %%gslas usi ng the nmethod and apparatus of the
present 5 invention. Uilizing the information gathered on the changed

pi xel s, the video display need only update the changed data, thereby )
m ni m zi ng the anount ot isdutthermereren objeciof the prasem inventiorctadirenide A@nethnsbanchf

the system 15 apparatus that permits real 'tin)_e comparisons of and detections of changes
between blocks of raster data.

In the‘ method and apparatus of the present invention the data, i.e. raster
data, is stored in memory. During the process of storing the data in memory, the
20 data currently in the memory is read on a bit by bit basis and compared to the bits
to be written into the same location in memory. Preferably a circuit such as a
- - simple exclusive OR or comparator circuit is used to perform the comparisoh. If the
| data read from a certain location and the data to be written to that same location
are not the same, the discrepancy and location of the discrepancy is noted in é
25 separate area of memory to be used for subsequent analysis and the data to be
written to that location is immediately written into the memory. Preferably, the type
of memory t_d be used is a dynamic random access memory (DRAM) because the
DRA.M performs the read of the data currently in memory and the write of the new
data into memory _during one memory cycle.
30



‘invention in which

In a preferred enbodi mrent the nethod and apparatus of the present 10
invention is enployed to provide an interface between a video adapter such
as a video graphics array (VGA) and a video display systeminconpati'bl e
with the video adapter such as a wi ndow ng system whereby the video output
generated by the video adapter is translated and input to the video display
system for generation of the display in real tine. -6- The objects,
features and advant ages of the method and -éppar atus of the present

invention will be agggrent fromthe foll owi ng detail ed description of the\'ﬁ
gethod and eppasatug of the present inveatiands Pegicularly @pplicableg

2 d2bill d f

Faventi on i n vl 2 VR Breb R AR dimett B i SRt PEraBleF Hibe g
conpared in regh tHd flime bufler i comparali rt@nﬁ%pﬂamdqa&eﬂlm@wﬂa déda dhangéwt her
enbodi nent of the systemof the present invention, a video system

i nterface, as |arehntodtomabtb&byrmxdtbamsu&mdhe mthmnd awaraswoteﬂmmeat
Wi ndowi ng syst m Fi e vide terface
of the pres FMHSI Uﬂ"z'%ﬁ‘e ml%rm nggatgerpgpuggl %%@eawﬁ%? H?ﬁ] of

dirty regions f
present invent |é) ﬁ%@or&ﬁ%ﬁe 'Eb I's g&?lﬁg% %%%1"%&?g{;?ﬁg&){]ﬁ@gr%acess
steps perfOr”Edolhbttdmfmdghdﬂmﬁsmgihatspeedéglmespstamr al of the new system

interface of the present 25 invention to deternine dirty pixel regions.
--7- DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referri ng to Fig. 2a the system

of the present I nveg E%Pef&%g)ahﬁgém%n{ {hleSHhethod and apparatus of the present

10 inventionis employed to prowde an interface between a video adapter such as a o/
video graphics array (VGA') and a video display system incompatible with the video
adapter such as a windowing system whereby the video output generated by the
video 'adapter is translated and input to the video display system for generation of

the display in real time.

.



menory 70, exclusive OR circuit (XOR) 90, and a second nenory 80. Thé{;:rsi
5 nenory 70 may be any nenory used to store |large amounts of raster data °
such as digital video inmage or radar inmage data. Data to be witten into
menory'is input via the data line 75 and the address the data is to be
witten to is input via address line 83 The raster data is consistently
witten to the sanme locations in nenory such that |ike data to be conpared,
e.g. a pixel at a specific X-Y coordinate | 68ation, is 10 always witten
to dnd read fromthe sane addr eSed : W Lingorrel ation is
est abl-i shed between each pi xel t C

[ o PR ARLL .
DESCRIPTION OFT) ocat | on where the

pi xel information is stored. Prior to witing the data, (herein referred to
as the "incomng data,") into nenory, a read operation is perforned to read

the contents of the addihesbiects: festuras pad advantagesiof %W?‘B"%ﬁﬂdﬁﬁ%a’a%é’?the
h i f d to 15 t " " . i
beCT e h et Thputrepg iiventin witiid SiHaréif oBm.fr® Qitit aciEidd Vodkbiibrdtiine | e

75 is input to & SpeeRdniiRMAichei N of XOR 90 and the current data and
i ncom ng data are conpared. The output of the XOR circuit 90 indicates
whet her the incomng data and the current data is the sane. |If the output

of XOR circuit 90 indicates,that the ta. is not the sane, the data 20
menory address on Iine@%‘i'g“ﬂa&)ﬁégﬁvgﬂtﬂd%? §€a€&?{(§y§8%ry 80 for storage.
| medi‘ately after the current data is read frommensry 70, the incom ng

data-is witten into nmenory at the address on address line 83. Preferably
the menory wite oper atFigred and2b #lustratelonmembediment of the systernof thepregent at i on

to 25 mnimze the nunber of clock cycles r'e'gui red tq é)er ormthe

corpari son of d#Bt alnyaatiania whicly lage aspounts ef MAMBYROMAIYIN 'ﬁ%ﬁ.‘ cg}?eméi’gﬂs of
reading the data f¢ conparing the current data to the incom ng
data preferably taﬁg@%@ﬁéﬁaﬁﬂgﬁé menory cycle. During the second nenory

cycle the inconmng data is witten into menory 70 and concurrently with
that cycle the address of the nenory 30 |ocation is stored in,rrermr¥|?80 if

the current data and tHeigi diluatratgs ablock shiagramdepisting; anathergmbasimentiof the

f d that the jnf i d.in - ' e B
Pocat on. ot ner i nPERRRAIa ARpeT TEEGT A Vet afeten. ribrag, g 1 LRpydFRlfptoltes
coordinate | ocaii Ofp fe VEA videb spREMA EHIWwindYWing@ystee di spl ay, may be used.

Fig. 4 is a block diagram of the video system interface of the present

invention.

20 Fig. 5 illustrates the formation of dirty regions from dirty pixels in the video
system interface of the present invention.
Figs. 6a and 6b is a flow chart illustrating the process steps performed by the
programmable dirty region central of the new system interface of the present

25 invention 1o determine dirty pixel regions.
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The/process and apparatus can be expanded to read, conpare and wite 5
antipIe bits during the sane nenory cycle. If the nenory 70 is a 32 bit
wide nenory, the 32 bits of data would be input over 32 data lines to the .
32 data input pins of the nenory 70 which yould wite the 32 bits into -
Brmory within one cycle. Prior to witing the data into nenory, the 32 bits
of the current data woul d b®ETALED:DESCOR F PHBEINVENTION dat a out put

/pins to 32 input pins of one or nore 10 conparator circuits (depending -
/ upon’the number of inputs to each conparator circuit), which would s

/ sinmul taneously compagdei RigP24 & aToyets : and
/ output data indicati vee O]BE ttc?]elgble% g“ﬁ’(?’? EF@%QE?eggﬁtg%‘?ﬁg %‘?g&ﬁﬁé‘g&s %‘E’lﬁon
* woul d be st or edmemoneTi@rexciusive OR circuit EXQR) 90) aindllalsttond mentone8Qr Ehetirse d
configuration of this_enbodi nent.-of the g-r esent i nvention. Although any

type of read? w MEMOREAQ Mayheanymemeny used tq storg latoe amaynts efirastaedaly suehesof

the present invgnt.i ' [ améio' : ' . . M
of fers a singl eaig%iﬁ@e%e%%%@ear;gﬁ %n re 'er_reés'f% %%@Hﬁ@x r‘ms mwtev'PRA
read- nodi f i ed- whetdatatme 75 and thecaddriédithe tatatisito bd\irittan 1ods iripOt viQ addfe'ss limg
data, the old data_currently stored in the menory is read and output from
menpry on the d88aThefasterdata isgensisigathowittasntothe same josationstin mesmprpsuchuse

the data curren WSt in. “Rnpry. is ad _ou ¢ the n data is
witren into melte IRt b8 sk haBrebla biel & A aetlie KoY sherdinafilofoBoiss of
readi ng t heqgur afvdlysWitan td 848 rBRENorh the RERP' ddBrbss e mieffoRyTl TRufifecend t he
current data and w:itfng the 25 incomng data into nenory can be perfornmed

Wi t hi n one nenopegrrelatioreis estabishadohaiweemeadhspixeliadationh and @ membryl locdtion “
exam ning digital video.i es gr other .types of raster data to detern née
changes ign t%e H’b?ﬁt ﬂﬁ'ﬁ%&?‘?ﬁ?q 5ptqred, EE"_’F}PMES thedate. (hateln relenpcipas

wherein it is i fRPidcdfling Gatd®f iftd & v 87B4H ortirationis Ber '
representative of <";1i rcr%q?aor@;thoteﬁF?EQ' gnongoﬁr%norqe{%?”%%e#at S. .h|es 30
enbodi ment i s akemtentsef tHe adureksithe datads tohbewritten to andithe1tdatao(hersi® tedgrrerbto

~data - 9- erein the nmajority of information remmins the sane wth m nor
devi ati ons i"ﬁht ﬁé‘%ﬂﬁe'ﬁm& aﬂpﬂ,m’c‘ﬁ? daamy line, 85 1o & fist ipput read pined XOR t he
area of digital gk, The incoming data on line 75 is input to a second input pin of XOR 90
and the current data and incoming data are éompared. The output of the XOR
circuit 90 'in.dicates whether the incoming data and the current data is the same. If
the output of XOR circuit 90 indicates that.the data is Ihot_ the same, the data

20 memory address on line 83 is clocked i_nto a second memory 80 for storage.

lmmedafat_ély after the current data is read from memory 70, the incoming  \_/
datais writtan into memory at the address on addf_ess iihe 83. Preferably the
memory write operation is performed concurrently witF the XOR operation to
25 minirﬁize the _number of clock cycles required to perform the comparison of data
and the storage of data into memory. Thus the steps of reéding fhe data from
memory and comparing the current data to the ihcoming daté preferably takes
place in one memory cycle. During the s'ebond memory cycle the incoming data is
written into memory 70 and concurrently with thét cycle the address of the memory
36 location is stored in memory 80 if the durrent data and the incoming data are not

the same. Although it is preferred that the information stored in memory 80 is the



5 imaging wherein real time updating of rasterized or digital video inmages
is achieved by transmtting only those portions of the inmage that have
changed since the last tine the inmage was transmitted. A bottleneck in the
digital video inaging process is the ti rre.%ﬁe_qui red to transmt the raster
data representative of the video inmage from an input nmeans to an out put

Tha T nal _dect i nafiomeRceceyts. rpe Brorulfi #Rish Wephfis B0 cale gl e i . °

|ings or satellitgodriikfe B8atioh of HRAGLHRhdNdIRBIxéIbhe Bpley! MagBEseaci Ng.
Thus.iit is preferred that the anbunt of data that is needed to transmt is

mnimzed. This is often done through data conpression techni ques wherein
the vi.deo data is co essed prior to transmi ssion.,and suhsequent|y, 15
expanded after recei gﬁ'wfpﬁ%*ostﬁmaé‘fso?ﬁ“%mﬁd ?%’@a 'r@g'é@e ﬁé?/wﬁ'ée
sinplified andgth | Gt ' fefi éﬁ% by tHe'rRérRGAY 170/ i9'8 RBidwibe e
dat a representgt i @ﬁ%@?ﬁe .po???é()%égﬁ%f tr??l mage changeg?ysi nce 't he | ast
transm ssi on. Themenorgahe 32 bits obdatawosidde isputaver 32 datgrinés tocthe 3alataiipput n
nost applications the anmount of_change occurring. ip a Vvideo i when t he

i mage is frequent PSR the,MamesG7q whigh would wiite the:3g Bt-in mPW@'ytn‘g"ﬁg'I' op .
On licati , . o] i
oartoal ar by user HAGE o yifoRHE LE!ifb retforg(4ia 39 bits B8 cREntUata 4EER be read

interface between aad\GutR®t {thé 32 data GARpwR pitisdo B2anpL binsf ane ay mokdGA) and
a video system 25 inconpatible with the video adapter, such as a w ndow n

system A conp@t ecompatsatertiraits (depending upancthe mumbes ekinpyis ta/epch comparator
comuni cat es through the .CPU t he .vi deo dat ' . Y/
subsyst em 130, . an&%pﬁ?gwp[fs'?mgﬂ%&@x%ﬂé‘?ﬁ@ﬁgg 5?%%‘%&%’“8‘@9%&% gﬁ? t he
VGA control | er Ch'cﬂrre%éiﬁ'ah@oﬁ(gﬁﬂ!atéﬁﬂid&ﬂ#e ofthe Bits Whighiditfered and thishr ough a
digital to analog converter (DAC) and to a display nonitor, is input to the
vi deo interface ofinformationovaid bé stoeed inanemary, The - 10 - video interface

140 converts the VGA output data into raster data which is conpatible with
and can be interpreted as input to the wi ndow ng system 150. The w ndow ng

TR o ner X o of B TR ARSI o i pipaitt sy,
present invention. Although any type of read/write memory may be used, it is
prefefred that the system of the present invention embloys Dynamic Random
Ac}:ess Memory (DRAM). The DRAM offers a single cycle memory operation
referred to as the read-modified-write memory cycle (RMW). In the RMW, prior to

20 writing data, the old data currently stored in the memory is read and output from
memory on the data out line . This memory operation is preferred because the data
currently stored in the memory is read out and the ﬁew data is written into memory
within one mem.ory. cycle, and tﬁerefdre, the process of reading the current data
from memory, eoniparing the incoming data and the current data and writing the

25 incoming data into memory can be performed within one memory cycle. This

| embodiment is paﬂicularly_useful when examining digital video images or other
types of raster data to determine changes in the data. _An illustration is the

< processing of radar si'gnals wherein it is iinporlént to note the movement of "blips”

o or images representative of aircraft or the like among the radar signals. This
"30 embodiment is also useful to determine changes in seismié or geological data



5 -video interface 140 is illustrated in Fig. 4. Referring to Fig. 4, the
VGA interface conprises VGA controller chip 220, Pixel Packer 170, T| m ng
Control 180, Frane Capture RAM 190, Dirty pi xel conparator 195,

Programmabl e Dirty Regi on Control 200, B#®s int e’rface/lookup 10 table 210

and Dirty region storage rol 180.controls.t.h ng of
all the corrponm?"bthet'ﬁépmycﬁw'%m%‘ﬂ‘ %@a'ﬂﬁ & SR Wit finor, 4’?3'3&'9% ‘ﬁ‘dﬁn%f t he
vi deo mterfac&w{th the VGA and the w ndowi ng system The timing control -
180 controls the timng of the captures, the setting of the line |ength,

retrace | ength, the nunber of Irnes and sends out an interrupt to the CPU

-after. the capture and dirty pixel processing is co Iet L gr cate
‘that data is to be FFMEFQ-@HSPB‘WE‘W Py ke %%ﬁs‘f‘é'r‘ﬁ ‘é Yiged1 180

receives ti %‘gngn\g#ww&rdln Pel kit L}rfﬁé( @%9 ra§{é?iﬁe&§r #uBﬁ‘% %9548'9

synchroni zi verti.cal I.zing SIg I'ank si na1 and the

clock signal, wpHieRédby cteﬁsrhinmgtorm those pgmrehs of the irnége thiak havepeheinged &inbe
frame capture RAM 180, dirty pixel corrparator 195, progranmabl e dirt

region control themstiime the imagewas teansayites A hettienssl in 'Q'F%"WQ%‘BFQ'K%I 180

| t L
g s anal s oot BB TRER Rlrhn s ol ebshal bt ek
frame capture Fnbhd %ﬁ&rﬁnau%ﬁéansnéehrmpw fears, rsutch by froimatle QRIE{oethe drafei S

to be witten to Such that a pixel froma partrcul ar X-Y location is
consi st ent |40 wbuffeear fram theotiginto thefingkdestinationo! thevidea image; for RXAMPIES Waen

data is to be displayed, or- atac displaye Q hanged or
updat ed, the V& Phona § ﬁt?’éﬁ‘%‘ﬁ%b’?‘éﬁﬁ Et"sé?'gy qs%‘te "r\g%&ﬁu t he vi deoW
data to be dis I f to t
VGA control ler %%\SSQS %ﬂf\,\‘gl ?&L?g Iﬁtl “g%s?rad‘rrghé}éﬁa g@ﬁ?w dgir‘atgﬁ!fig nggg?&dtlon VGA

vi deo adapters msnmresﬁiﬁtﬂl;edavﬁne islofien dohe thraughcdata compeassivpdectiniques

performs the standard functions to generate the rastert
raster image i swhsRinythe ¥igeodata Isé‘aq"&’ %&S&"PE“ tﬁﬂSﬂSS*QW%!?FE?‘&SPEHP'B&t of

ot om0, PPen6l B Thofitd mpbafintBlon, Roder 0 prebelChhassl = [ =
woul d generate gifplifsdoaes theardnsmissmngmd mlrﬁmized by mnsrhmﬁngbrﬁpﬂmdam t he
representatlve of the portlons of the |mage changed since the last transmission.
The rncrease in transmlsston speed is srgnmcant because in most applications the
amount of change occurring in a video image when the image is frequently

20 updated isa small percentage of the tota! lmage

One appticati_on. | where the system of the present invention has been \..J
particularly useful, illustrated in part by Fig. 3, is to provide an interface between a
video adapter such as a video graphics array (VGA) and a video system
25 incompatible with the video adapter, such as a windowing system.

) A oomputer program app!teation \_Nhich utilizes the VGA 120 communicates
| tnreugh the CPU the video data to be displayed to the VGA subsystem 130, and in
particular the veA'comrouer chip. The output of the VGA controller chip, whichina
30 typical VGA system is output through a dugnal to analog converter (DAC)andtoa
display monitor, is mput to the video interface of the present invention 140. The



L

moni tor. However, In this enbodinent: of the video interface of the present
5 invention, the output of the VGA controller chip 220 I's periodically
"Captured” for transm ssion to the Frame Capture RAM 190. Thus, for output;
the pixel data typically a 4-bit word or nibble, is sent to the nenory 190
herein referred to as franme capture RAM 410+ tenporary storage. 10

STl Y. e, Ol it oS 08 A e el e RIS @

predeterm ned fre or exanp e current.

output by the VGA ggnindtibld with afd SarPBinterprafsd-dsifiputdd thd windowing sgstemo1 S0heThe
frame capture RAM 190 once every ten seconds. This permts the control of

the frequency of upindowingisysiemeupanseesivingthecragies gataythen magsagss thedatade eased

or decreased accordi t e i i t ' . t t
accommodat o appl 1 cAPPEAE T MeChOR R, s et 2 bl Verkieg S diordf b
those whi ch chaggeyiie intérfdc8r140N@MastrR6FindFigaq). | n order to nininize the
nunber of nmenory cycles for transferring the rast-er 20 inmage fromthe VGA

to the frane capture RAM 190, it is preferred that the pixel data is sent
in blocks of data conprising nultinpl jxels.. Typicall bl.ock si.ze. 1S
set to equal the width %‘?’ei’ﬂgt‘??kﬂ gdgegﬁ'"f%gg%p?%\}ﬁﬁﬁm@%?%% ?%é'en
during each memory 76, TiirgCEHRl 160) Ferkis Capu RAM FRC bty gitél

Pi xel packer 170 rgg(éftggkegﬁzﬁ'[ﬁxg@ at a ¥€d(;m VGA cgtntrol l'er 220 a‘%lld stores
the information untbmphiatora®5, Rrogrammable [DityRegioh @ontrol 200, Bus interfasgliosksipt he
si ze -of the out put

bl ock of data. The bl ock pixel data is .t t fr
pi xel packer 1% aﬁﬁl"%?@g@‘hD!%Wamgwgcgizﬁﬁfk%'?‘?%Eb'i?'égggpgﬁggﬁﬁV{"?‘g]
[ | k 170 | [ it shis i . 0= hi
e bt equal < O RbtEEorfbohbiol e yidebffertaB0 it EhorhateR g urfind ot e ée.

in RAM one row at intérate. withthe VGA and tHeawihdowing eygtém Th&AMirkdébntrsl 180 controls
preferably a DRAMwith the read-nodified- wite node enabl ed such that data

may be read out of the:timing ofthe capturesthe mttmgwefrﬂw jinelengthnretiage Iasgtty hecaumter
T L oA s P, 50 S PGB b R ™
15 processing is complete to indicate that data is to be transferred to the windowing
system. Timing control 180 receives timing signals from the VGA 220, such as the
horizontal synchronizing signal, vertical synchronizing signal,_ blank signal and the
clock signal, and provides the timing signals for the pixel packer 170, frame capture
RAM 180, dirty pixel comparator 195, programmable dirty region control 200 and
20 dirty region storage 230. The timi_ng' control 180 also contains several counters
which are used in conjunction with the timing signals received from the VGA 220 to
calculate the memory address in frame capture RAM 190 the pixel information
output by pixel packer 170 is to be written to such that a pixel from a particular .X-Y
location is oonsisteﬁtly written to the same address in the frame capture RAM.
25 .
When data is to be displayed or data currently displayed is to be changed or
updated, the VGA-based application program indicates to the CPU the video data
© _ | _ to be displayed. This inforfnation is transferred in VGA format to the VGA controlier
| chip 220 which is the same VGA obritro_!ler chip used in VGA video adapters
| 30 presently avaiiabl_e. The VGA controlier 220 then performs the standard functions

to generate the raster image. Once the raster image is generated, the raster data is



5 that is the data output by pixel packer 170, may be witten into nenory
and the current data and the incom ng data can be conpared using the dirty
pi xel conparator circuit 195 to determine if the data has changed.
Preferably dirty pixel conparator circuit .195 conpresses a nultiple b|t XOR
circuit such as the one described above wjjh respect to Fig. 2b. The
I nformation indicating the | ocations of 16 ‘the pixels have changed,

referred to as tiaRslefred bit otithe VGAtomtroilet chip22ofpixe! byl pixel. tlhen sardpraMeAb| e
dirty region control circuit 200. The programmable dirty qgil on .cont r.ol

circuit 200 anaysteasthisinformation wauldiheso me%eenta'nmgcﬁ oripokue tabje

groups or regio s ster Ir d to the
W ndow syst em MTerwail SaBerefiig srafer it i8R Sor ot Bt WA Bh T

regions have b n&? Hdﬁmrnmﬁié efboBinfd ambi@odmaﬁawaghopwsm rol 200,
the X-Y coordlnate 'imts of the. dirty regions are stored | dirty region

storage nendry ifkdtionthé outpt of the YGAcantrollertabips2R0 isweredically sanwmd alor a

t fromthe f Oy i t h th
Same. merory ohiHnSEiRelad i e eeia oeplrs G 106, Tl KA Bl el ek S 0
20 The program;gaég{y@ Lbﬁﬁo?@bPﬂbﬂg{‘iHsght&ai\% mgﬁﬁrﬁmﬁ&etn%f&r@edo agt of

control paranet 0 analyze t atd and its location in

relation to ondrametdmuredRAMJiontemporary diordge. pi xel data into regions,
referred to as "dirty pixel regions,” according {o its X-Y coordinate
| ocation within the raster inmage. 25 The control paraneters used to

det er m ne tma di rtyﬁé%ﬂbf{gﬁ%%? gﬁﬂf?ffhs\iéhE&mﬂﬂérﬁﬁzﬁiééﬁtﬁé@ﬂ'@y

~vary according to the so optim zation of e system
desired. The Wmdaaraﬂﬁnédﬂbqwemyl.dsosegmdle amcmmmmmeﬁmemnwm@u o/

sl ow=ng down the processing speed of the System  Thus I s desir 3
that the nunberthBVGA eentraliesehip 229, Wmmfwtemq frame ﬁW?%AﬁThe
anount s of dat n
the ™S 05 “overdd REhniSbURED THYRERER s cdiubl 45y Bparel bPupdiRel” 2
desirable to nigithe Z@stéhﬁlagﬁwwﬂayﬁﬁ afidicanbe’ |din?ea§edrorfdbcreaded acddmhngvtcnﬁievm ng
system To optiimize the

15 application outputtlng the raster data to aooommodate applications which

continuously change the raster unag_e and those which change the raster image

less often.

In order to minimize the number of memory cyéles for transferring the raster
20 image from the VGA to the frame capture RAM 190, itis preferred that the pii:el data
is sent in blocks of data comprisirig multiple pixels. Typically the block size is set to
equal the w:dth of the RAM 190 such that one row of data is written during each
memory cycle This is accomphshed usmg plxel packer 170. Pixel packer 170
receives the pixel data from VGA controller 220 and stores the information until the
25 amount of plxel information stored equals the size of the output block of data. The
block pixel data is then output from pixel packer 170 and written to RAM 190 in one
memory cycle. Preferably plxel packer 170 comprises a multi-bit shift register or
latch n-bits long wherein "n" equals the width of the RAM 190 such that pixel data is
_ wntten in RAM one row at a time. ' '
30



speed of the system for exanple, the paraneters which control progranmable
dirty region control 200 can be set such that each region conprises a
single dirty pixel 5 or that any one dirty region is determ ned conprising
all the dirty pixels of the video inmage. Howeygr it is preferred the
programmabl e dirty region control 200 is programred to formdirty regions
whi ch bal ance the advarhegrn®f caphsre IRAM 380 isprefe o) DRAMS Wit el reh@-nicdlifietle
wi ndow system and m ni m zi ng the anmount of video.data that has to be _
trarsferred and prwiesneds enablessushitens\Watamey be eead oot of memopyandwritersintes ed

bomr 56t he el JHRMEHEWtn Shé inartd? pitle o Mk, Y 4 §bls sFe0V 59eine sprrent
(XNVAX), the maxi Nugaisistdted i the DRWM Ha?%b réadieh m ThéincbiMingWEeL1o thé RAM,

"clean pixels horizontally between dirty regions (XCLEAN) and the m ni num
nunmber of cl eanS pi that is thedatacutpuy b pixebpackei 170y may deovristep o Fmeory aMitheand

YMAX [imt th [ f 15 di . ' f t [ This.is t
prevent the t r ansnPugns datansshaincomint Sale gan Preg@pried i he AR o
shape, such as a f&ﬁp%g{o?gwﬁ%% *erirééf‘lf fhB pla)%ﬁhgﬂﬁd??’ﬂete?aﬂgﬁgﬁfz pixel

portion of the screen a sha nunber ofr: imte s of
the screen are aff eshpsratof Bieculti 195r0ompréssas amaultiple bit XOR ¢iftuit Abttaasithé@rigAN

limt the number of regions and thus the nunber of calls to the 20

wi ndowi ng system @@ ¢ pbgve Witresper e Fige Bb The infgrmatien iicating the locatigns of

har dwar e conpr i § ] A Loh:

dat a usi ng ggr; etS ﬁﬁ%ﬁ%ﬁ?@ynﬁ%c@gﬁgﬁé‘fﬁ {s?]%ma "éé?@rl“{?gésta‘ F%Jrs Ye,?l‘;eg& %y be

adj usted accor di ngpidramimable diﬂWﬁgidh;coﬁﬁ&!di@ﬁt 200). Theprogrewphlle idity repioa of
ed i

the—dirty regions may be decreas it is found that the ratio of the
nunber of dirty pi cemtel circuitR00-anglyzas the data tha has beamehanged apd detesmings thee

ion i 1. Furth h be. al ical
Const st ent wi th” t nGrups o Boariecl sR0rtRts CEfEw aRalonst 1 phdrae el g iy inbow
anal yze the video gudtemifolcspiiatihg ﬂi&tdisblaesﬁehhaétbﬁnﬁ@a.! Oricé 119 diety régiond hevebednd

30 determ ne the optinum paraneters, e.g. dirty pixel region size and

nunber of regi dhs, détermined byipiegratamable dirty region cuntrol 2005 theaX Yieoaxlinate dimits of

analyzing dirty pixel ;datile &b Sorod Fbiny rdoibn sior3yé memory 230. Although dirty
region storage memory is shown as a separate memory from the frame capture
RAM 190, it may physically be on the same memory chip as the frame capture

RAM 190 in order to conserve space.

20
The programmable dirty region control 200 uses a predetermined set of
\/ : ' control parameters to analyze the dirty pixel data and its location in relation to one
another and group the dirty pixel data into regions, referred to as "dirty pixel
regions”, according to its X-Y coordinate location witr;n the raster image.
25

The control parameters used to determine the dirty pixel regions that are to
be updated on the display vary according to the sophistication and optimization of
the system desired. The windowing system adds significantly to the system
overhead, siowing down the processing speed of the system. Thus, it is desirable

30 that the number of system calls to the Qvindowi’ng system is minimized. The

amounts of data transmitted between cbmponents in the system also impacts the



charts of Fig. 6a and Fig. 6b. This exenplary process pernits one region

per scan line with the X coordinate linmts of the regions determ ned by the
rightmost and. 5 leftnost dirty pixels within each regi on. The nunbéer of .
scan lines which conprise each region is lijinted to a predeterm ned maxi mum
nunber of scan lines. In addition, if a predéterm ned nunber of scan lines

do not contain gi ' : = ' ' ol e ' "),
the dirty regi Oﬁ#é\/&&l}’rﬁ%é@égﬁgoé%e e?tﬂﬁ%y%@gt #gi}gﬁarﬁ?ﬁg a‘csg?fgﬁ?%b @f'ir"?i;é
pi xel s and a nethecimdunt ot:gataro bé trandferréctorthel wiridowirg system.1To optiriae thence of*

a dirty pixel. The resulting regions after analysis of the dirt i xel
using this procteesd of the syslemlor gxample; the pyamté; whigh.coqtro) WPT%@%P&W ng

of a raster inmage.. ] ' ' ' | ' o4t h
an ' “For pur p I GHiaF 200 bl b s4fun that edth R corlileb indB gt |
than five scgn bt thasanyone titty rogioe issdeteriietcommisingatiahe dinyeixels ofahe video
dirty pixels), the current dirty regionis 15 closed and a new dirty

region i s openeimagecdeweves ittie praferehibe programmablerdirty ragienccantret 30 isgi ons

293, 295, and 298 woul d he.defi.ned. .Ref arr,i he . i g, 6a,
at bl ock 300 thB'%'%lﬁﬁ'eﬁ‘Q%&m@ regians; '?'Jf gﬁ?é%a’“ﬁ%&"é%%?ﬁ%’”ﬁ igfegvcount
s set to zero. J&Mpy aﬁfﬂégii%% Hewinasw sy SemCandfiimibing te SoliMeot ¥deo
coordinate location of current pixel being analyzed, and the dirty pixel
C(r)]unt_ keep;s rﬁcdgt_t thét hdsaprhnrttaﬂls:ceubg(ﬁndtpyoq@sm'?y.ﬁ!zd\'indqwinesmm. fl'gecont rol
the size of the dirty regiaons. the capture of the raster i e at
the begi nni A8 oparamstersdfed 1 Rastral na PRGNS di Tepiof sanirelicigitpreférshly |
the X and Y I . ' e : - t
anot her por i on coiPgsd Y HalifuRtlee 8 B redBHRIRS pofisprial Grbaie (MANTRG O

count er woul d bendximamrsizesinghé vertical COMAKXE thevminimiuinenumberiohtlear gixels 20. At
bl ock 305 the dirty re?i on pointer used to point to the data structure. of

"open" dirty piherzontaliydetween dirty regions GEGL gngdhe minimym pymiar of glean

i ndi cated by the; X, 30 . i t @ - .

bl el i i tty. PP VeriGHhY bpndsu e robionB PR, AMAR RPNIR WA i izt BF

poi nters andscoundify ae(f_icﬁmir PastevimageY, This is1d prevehilie trahEiission ot an entiret r ack
|

the beginning of the dirty region. Thus, the dirty region is defined t|)1¥ a
STARTX, STARTY irastecimagedn thainstapes of &shapeasiehcas &l sgreen cross-hair, which may

extend over a large portion of the screen but only a small number of pixels in
limited areas of the screen are affected. The minimum clean parameters, XCLEAN
and YCLEAN limit the number of regions and thus the number of calis to the

20 windowing system.

Preferably, the programmable dirty region control 200 hardware comprises ase’

state machine or microprocessor which analyzes the data dsing parameters
provided. The parameters may be preset or they ma; be adjusted according to the

25 ftype of application. For example the size of the dirty regions may be decreased if it
is found that the ratio of the number of dirty pixels in the region to the total number
of pixels in the region is small. Furthermore the parameters may be altere&
dynamically consistent with the type of video output generated. The processor may
analyze the video output concurrently \gvith the analysis of dirty pixels and ~

30 determine the optimum parameters, efg_'. dirty pixel region size and number of

regions, for the video data.



the dirty region, and ENDX, ENDY indicating the bottomright hand cornerof
the dirty region. Initially, STARTX and ENDX are set to the current X
coordinate 5 location as indicated by the X pointer, and STARTY and ENDY .
are set to the current Y coordinate |location as indicated by the Y pointer.
In addition, the count of dirty pixels is started by having a val ue of one
to track the total nunber of dirty pixels per gaptur_e' I mge. 10 Once
t he_STARTX, STARTY, ENDX, ENDY paraneters ha\_/'é been..adj usted, at bl ock 320,
the location of the di Anyilusirative processdas analyzing didy pixplhidata isRresanted Indheflew of

a scan-line has b heg. , g esd: [ r ,
at "Bl ock 325, ¢ he ek BFECEs and Fio, Bo (s Shefin Bt dAmAC Bnd BN RESPEE,
row of ..t he capt ur dineagithahe X cooedifatd limits of the rb?iahs determined by thecrghtmost ang
been reached, at 15 block 330 the analysis of the current video inmage is

compl ete. |f atd blleitmosimity pixelp withipreash regien.sTheaumberof sean iraswhiehesmeriseat

Phor emented by oncselBEIPR s ipted 5 adireliab oy Ml e BT fAn ks, da, o
point to the begi nadditibn( if &f gredstérnithechumisdr of Bsar linds do'tft bbmainhﬂk,omélbg.esw

i ne just analyzed. If at block 320 the end of the row has not been 2
reached, then at bscaplingggompras "gleappixeisd), the didylregianowill ibe closed @t therlast scan

i ndi [ h . i xel h i gh h Lxel .| Il ned i
Lo be anaryzed  Ading Gtaihg iy eikeland & ek v forfa il Be drifeliar B AeiEG ' °
whether it is ¢odigdotirBhéddt a difty bixel. f‘l’ Ii(b %Eﬁﬁil}!g Rigiohs attaf afddordte dirf) Pixel

system det erm nes ether the curren ocation ts to the left of the
current STARTX | ocegingthis prbcedsds dlustrated inFig.sS.t Figt Hiis d simplifiefd BAWIRGGE aaaster

bl otk 350 the STARTX ter is adjust th | | he X
Ponnter 1 o iinade Aowing dirt Pixels abdhe sl lasptions Tarked wib aa “KS: Eorpurhases
STARTX, th t bl [ o] i : i
STARTX. .Cen =, 0! Bt s W A6l B B P G Bt ohic a7

currently defined ihgrédi@thretlvisanaican finesii.es ko iy pitdly, the cathentsdirylrdgioniie
equal to the current X location, Simlarly, at block 365, the current Y
| ocation is cohparelgsedandrapew difiregionys ppenss: Aaeprsing tp the abave parameters, three

365. the cur et YITORPARESE 268 ahd 2oF BEe e el Tocai i on. 11 the

current Y location is

Referring to the flow chart of Fig. 62, at block 300 the X and Y counters are
initialized and the dirty pixel count is set to zero. The X-Y counters are used to
20 keep track of the X,Y coordinate location of current pixel being analyzed, and the
dirty pixel count keeps record of the number of dirty pixels and may be used to
N~ ' control the size of the dirty regions. If the capture of the raster image began at the
| beginning of the image, that is immediately after the retrace signal, the Xand Y
counters would be set to zero. However, if the captur\e began at another portion of
25 the raster image; e.g. at the 20th scan line, the X counter would be to zero and the

Y counter would be initialized to 20.

At block 305 the dirty region pointer used to point to the data structure of
*open® dirty pixel region is set. At block 310 the current pixel as indicated by the X
- 30 andY counter is analyzed to de'temiiné whaether the pixel is dirty. If the pixel is
dirty, at block 315, the dirty region pointers and counters, STARTX, STARTY,



bel ow ENDY at bl ock 367 a second check is perfornmed to determ ne whet her
the open dirty region conprises the maxi num nunber of scan |ines allowed
(YMAX). If 5 the open dirty region conprises,the maxi mum nunber. of scan-
lines at block 368 the dirty region is cl ose®nd a new di rty regionis -

2ROy ar e st 1 o ENHRIENGY B £ iniabi nd seditting diheafiy W, FRE BRRY, °"¢
conpri se the mMaxbdibiisdsTAed bpla STARRTX, STARTY in8icarrg tﬁé’ﬂpﬁ\!?afft hﬁn&é&rﬁéﬁ&d to -

be equal to the current Y location. 10 After .the I'im.ts of the region, thaw-
i.s the STARTX, $wendinty regiomandENDXIENDY indicating the bottom tight handicorseeef the

he di JoS. 1 Q6 d he i o d i
returnat ot br oo dlireofi ity STARTR o BN 0% b Ba ciomx SodistEng of
the capture Bas %‘ﬁﬂn B ffdiated %ﬁhbfx @cﬁntbh%& STARTY P END ? dre Bért6 kel NI

Irty, at ocK 375 [

exam ned is not e current Y location 1's examned to
det er m ne whet heurrshEY todrdinate location agrindicated byrthe Y peintaiDin addition, the colnt ¢fe

t dirt [ lus th I Ni cl Y (M NCLEA t that i
S eeer i n the slncablelRsthren LRI FA Sbona i tack e ioial BupRgEoteby |
m ni mrum nunber | i n scan |lines between dirty regions.
Therefore if th 'Xﬁp%%ﬁﬂ}ﬁnﬁeéf%‘f conti nuous clean scan |ines are found

the open dirty region will be closed and any subsequent dirty pixels found
will be part of a newdirty region._Thus if the scan line at the current Y
t

| ocation whildh is cl Ongeths STARDNSTARTECRNDX.ENDY patamaiers have-kesn pdiusted,

M NCLEANY, at 2 L L] | 1 : dirty
region is opened. _bﬁtﬁgéggglg '%095%9%5& xé@%b%g&f ﬁe@%&%ﬂp %P g'eig{ree ‘
increnented to pgnddt d stahiife hay bedn wakhéd Citthiedhd of thee seanditiema baed rédthed, \o/
process continues at bl ock 310, whereby the process continues until the

bottom of the | zaitblack325f therpixel lasatinndsiexaminediio detenmined whethes thedastaoweate
boundares of =450 bblong 853 AR i bt A BRAGR A AR AAOBIRLY .
anal yzing thes  block 330 the analysis of the current video image is complete. If at block 325 the
bottom of the screen has no; been re_ached. at block 330 the X and Y counters are
adjusted such that Y counter is incremented by one, and the X counter is resetto O
whereby the counters point to fhé beginning (leftmost pixel) of the line one line
below the scan line just analyzed. If at block 320 the end of the row has not been
20 reached. then at block 335 a value of one is added to the X counter indicating that
the next pixel to the right of the pixel just examined is to be analyzed.
At block 340 thé next pix_el. is analyzed to deterrnined whether it is a dirty ~
pixel. It it is a dirty pixel, at block 345 the system determines whether the current X
25 location is to the left of the current STARTX location. if the current X is to the left of
STARTX, at block 350 the STARTX parameter is adjusted to the value equal to the
X counter. If at block 345 the current X location is not to the left of the STARTX,
. then at blo,ck.355 it is determined whether the current X location is to the right of the
ENDX location. If it is beyond the region as eurr_entiy defined by ENDX, then at
30 block 360 ENDX is adjusted to. be equal 16 the currenf X lbcation. Similarly, at
block 365, the current Y location is compared to S_TARTY ﬁnd ENDY to determine if



dirty pixel data and the dirty pixel regions have been forned, an interrupt
si.gnal is sent to the CPU through the bus 230 to notify the CPU that there
is data to be output to the windowi ng system,.The CPU then reads the dirty.
region information 5 containing the XY boutari es of the dirty regions

{hr ough commnds shif W Mo 88 ¥ Bedndals BPYABFRph By touiBf oo Gyl spe. 6°
cor kespondi ng fr angurféhd YubEatiBAN eomimird@eSthe ENDY BLatibnt thé Ba#révit YdREionié hi n
t he boundaries of the region. In response to the nenory read regions, the

raster.-data i s out pelowtBNRY ghbloek36%,8 second;check is:nedotraed t9 determine whetherihe
the b 230 to the w ] t hy the w ndow ng.

the datawithin t hebtl A0 o eomRes i mamiuin, thrdbef ol Sealt isé anpwes FYNARE
ewi ndow of the gi sgeaghen\direyrebion damﬁﬂkesﬂﬁbanaﬁmﬁ@aﬁgfbw %ilaa nﬁa@gﬁgxsapsw e

RAM the data is output 157along bus 240 to the l.ookup table in
interface | ookup t thsldirtydegionl is closed aod aumnewtditly eagianiis openent whardby SSAREXch

pi xel is converted he proper rgat acce I y t i, ndow ) e
T i s done by a END are sBL paliRp X epuatet Aho BRaRes ant el At se: Betil g
fromthe franme cap ,R/)Nh teB&ioh h& okhibri LrRiRuR b BHE
the code read from- rg?'i n g)%gg?‘?g'gartaﬁgn.%ﬁ gg;gwp%%ﬁei@%lﬁg gﬁ@é gatc;ani S
20 represented by lineslatibidck @70ENDY isradisted3a tHecsquat todhe eurrem & ibbationt ndowi ng
systemrequires_an 8-bit code, the | ookup table charges the code froma
4-bit code to éocorrpati ble 8-bit code. Preferably the col or |ookup table
conprises two identical 24! ' i

Thiis is to accommodat e ‘t\ ég%@gﬁéﬁﬂgﬁg‘ﬁﬁ%ﬂ]ﬂt heﬁﬁ%’ %%WWSNDY

whi €h i s transm tt pdranietérsihadvietbepn adjusiti asi mecessary fHaudiny\bmimt ishincreased for the
I nterface/color |ookup receives 8 bits of raster data correspondin? to two
pi xel s, the | ower Z4egien and fhgdrogess returmsitp Hlock 328 wherolhg StepsiAre repaated.again

hi gher 4 bits index translate the raster

data. Wiile the i mygﬁlﬁlh%Eﬁ%§§ﬁ§e%gﬁiugéé§%§$9%egﬁe§%ﬂegonj unction with the

preferred 30 eqgodi nent, it is evident that numerous alternatives,

nodi fi cations, variations and uses w I41 be agparent to those skilled in the
e

art in light of the for#gbblack 3¢ktheicutrealpixel being eyamined is ot dirty. atblock g&nthe
that the VGA interface cribed nmay,al,so be used.,in cqonjynction. wi th ofher
vi deo systens i ncl EHFﬁﬂfc@ S 's\ﬁﬁ?%'weﬂi° Hﬁ'P"B'P&"fh&ﬂ‘ef &Hgloca SR is'réalerthd

the ENDY location of the current dirty region plus the minimum clean Y

(MINCLEANY) parameter that is preset in the system. The minimum ¢clean Y
20 parameter provides the minimum number of continuous clean scan lines between
dirty regions. Therefore if the minimum number of continuous clean scan lines are
" : found the open dirty region will be closed and any sut;sequent dirty pixels found
will be part of a new dirty region. Thus if the scan line at the current Y location
which is clean is currently greater than the sum of ENDY plus MINCLEANY, at
25 block 380 the open dirty region is closed and a new dirty region is opened. At
blocks 385, 390, 395, 406, 405 the X,Y counters are incremented to point to the
next pixel Idcation to be examined and the process continues at block 310,
whereby the process continues until the bottom of the last row of the capture has
been examined. This coordinate boundaries of each dirty pixel region is
30 transmitted to the windowing system.



wi ndowi ng capability. In addition it is evident that the VGA interface may
be adapted to be provide a systeminterface for other video adapters such
as the EGA 5 and Hercul es video adapters. - 19 - CLAIMS 1. fn a
conmput er graphics systemfor the generatigp and display of raster data

| mages conprising a central processing unit (CPU) coupled to a nmenory
means, said CPU furt@nece theiprogrameabiedditty repiah eqritmy 200 hasfidishied draly¢ingthay of
a raster data inmnge, said raster data_ inage conprising a plurality, of .
pi xel s, each pi S Aoeal Aeteranscth, dirkyixel togiafs; RAVR Deen fosehed; & InaTTupt HiopRids
.raster data im loy L, hSt r data
I.mage in real t?%‘%H(ﬁ?ﬂqgoﬁagg%égag%gﬁ&f@ gf@%%%ﬁ?%éé@%tion I n

the -second rast eitptitfothé Wiritidowirsg Sysraat.r Fhe CPLEthen reids atie ﬂihﬁ regisrtintdrmation’
coordinate location in the first raster data i mage as each pixel of the

second rasteb deoutainingghe XY bevnslesies af the girty regions (B TARN. ISTARTY, ENDX, eps of :
witing the fir ster data Jmae.into nor. uch.that each pi xel ta
representative E{N[gﬁrﬁ &seﬁﬁheabwgﬁ%?se?frﬁaﬁﬁ599@/'?{%0'88? &F%&Pg W@Bﬁf’?ﬁﬁeﬁﬁﬁ he
| mage 1S writteghd ﬂrogfa?tﬂﬁitﬂé QiryTegiaR EBhtrol 1206 Athb ¢Birespmaing fhecdpiure RAlat 2
of the second i nmage Dei ng generated said pixel data representative of a

pi xel | ocated afocatispeeontainingthé raster datacwithin thedouodarias of tiwe regioondnr ast er

data i mage: reading the first raster data jmage sjored in nory . t
retrieve pixel dBAPNERIG10E MAMAT gad eqions,the rsier s Si0utRUt frSUatha b | mage
-at ‘the specipi Ciffaacesable lookup 210 onto the bus 230 to the windowing system, whereby the -

C:

windowing system massages the data within the dirty pixel region and outputs the
data to the proper window of the display. '

Whe{n the pii:el data is read from the frame capture RAM, the data is output
15 along bus 240 to the lookup table in bus inte_rfaoe Ilookup'table 210. Inthe lookup
table, the color code for each pixel is converted to the proper format acceptable by
the windowing system. This is -done By a simple lookup table wherein the current
color code output from the frame capthre RAM indéxeé the location in the table and
outputs the code read from that indexed focation. In addition, if the pixel data is
20 represented by a 4-bit code, such as VGA f_ormﬂ data, and the windowing system
requires an B-bit cod_e. the lookup t_abié changes' the-odde from a 4-bit code to a
compatibie 8-bit code. Preferably the color lookup table comprises two identical «/
lookup tables each indexed by a four bit number. This is to accommodate the
incoming data from the frame cépture RAM 190 which is tranémitted inad bit/pixel
25 format. Thus when the bus interf&e/oolor lookup receives 8 bits of raster data
| 'dorresponding to two pixels, the fower 4 bits index to the first color lookup table and
the high_er 4 bits ind_ex to the second lookup table to translate the raster data.

While the im)ention has been described in conjunction with the preferred
30 embodiment, it is evident that numerous alternatives, modifications, variations and

uses will be apparent to those skilled in the art in light of the foregoing description.



coordinate |ocation; inputting to a conparator circuit the pixel data read
fromnmenory and the pixel data of the second raster data inmage received,
and if the conparator output indicates that the pixel data read from nenory
and the pi xel data of the second raster data inmage are not the sane,
recording the identification of the X-Y coordinate |ocation of the
-20- pixel data to indicate that the pixel data has changed. 2. The
nmetod of claim1l wherein the first raster data image is an inage
representative at a first time period and th? second raster data inmage is
the image representative at a second tine pé€ §-0d subsequent to the first
time period 3. in pAiRuBPh Nélidin Hatitie VaNT6ica deBErbedrady aga)buruedd s @
radar i mge. 4. claim 2 -wherein said

captured is a digi toonwdctmmlmti't oﬂlagwadeﬁsystems mEludmmsvﬁems(vihlcﬂdm notlprb\ade forra

conprising the stepg of: after the pi data raster data

image is read fromWiBERYIDG capability, gin; '“BP)Fé? 98!&?’3 that “E%Q&EEGHBC? &Y o8 data
i mge received int Qs t
X-Y coordinate | ocat | gﬁ V\g ?r ﬁ?gﬁtﬁ;ﬂ éae‘ac&gn 'aértgg{ve“?éyd%t nggém?%me A
conpl et el y generSat eahdaiercales video adapters.dat a of the first raster data i mage

are read fromnenory and conpared to the pixel data of the second raster
data inage, the menory is updated to contain the pixel data fromthe

»
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second raster data inmage such that the second raster data image can be
read fromthe nenory and conpared to a third raster data
|nage he nmet hod of claim5 wherein the first raster data image is ..
mg ntative at a first tinme period and the second raster data
\m e represent ative at a second tinme period subsequent to the
i r St flme peri od. C L M S * -21- 7. The met hod of
claim5 wherein said nenory is a DRAMw4h a nenory read-nodified-wite -~
node enabl ed such that pixel data is read fromand witten to a specific o
menory | ocation in one nenory cycle. €@WAIMS The method of claim6 further
conprising the steps of: analyzing the X-Y coordinate |ocations of the

pi xel data that have chan ed to grou cha i xel s |nto raphi c
regi ons; andupdat i P the ?%B‘f%?lg %PPQ%@ n&?ﬂ'aﬁ%‘ﬂ ‘Eﬁq@bf neans
\év: tS BI ; Ce n::czmml daspmaﬁdotfa ﬁasiggr antﬁpdam;ggtsoubmprlisdggr &gi cantrdl t he

In a conp[ﬁr&é)ééggﬁp |§:hs"€i"q &ﬁﬂs é?%#fg?hggg?ng#%?o%g an%q‘(fo %?dof
raster dataGPi&gSs\r&b#p‘rllmirgg aceunied| qmo%es&swéwhumeﬁmuﬁoco@ed to a

menory Wa”%ﬁé’éﬁafp&f W At it dike 4 O3 iRAge, tQaﬁddﬁ@tﬂ' e {migé e
di splay of a rast data i ma

sal d raster data i nage [l Si
plurality of€ gi n‘éaﬁhp?ﬂgﬁFFFYe&falp 1%,y eash R nf fg#ie% thin

the raster c#taan X-Y coordinate location within the raster data
image, a method for comparing a first and a second
raster data image in real time wherein a pixel at a
specific X-Y coordinate location in the second raster -/
data image is compared to a pixel at the specific X-Y
coordinate location in the first raster data image as
each pixel of the second raster data image is generated,
said method comprising the steps of:
| writing the first raster data image into memory

such that each pixel data representative of a pixel at a
predetermihéd X-Y coordinate location in the image is
written to _p.fedetermined memory location;

receiving a pixel data of the second image being
generated said pixel data representative of a pixel
located at a specific X-Y coordinate location in the
second raster data image:

read:mg the first raster data image stored in
memory to retrieve pixel data corresponding to a pixel
in the first raster data image at the specific X-Y
coordinate location,

inputting to a comparator circuit the pixel data’
read from memory and the pixel data of the second raster _
data image received; and

if the comparator output indicates that the
pixel data read from memory and the pixel data of the
second raster data image are not the same , recording the
identification of the X-Y coordinate location of the
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| mage, an apparatus for conpanying a first and a second raster data inage

in real time wherein a pixel at a specific X-Y coordinate Ioea%Fvn H-the
second raster data image is conpared to a pixel at the specifi

X-Y
coordinate location in the first raster data i mage as each p|>1 ‘“lf :lﬂ' “l “|“|
second raster data image is generated, said apparatus conprisi
witing the first raster data imge into nenory such that each dat'a -
reQLesentatlve of a pixel at a predeterm ned X-Y coordinate |location in the

image is witten to predeterm ned nennry‘PSCatlon ‘nmeans for receiving a
pi xel data of the second * C * -22- inage being

generated, said.pixel._ data representativ a
specific X-Y cgéga ngFgalggafﬁg cFﬁet%bageggﬁdpg ie?agﬁt aFnﬁ 3ngﬁ§ans f or
reading the first raster data inage stored in nmenory to retrieve pixel data

corresponding 5o A Pl xghel Rdtid 1P ciaRCL eI el B SpEGLLLS XY

coordi nat e Iocatlon a CO arator CcCIlrcul recelves as | npu
conpares the pRRER daqaaeea% RRofmAGR I epFREentabive| atlaga i)irsﬂhetsmeond

raster data i NpaeibaceanEithanGeBuHE faétéfcara@hnglﬁébee | dantdrd Cghaga of
mcatethatthe

the X- Y coordinate Io ,on of the ata to,i |er
data has chang&§P FFSF éﬂﬁaP&tﬁrSSEPﬂattgﬂﬁl93?@9 t fabsequent e Hg
read of menoryfdmett kdmeoperdpdndi ng pi xel data fromthe second raster data
i mage are not the sane. .

3. The method of claim 2 wherein the image captured

is a radar image.

4. The method of claim 2 wherein said image
captured is a digitized video image.

S. The method of ‘claim 1 further comprising the
steps of:
after the pixel data of the first raster data
image is read from memory, writing the pixel data of the
second raster data image received into the predetermined
memory location corresponding to the X-Y coordinate
location wherein after the second raster data image is
completely generated and all the pixel data of the first
Y raster data image are read from memory and compared to
" the pixel data of the second raster data image, the
memory is updated to contain the pixel data from the
second raster data image' such that the second raster
data image can be subsequently read from the memory and
compared to a third raster data image.

6. The method of claim 5 wherein the first raster
data image is an image representative at a first time
period and the second raster data image is a image
representative at a second time perlod subsequent to the
first time period.



10. The apparatus of claim 9 wherein the first raster data image is
m“mmﬂj“"mmﬁmgt ative at a first time period and the second raster data
[ [ e representative at a second tine period subsequent’to the -

first tinmt period. 11 The apparatus of claim 10 wherein the image
captured is a radar image. 12. The apparatus of claim 11 wherein said
I mge captured is a digitized video i mage. 13. The apparatus of claim?9

further conprising: means for witing the pixel data of the second raster ~
data image into the predetermi ned nenory |location after the pixel data of o
the first raster data inmage is read fromhenory, wherein after the second
raster data * C L M S * -23- image is conpletely generated and

all the pixel data of the fjrst raster, data inage are,read from,nenory and
conpared to t*he cor r%o’ﬂﬁ%ﬁgpf’fef" Gé'f"aaéofmf%gg%cﬁﬁadr BEPEFYyada # nage,

the menory iDRAMOEIt 4 onemotyi reddrongrl idd edionzite anoddicenalobed susher data
I mge such t C r _ t lﬁra%ﬁ cans. uly s d from
the nmenory a %oﬁ%ﬁ?gda?gaa.qt%%e ra%f%r a?aalgﬁggg.ﬁ ﬁql%ﬁ'ﬁlefg%par at us
of cl ai m 13 mémoxry nle¢ation sin rone drempry, ¢G¥@R- i s an i nage representative

at a first time period and the second raster data inmage is a inage
representative at a second tine ent. to the first

eri od subse ti eriod.
15. The &ppar at UEh®f method 1§fvv|‘r'é"raeii"h gaf]ﬁ“?'@ﬁﬁycf’g‘_l’ris’-ng the

steps of:
analyzing the X-Y coordinate locations of the
pixel data .that' have changed to group the changed pixels
into geographic regions; and _ s
updating the raster data image displayed on the
display means with the second raster data image by
updating only those regions of the display means
corresponding to the region containing changed pixels.

9. In a computer graphics systems for the
generation and display of raster data images comprising
a central 'processing' unit (CPU) coupled to a memory
means said CPU further being coupled to a display means
for the display of a raster data ima'gé , said raster data
image comprising a plurality of pixels, each identified
at an X-Y coordinate location within the raster data
image, an apparatus for companying a first and a second
raster data image in real time whérein_ a pixel at a
specific X-Y coordinate location in the second raster
data image is compared to a pixel at the specific X-Y
coordinate location in the first raster data image as
each pixel of the second raster data image is 'ge-nerate'd,
said apparatus comprising:

means for writing the first raster data image
into memory such that each data representative of a
pixel at a predetermined X-Y coordinate location in the
image is written to predetermined memory location;

means for receiving a pixel data of the second



L] * . ® *°
a - - - e

a DRAMwith a nmenory read-nodified- wrlte rmde enabl ed such that pixel data
is read fromand witten to a specific nenory location in one menmory cycle.

16. The apparatus of claim 14, said apparatus further

means for analyzing the X-Y coordinate |ocations of the pixel ﬁmmmnm"m""
have changed to group the changed pixels into geographic reglons

nmeans for updating the raster data inage displayed on the di spl ay

means with the second raster data i nage by updating only those regions of

t he~di spl ay neans corresponding to the regg2ns contai ni ng changed pi xel s.

17. A method for interfacing output generated by a video graphics

adapter to a graphics display systeminconpatible with the video graphics
adapt er, said \i®pge being generated, ) said pixel data grepresentatiste of

generating a r aptpixept fobavas hk %hE' %@hcfﬂa&ak-&ndzo%%irﬁr@m&c%ﬁmw ay
systemreceiv ta ijmge in a second format, said

I | nput a_raster
raster data i maf'gé econg ’Eﬁ%‘l’%’r’l atays “f:ﬁggeﬂ s, each pixel identified at
an X-Y coordinate | ocatmeansi €oin ﬁé&ﬂirfgaStRe fdrst rastger datd r]mdw

for interfaci df|
format generat er%cgloé?hiéé %éo%r%%%% ntadoé“':%%o"#k% @ach
pi xel data reprasphxaliin they finat ms@mrm eimagedak- th@o(ﬁmim:e:
l'ocation in thexlyBgSor@inhtd t EocdidnPr €determ ned menmory |ocation,

a comparator circuit which receives as input and

compares the pixel data read from memory and the pixel
\ data of the second raster data image received; and

| means for recording the identification of the X-
Y coordinate location of the pixel data to indicate that
the pixel data has changed if the comparator output
indicates that the pJ.xel data read of memory and the
corresponding pixel data from the second raster data
image are not the same.

10. The apparatus of claim 9 wherein the first
raster data image is an image representative at a first
time period and the second raster data image is the
image representative at a second time period subsequent
to the first time period.
o '

11. ° - The apparatus of claim 10 . wherein the image
captured is a radar image. h

12. The apparatus of claim 11 wherein said image
captured is a digitized video image.

13. The apparatus of claim 9 further comprising:
means for writing the pixel data of the second
- raster data image into the predetermined memory location
after the pixel data of the first raster data image is
read from memory, wherein after the second raster data



recei ving pixel data of a second raster data inage a pixel at a tine
l nmml"mmlm)m"ll cs adapter, said pixel data being in said first format
! t he vi deo gr aphi cs adapt er and representative of a

pi x&l at " Spedific X-Y coordinate location in the second raster data

I mage,

of the first

from

said second raster data i nage generated subsequent to said first
raster data i mge; reading pixel data froma predeterm ned nenory | ocation
representative of a pixel of the first raster data inmage at the specific - 3
X-Y coordinate location: inputting to e3onparator circuit the pixel

raster data inmage read from nmenory and pi xel data of the
second raster data_ i mage received fromthe video _graphics adapter;

data'!'/

i f the -

pi xel data oimage is cempistelydgeneratgd ABddaddothendifalhdatth Pt he

pi xel data ofhd heiyatonchdtst chatal dndGcaraCyiead £¥oM) memorydethdr aphi cs
not the_sane, StQI‘Iﬂ%'the&j?entlfIC ti,opn of _t X-Y coordi nate

adapt er

are

| ocati on of
data of the fastsérrdaatar isage,i thec memoriye ijs updateid: td cdretaiar drhie

raster data

I mage

into

GoRPRT SR | TP, thigyi TR EPIHAR

ne pixet fdatacef, 1R %e pi xel

- 25-

' : Lti t [ ta..

RAREF, albh (30n ¥he Sbcold facke! b dadts AR (B D
to the X-Y cthedsesond orstem datahdmager c2apnbensuliseguentiheread st
raster data ¢pggeierd afahstyNnGard ecBinpatedaltto Ar RiFE yaeted (dd€a

image.

14, The apparatus of claim 13 wherein the first
raster data image is an image representative at a first
time period and the second raster data image is a image
representative at a second time period subsequent to the
first time period.
15. The apparatus of claim 13 wherein said memory is
a DRAM with a memory read-modified-write mode enabled
such that pixel data is read from and written to a
specific memory location in one memory cycle.

16. The appératus of clainm 14, said apparatus
further comprising: ' .
' means for analyziﬁg the X-Y coordinate locations
of the . pixel data that have changed-to group the changed
pixels into geographic regions; and -

means for updating' the raster data image
displayed on the display means with the second raster
data imége by updating only those regions of the display
means corresponding to the regions containing changed
pixels.

17. A method for interfacing output generated by a.

video graphics adapter to a graphics display systenm

incompatible with the video graphics adapter, said video-



raster image which has changed, fromthe first raster data format to the
second raster data format; inputting the translated pixel ﬂat&to the ——

graphi cs display systemin the second raster data fornmat co tible with

t he graphics display systemfor output to the display rreans waﬂmnﬂun
portions of the display corresponding to the |ocations of t

have changed with the transl ated pixel data thereby updati ng the di spl ay

fromthe first raster data inmage to the second raster display inmage. 18.
The<net hod of claim 17 further conpri si ng2#étre steps of: once the second
raster data i mage has been conpl etely generated anal yzing the |ocations of

t he pixels that have chan ed to group the chan ed pi xel's into eographl C
regi ons wi t hi n SERPhics EHT'ﬁr %@g@r gﬁé 9‘& |é-mP § oHd Bf

pi xels fromt heﬁ&fsmrtbm edndlogaid rrggspmest d&splayedyeadml lﬁ'pu'eﬂrdnb'he

T 510 8 HanfaEl eomated. S InRSR0MT AL Tanrohe cPepbab. meRid’ o

t he di spI ay of rasttexr data image, comptisidngepliutad iityngef bpmglsn &aghcond

raster data | P! #8ntR1dadiath! &y ﬁeen}aumr@eéﬂglacéuéa Withih
S * = 7Jb- da sal raster data | hage conmprising a
plurality of pithe s,riﬁsﬁm’-’ p| i dander | ERig Ae c8exdi Antertascingon

Wi thin the i magompdisimps at us for updating the
writing a raster data image in said first format
generated by the video graphics adapter into memory such
L that each pixel data representative of a pixel at a
predetermined X-Y coordinate location in the image is
written to a predetermined memory location;

receiving pixel' data of a second raster data
image a pixel at a time from said video graphics
adapter, said pixel data being in said first format
generated by the video graphics adapter and
representative of a pixel at a specific X-Y coordinate
location in the second raster data image, said second
raster data image qenerated subsequent to said first

raster data image;
reading pixel data from a predetermined memory
location representative of a pixel of the first raster
s data image at the specific X-Y coordinate location:
' inputting to a comparator circuit the pixel data of the
first raster data image read from memory and pixel data
of the second raster data image received from the video

graphics adapter;
if the pixel data of the first raster data image
read from the memory and the pixel data of the second
raster data image received from the video graphics
adapter are not the same, storing the identification of
the X-Y coordinate location of the pixel to indicate
- that the pixel has changed from the pixel data of the
first raster data image to the pixel data of the second



display nmeans with a second raster data image in real time as the second

r=as

being generated in a first raster data i nmage format

I nconpatible with a second raster data inage format, said apparatus
a first nmenory neans for storing the first raster data inage in
the first format; means for witing the first raster data imge into the - -

conpri si ng:

first nmenory neans such that each pi xelaglata representative of a pixel

predeterm ned X-Y coordinate |ocation in the image is witten to a
predeterm ned nenory | ocation; neans for receiving the second raster data

i mage as eactagstierrlidata ghwegest ed by the vi deo graphics adapter,

sai d

k ' IS generated by a video graphics adapter, said second
”ﬂﬂ!@ﬂ" a@"jmg bei ng generated by a video graphics adapter, said second
LC )

at

second raster dat i%i 3/:ggn iqgeeld ég@ge%t%g{ _-wesgggoé%i;:ﬁﬁaga&a&aer dat a

| mage, each
specific X-

reading pi xelodkXfor®f WHEchi I Horraspdnds B f ekt ha-i I dodRifatdeans at

d | t di n th | f -Y
1REATIAR 4 BRA-FAFERoRPRALRY RAREN dBmERELEINRE Famteriat o

data generated for the second raster data

a predeterm
coordi nate

read from t datendmagend pi xel

| xel data el ng represen ive o

atar dnage (1ate | msmpryt hatscthed predekexmined ngrgmonbans f or

i mge to determ ne Wélj;ﬁqaémg p&ﬁ?Ia%{}gersl c&w’eqfaé{@r@ﬁéﬁeséééﬁ%%gg er data

i mage to the - Secon

-regions on the display.

raster image which has changed, from the first raster
data format to the second raster data format;

inputting the translated pixel data to the
graphics display system in the second raster data format
coﬁpatible with the graphics display system for output
to the display means; and _

updating portions of the display corresponding
to the locations of th;'pixels which have changed with
the translated pixel data thereby updating the display
from the first raster data image to the second raster
display image.

18. The method of claim 17 further comprising the
steps of:

once the second raster data image has been
éompletely generated analyzing the locations of the
pixels - that have changed to group the changed pixels
into geographic regions within the raster data image;

wherein the geographic regions of pixels from
the second raster data image are translated and input to
the graphics display system for updating the geographic

19. In a computer graphics system comprising a |

display means for the display of raster data image, said

raster data image being in a second raster data image .

format, said display means displaying a first raster

o
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-27- a second nenory neans ‘for storing the identiH+eation-of-the——
pi xel location to indicate that the pixel has changed fromthe first raster
data image to the second raster image, if the pi er dat a iﬂmmllﬁnmﬂmullll
first ‘menory neans and the correspondi ng pi xel data gener

second raster data inage are not the sanme; neans for translatlng t he pi xél
data, generated for the second raster data i mage of the pixels which have
changed, fromthe first raster data format to the second raster data
format; and neans for inputting the transt2f=ed pixel data to the conputer
graphlcs systemin the second raster data format conpatible with the
conput er graphics system for, output to t he di spl ay negns; whereby the
conput er gr aphidatainage said Laske a(‘ﬁ?e%?nﬂﬂ%%zﬁwfl raﬂty
COffezpondit ng te¥ tbﬁx&hﬁng&dﬁ Xpi:;iﬁ]w ﬁaehhﬁfiéanskatad m—xelcd&tﬁﬁﬁam t he
second raster | e. e appar.atus idn. 1 t.he

conpri si ng: 2’: ‘T’im'ﬁ wb‘l'?l}%'? Ehy 19Rd 'ec%hc?‘?pzfgrtaetr% g:f %ﬁﬁ%aet e Heen
gener at ed, rreard;lépﬂ:a;annégnsnglirdlne a osetond vhster data simage Haveeaianged
to group the c Jal! ¥RES delohdd SUUAUD! dataP Oiile Ols' BEnbdaten 94! a

i mge; wherein the geographics regions of pixels are tra Fated andt

pi xel data are Yiiee gFaphdcgopsiaRkery ofaids serondn ragtenqdatag 1mage

geogr aphi c regipatnggéhérdtsd! By atvideo raphicsl it Atswidfsedaridn 20

wherein the means for n I
raster @ayfxlnagecb r Sgeesngrateaé in C@lrst raster data
image format incompatible with a second raster data
U image format, said apparatus comprising:

a first memory means for storing the first
raster data image in the first format;

means for writing the first raster data image
into the first memory means such that each pixel data
representative of a ‘pixel at a predetermined X-Y
coordinate ' location in the image is written to a
predetermined memory location;

means for receiving the second raster data image
as each pixel is generated by the video graphics
adapter, said second raster data image generated
subsequent to said first raster data image, each pixel
data received being representative of a pixel at a

o specific X-Y coordinate location in the second raster
data image; _

means for reading pixel data of the first raster
image from the first memory means at a predetermined
memory location corresponding to the specific X-Y
coordinate location;

a comparator clrcuz.t whzl.ch compares the pixel
data read from the memory and pixel data generated for
the second raster data image to determine whether the
pixel has changed from the first raster data image to
the second raster data image;
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the nmeans for aIyZ|ng conprises a mcroprocessor. 23. The appar at us
Hmnﬁnm Hﬂt‘ ein the video graphics adapter is a Video G aphics Array
di splay systemis a w ndowi ng system 24. The
apparatus of claim 19 wherein the conparator circuit is an exclusive OR

circuit.

identification of the pixel

25.

The apparatus of claim 19 wherein the

changed conprises the nmenory | ocation tRg-pi xel data was witten to.
The apparatus of claim 19 further conprising means for witing the second

raster data inmage into the first
data representative &f asecesfl a

26.

menory means such that each pixe
atmemepyci fmeans Y dwor di milrgcat the in the

second rast e4qdat3 £iBRIToNS JF | ERN dikd1C1BERELER! Eeh SEhIBENY Ry Lagat i on

for the specific X-Y _coordinate

Ion I n

pi xel data thFhGQﬂQ¥nh4%w?E@n@§@afFﬁﬁgém%sﬁ%ﬁﬁ?f#Qﬁﬁ%ﬁedﬁtédé@égﬁlned
menory | ocat tentm igeeond &tagwmrmarwsu 2the pixérileaaaaai-aaas £2bmc! ai m

t a wth
EReC Tt BARSTY GRS P ERE |EPTERREPIRLES. BI*PhodrERs:
raster data gemgrated lfon cche f secondnpagtenddaitaclimajen axfe t hotsehend

26 wherein t
t he read- nod

raster

data Lgn
The apparatus 0

- 21, The apparatus of claim 20 wherein the means for

‘cl ai m 26 wherein the neans for .
means for translating the pixel data, generated

for the second raster data image of the pixels which
have changed, from the first raster data format to the
second raster data format; and-

means for inputting the translated pixel data to
the computer graphics system in the second raster data
format compatible with- the computer graphics system for
output to the display means, _

whereby the computer graphics system updates
portions of the display means corresponding to the
changed pixels with the translated pixel data from the
second raster data image.

20. The apparatus of claim 19 further comprising:

once all the-pixels of the second raster data
image have been generated, means for analyzing the
location of the pixels that have changed to group the
changed pixels into geographic regions of the raster
data image; '

vherein the geographics regions of pixels are
translated and the pixel data are input to the computer
graphics system for updating geographic regions on the
display means. '

analyzing comprises a state machine.

%e can be witten into menory within one nenory cycle.

28.

* -28- 22. The apparatus of claim20 wherein

| ocation stored to indicate that the pixel has -

o

ter the

*
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-29- translating the pixel data that have changed conprises:..neans-fer-
reading fromthe second nenory neans the identification of X-Y coordinate
Focations which indicate the pixels that have changed; mmllmllmlug '
fromthe first nenory neans the pixel data of the second !

at the predeterm ned nenory | ocations corresponding to chaﬁgea Hixglssas
identified by the neans for reading the second nenory neans; and a table

| ookup means which provides a translajdon between the first raster
data format and the second raster data forffat, wherein the pixel data read
fromthe first nenory neans is input to the table | ookup neans and the

translation is pytput TRE hPGatabhs bfogmgfméaswh@&e&ap%et ol CEUBOUL er

graphics system 29. | The appar at us, o aim19 further conprising a
timng circuit apa LYz iRg cFOBRY 180 A RiGFRPRRGRRF i ng signal s fromthe
vi deo graphics adapter and synchroni zes the reading, witing and conpari son

of pixel data. : e appar.at.us. of .cl ai 9 fdr NPLLST NGk i xe
packi ng nmeans f%$ recei'-&?ﬁg %ngr&ltas oﬁ’g p%g%&dajtdja, m??ilgig't o{r:'fé%er\gls‘fézae( of
\me plbxel hpackiggaphiaos cadaptmndisngat oVidelo h Gxfaplties | Avrayenang s,
ereby the pix LN oLelyes, pl | e contents of
the pixel packiﬁi‘gaﬁggéé ?%gﬁﬁ %ﬁ%@éﬁﬁzéﬁ%n%&%%&%?é@he pi xel
packing to the first menory means in one menmory cycle. 31. The
apparatus of clgym 30 V\@ﬁéeh?ﬁéﬁaﬂuélHf”@l&iﬁcmtwmﬁé’ildeﬂmé heompaFd tor

| ocations the pixel data of e iaster &ta.lna e are witten to.
circuit is an exclusive circuit.

25. The apparatus of «claim 19 wherein the

identification of the pixel location stored to indicate
that the pixel has changed comprises the memory location
the pixel data was written to.
26. The apparatus of claim 19 further comprising
means for writing the second raster data image into the
first membry means such that each pixel data
representative of a pixel at a specific X-Y coordinate
location in the second raster data image is written to
the predetermined memory location for the specific X-Y
coordinate location in the raster data image after the
\_ - pixel data of the first raster data image is read from
the predetermined memory location in the first memory
means. ~

27. The apparatus of claim 26 wherein the first
memory means is a dynamic random access memory with the
read-modified-write mode enabled such that pixel data of
the first raster data image can be read form memory and
pixel data of the second raster data image can be
written into memory within one memory cyclé.'

28. The apparatus-of claim 26 wherein the means for
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translating the pixel data that have changed comprises:

means for reading from the second memory means
the identification of X-Y coordinate locations which
indicate the pixels that have changed;

means for reading from thé first memory means
the pixel data of the second raster data image at the
predetermined memory locations corresponding to changed
pixels as identified by the means for reading the second
memory means; and _ .

a table 1lookup means which provides a
‘translation between the first raster data format and the
second raster data format, wherein the pixel data read
from the first memory means is'input to the table lookup
means and the translation is output from the table

lookup means for input to the computer graphics system.

29. The apparatus of claim 19 further comprising a
timing circuit which receives as input the video timing
signals from the video graphics adapter and synchronizes
the reading, writing and comparison of pixel data.

30. The apparatus of claim 19 further comprising
pixel packing means for receiving at least one pixel
data, the storage size of the pixel packing means
corresponding to width of the first memory means,
whereby the pixel packing means rece}ves pixel data
until the contents of the pixel packing means is full
and writes the contents of the pixel packing to the
first memory means in one memory cycle.

31. . The apparatus of claim 30 wherein said timing
circuit provides the memory locations the pixel data of
the raster data image are written to.

32. The apparatus of claim 19 wherein said-
translating means comprises a colour lookup table.



