WO 02/19311 PCT/ US00/ 35659 1 METHOD AND APPARATUS FOR VERTI CALLY LOCKI NG
| NPUT, AND QUTPUT VI DEO SI GNALS BACKGROUND OF THE INVENTION 5 1. FIELD OF
"THE I’'NVENTI ON This invention relates to the field of analrﬁfgr and dlgql t al
Ral prow@IRi1Pd!l and nore specifically to circuitry a for
Wi di ng switchi ng, scan conversion, scaling, and processing V\/nere t he
tput frequency is different from the i nput frequency. 10 2. BACKGROUND
ART Swi tchers are a neans of connectihg an |nput source to an output device
or a system Typically, a switcher allows user to provide an out put
derived froma seiESEeR @HDb%’tPWﬁsrﬁ?PeV‘%RH%t%ﬁe"qc % nal source or
connector type. Furthernore, ANar¢@EYT WIPEX SIFNAR t cher s have vari ous
conponents, capabilities, 15 options and accessories. 2.1 Gaphics .
Envi ronnent For digital d| splay technol ogies, a Graphics Switcher (GS) is a

device that enables nulti 16121020) ’I‘i’{'@m" NTESNt signals to be
sel ected and sent to 20 varrous Selrecred outpurt devices, such as
presentation displays. Figure 1 illustrates a typical graphi cs environnent

show ng various pieces of digital display technology connected by a
gr aphi c$ svii.t ch@ELDIORTER INNRNTIO enbodi nent of the present

i nvention. SUBSTI TUTE SHEET ( RULE 26) WD 02119311 PCT/ US00/ 35659 Hence, a
graphics switcher 100 al |l ows source signals derived frominputs such as

vi deo caneras 1 VCRs,.104 0 udj o/.vi eo Syst ems and
conputers 110, 11558 Hy§ntan relgte g’sgﬁqﬁ%‘% 8‘%1/3% W%aﬁgagﬂ oCes3m
and more spemﬁca]ly to circuitry and systems for providing switclung, scan

conversion, scaling, and processing where the output frequency is different from

the input frequency.
10 2 BACKGROUND ART

Switchers are a means of connecting an input source to an output device
or a system. Typically, a switcher allows a user to provide an output derived
from a selection between more than one input signal source or connector type.
Furthermore, various types of switchers have various components, capabilities,

15 options and accessories.

21  Graphics Environment
For digital display technologies, a Graphics Switcher (GS) is a device that
enables multiple analog and digital input signals to be selected and sent to
20 various selected output devices, such as presentation displays. Figure 1
illustrates a typical graphics environment showing various pieces of digital
display technology connected by a graphics switcher, in accordance with an

embodiment of the present invention.
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presentation display 120 one at a tinme. For exanple, when trying to display
5 fromtw conputer inputs 110 and 114 havi ng separate presentations, a
graphics swobmivera 100 can physically connect both of thepcrosuwissgss to the
di splay device and allow input selection fromthe two conputers for

di splay on the display device 120. O h&r exanples of graphics sw tcher use
are for generating special graphics and novie effects; in industrial
settings or security applications for 10 switching between video caneras

i nputs for di spl Hght¥ ageaplitssviit@s 100alloVe SdiRéSsiBhals MeHiPetb froin itpafl ay
devices. Typical inputs to a graphics switcher conprise conputers, TV

vi deo, conpodi asvideoeameras d02rE 3Rs 104 BVORABY, TV drideo, SudiodeideoD- 1 (di gi tal)
video, conputer input (e.g. VGA SVGA and Mac video formats), video
caneras, VCE¥stems, axecopapwtstsst 19; Hey and g4 heselectedhands vigwedmapr i at e.

L S T AR SR T G BB B T
be used 5o ShBPRAp SRR oty L8145 HRCLE AWM ol BAIGLY ©

per f or mance swdReral 00icAR PhySicAIBy eiieBibotlY 8 818 cotbuitbrith #hd dispRy Aewiceher
provi des output to variouS sources or presentation fornmats. anpl es of

out put s conpnd sBowGhppbsedédiofifrarh thk twp dunybutesssiok dispday on e displapct or s) ,
DLP displays (including high-resalution DLP projectors), high resolution
pl asma di spigyise 138/ Qthesiexsmpleskf geaphiss syviteher wassare for gengrating specigl VG,
SVGA and Mac_vi D%Hi/)ﬁripus ot her 25

deo f.or mat di, t
audi o/ vi deo%ﬁ?ﬂ%@%og'ﬁ%’gﬁéﬁﬁ@qg%ﬁ&%g : sﬁggseé}} é‘?rors used

L 4
for bugpnegg; LoD L yd]-gﬁg %Sc%ﬂ:aﬂ ﬁgﬁm to LCD
panel s, SlDLP§’§’|%)ane ?i&‘)g%l??lgl%l g rtag;&)%%tggdsri n g@ ces, an vé?i ous ot hers.
SUBSTI TUTE Gidictitbré bk byfsteths offispRaxy tesikés. PCT/ USO0/ 35659 3 A TV signal has a
set nunber of horizontal lines. In PAL and SECAM it's

Typical inputs to a graphics switcher comprise computers, TV video,
composite video, red-green-blue (RGB) video, S-Video, D-1 (digital) video,

[(e QD

1

computer inppt (e.g. VGA, SVGA and Mac video formats), video cameras, VCRs,
15  and various other audio/video inputs as appropriate. Furthermore, inputs may
originate from different physical locations. For instance, to form a presentation
on a larger screen display, a switch may be used to choose between inputs
received from a computer at one end of one roorh, a computer in another room,

a video camera taking video of a performance, and a video conferencing system.

20 Similarly, a switcher provides output to various sources or presentation
formats. Examples of outputs comprise LCD panels (including high-resolution
LCD projectors), DLP displays (including high-resolution DLP projectors), high
resolution plasma displays, TV displays, CRT display devices 122 and 124 (e.g.
VGA, SVGA and Mac video formats), audio stereo systems, and various other

25 audio/video outputs as appropriate. For instance digital projectors used for
business presentation supply digitally addressed elements to LCD panels, DLP
panels, digital light processing devices, and various others.
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625; in NTSC, its 525. However, not all of these lines are visible. In
fact, only 576 lines in PAL and SECAM and 483 |lines in NISC are seen by
the TV vi e\rs e2108di€ remai nder are call ed bl anking |ines, pphbossgpt ai n no
picture information 5 and are hidden at the top and bottom of the screen.
By contrast, the nunber of horizontal I3nes on a conputer display can
range dramatically, from|ower resolutions of 480 visible horizontal |ines-
or less, up to very high resolutions with 1280 or nore |ines. Mny
conputers cont a'mwgi%% hadh 96t rhidBer 3 hoMz&ME AT IﬁPAgmgfsﬁdﬁm &N
several different display 10 resolutions. The higher the display

resol uti on, g25him NUSE, ' 53R Hotheterpast Al thestdirik lage visible. tvfactpadgme. For
exanpl e, a conputer screen conposed of 768 horizontal Ilines is able to
cont ai n andb7éilines iy PAbrandERCGAM and433 dines inpNTSC ape seen by the TWpdewer; of onl y
480 lines, or a TV picture conposed, of 576, The relatively, 15 snmall nunber
of hori zontt&e remainder arecalled bl JWRichicapitain ne pickreinfopmaloR spl ay

very s | text qr..,other.intricate Vvis details. TV video is defined by
ei t her rTFéne wféﬁeqﬁiﬁe‘b?t%Emc?h%%#‘c#%ﬁgﬁm'di ctates the nunber of Iines
in the picture, how the color jnformation_is defined and the speed with

whi ch the |i nes Bireonsiash thergnbenrf hozizenial lingson 8 gompulesdisplaeary 1 ef r esh
t
a

By
Tonal 1 or avEe AFemaR By, bt et maRieRns ot R et e et

comonly u pé.gg{, ﬁﬁiggF " ' I heraid ' SEkion (e. g.
infornntioﬁféjggr r ,g%ir:%gn, %ﬁt(ell%g%‘?;hﬁo sl{[/‘re]%) arzd'gjﬁl (rgégﬁ%i ned into a
single sigAdeo cirdvithiQllowhe fus@f 10\thdese betweaesdveral différenedigplalyi t y,
separates the 25 chrom nance (color) fromthe | um nance and sync

i nf or meltd orves@utiens.vari ati ons of PAL and NTSC i nclude RGB at 15 kHz,
conponent video and D-1 (digital) video. SUBSTI TUTE SHEET (RULE 26) il

The higher the display resolution, the more crisp and clear small details

and text become. For example, a computer screen composed of 768 horizontal
linies is able to contain and display more detail than a computer picture
composed of only 480 lines, or a TV picture composed of 576. The relatively

15  small number of horizontal lines in a TV video picture limits the ability to display
very small text or other intricate visual details.

TV video is defined by either the NTSC, PAL or SECAM standard, which
dictates the number of lines in the picture, how the color information is defined
and the speed with which the lines are painted on the screen from top to bottom

20 (refreshrate). However, within PAL, NTSC, and SECAM, there are actually
several signal formats that meet these standards. Composite video is the most
commonly used format. In composite video, all the video information (e.g.
information for red, green, blue (RGB) and sync) are all combined into a single
signal. S-Video, which provides a superior picture quality, separates the

25 chrominance (color) from the luminance and sync information. Other variations
of PAL and NTSC include RGB at 15 kHz, component video and D-1 (digital)

video.
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WD 02/19311 PCT/ US00/ 35659 4 Wiile all of these formats differ in the way
the video information is conbined into a signal, they still have certain
things in RyeeesaThey are all interlaced, they have ei tg@rusedBsessAL and
SECAM) or 483 (NTSC) visible lines, and they have an established,
unvarying refresh rate. For PAL, two ing#erlaced 5 fields, making up a
single "frane," are painted onto the screen 25 tines each second (a rate
of 25 Hz), and for NTSC, this occurs 30 tinmes each second (30Hz). Unlike
TV video, there ywiaQl1fHMse fornmtsl aiteri tNbiva] e vides Mrbi@ktion geo signal s
must abide. As discussed earlier, there is a Wde range of commonly used
di spl ay reseitibinedintoksgeal) &epshlﬂzhm tertath dengetrgenahoneThey areralt es, nost
falling 10 between 60 and 85 Hz. And, while alnost all conputer di spl ays
are non i ntintédaned, thepheve eithey 536 %&h@d&ﬁ@ﬁl‘dbolﬁ%mmmﬂﬁﬂl%%d di spl ay
opti on. Ho er, what conputer. videosi Lal Is the
way in @saé‘rqs’% ROvaryiRg Gﬁﬁen?ﬁﬁgginf‘@? h‘H‘FﬁG o the

d Ke! f d
e 35 5[ o %w%ﬁm‘\sw%g%s%‘“ g et g%% St/ 3pin 25 flglef factfl o1 2
bet ween CO”&%(&E fa ratd okbg BAnaXBPN'IBEZOﬂ@Bé&E‘s wnﬁ@mdmcma ;]aer okhg, col or

si gnal s. eeping red een and bl Ue separate from each ot conput er
nonitors are abI a wde.r | ors Wt h
di stortion. 20 2 %W‘R@?J%?am%“%%%&? f}’b%ﬁ oG #?ré"%ode

variety of raTE LR eIV M p@%ﬂgﬁ,@ad

"l'i nes" of % %%E%‘?ég Rﬂi %een eve pglgtthr exaerr%%’lgga ere are
audi o/ vi deodisplay) resotutiche: I'Elierd/fshan dfiallgeideeingaéfireftesttratess wosfalligt t cher s;
and matrix swtchers. In addition, the nunerous signal 25 characteristics

associ al@d bhetwees\eOtanidi 851z Andmbﬂmalmaspansomuwmlsym nppd to nunber

of switch o t| ns .and accessor UBSTI TUTE, SHEET _(.RULE .26
by ced, some video disp. ay cargs o offer an inter aced( IIy opt)lon

However, what computer video signals do all have in common is the way in
which they describe chrominance and luminance information to the monitor. All
VGA, SVGA and Mac video formats transmit the red, green and blue

15 information as separate signals. But, there is some variation between computers
in the way sync information is combined with the color signals. By keeping red,
green and blue separate from each other, computer monitors are able to display

a wide range of colors with minimal distortion.

20 22  Types of Switchers
In order to support such a wide variety of analog and digital inputs and

outputs, numerous types and “lines” of switchers have been developed. For
example, there are audio/video (A /V) switchers; VGA, Mac and RGB switchers;
system switchers; and matrix switchers. In addition, the numerous signal

25  characteristics associated with switching mixtures of inputs to outputs has led to

number of switch options and accessories.
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WO 02/19311 PCT/ US00135659 5 For instance, a line of AN switchers may
accept NTSC/ PAL/ SECAM conposite and S-video type video sources, as well as
two channelygo gdresfzer eo audi o from anpngst six sel ect abl ecrugwi/ssssoEach
nodel in the line is then differentiated by the type or conbinations of
video audio formats that it accepts. 5 Bnother, Iine of switchers, VGA Mac
and RGB switchers, are used for sinple routing applications. A nodel of
this line can be dedicated to switching signals of only one specific
conput er type, SF&ﬂlnﬁﬁnééGéﬁﬁéomng’%ﬁi&k%hyséc‘é t NTHCYPAL/BBAAM MRy

provi de nore input flexi bil i ty, by accepting both VG and Mac video
signal s. 10cdmposite anlviieodypé video sbyuees, ab nelluptiverdhannéls bésterevay be
conpatible wth all types of digitally controlled projectors and accept
virtually aaudigémmemos\ggm*geleagalsmmﬂsy@@mmmﬂ@rhr@aaﬂma ly switch

bet ween conmpuiers, onponents and audi 9 sources.. I n addition, an
accessory %‘%W%X&ﬁ%%ﬁ? W%ogﬁﬁ'ﬁﬂﬁ}‘ formptsthat ihacceptst or  and
be recogni zed by the projector as 15 if the switcher were the sane brand as

the proj&ctor. AAupiber lihe ofgyeitdhierss MGANMac andBGRewitchersywaneaised forr out es
multiple inputs to  nultiple outputs.. For, exanple, .input #1 (e.g. canera
102) can beS ?’é‘!ilt{rkgaﬂ?h}?ﬁﬂm#f‘@@. _of&@h%ﬁﬁﬂgﬁpatﬁjgs‘g HB8 put #2
(e.qg. programpmonitor 122): ..in e g. 1P 1 e routed
Lo sut huts. BEnTE of ity b shecioe Cidkules i, Syctlzs YGA MGy, dmbdferf> P

120); and sgnéifier mbleBidy PESRAHES Aldre hput Hekbilitd, BiRadceptitg BOIN VGASMI cher may
allow for the sﬁ]':tnchi ng %? mul ti plre ipr:lputs atgdﬁsg%tcgg?lgéi n nost video and

RGB f or nat sMdebiiddosigiild.chers are commonly used in applications such as
presentations, data display, and entertainnent. These applications require

mul ti pl gy i nput s&%&&%&gﬂwmmrm@%&vw&&lﬂ§mm ibie 0 be
swtched to nore than oné output destinati‘on (nonitor, ~projector,
vi deoconf er e aligyped ¥Eigitdlbicktdntiolied fprojactarstand sietdpt imbgallycalbsonedey

signals. Thus, a system switcher can easily switch between computers, A/V

(D

components and audio sources. In addition, an accessory may allow a system
switcher to communicate with a projector and be recognized by the projector as

15  if the switcher were the same brand as the projector.

A special type of switcher, the matrix switcher, routes multiple inputs to
multiple outputs. For example, input #1 (e.g. camera 102) can be routed to
output #1 (e.g. preview monitor 124) or output #2 (e.g. program monitor 122);
input #2 (e.g. PC computer 110) can be routed to outputs #3 (e.g. program

20 monitor 122) and #4 (e.g. digital display 120); and so on - in any combination.
Thus, a matrix graphics switcher may allow for the switching of muitiple inputs
and outputs in most video and RGB formats. Matrix switchers are commonly
used in applications such as presentations, data display, and entertainment.
These applications require multiple input sources (computers, cameras, DVD

25 players, etc.) to be switched to more than one output destination (monitor,
projector, videoconferencing CODEC). Addition of an auto-switching accessory
allows such switchers to automatically switch between various types of inputs,
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all ows such switchers to automatically switch between various types of

i nputs, SUBSTI TUTE SHEET (RULE 26) JIT WO 02/19311 PCT/ USOQ 35659 6 and/ or
out put s whgyy @edygnge in input signal type is detected. Tagrausedssssd t cher
may have various signal conversion and processing capabilities depending on
swi tcher type and needs. For exanple, gbaphics switchers inplenment m xture
of scan conversion, scaling, filtering, and other capabilities as needed
for their 5 desired performance. A scal er changes the size of an inmage

wi t hout chapgi ttﬁqiﬁ%{éﬁl I ﬁ@@ alv{tg?- I+ 50 | 28wieRsy not fit
the displ ay&%ie{/llgcdg ere oar(fél{,%gﬁgg | ?\i%gen iél%é%?e%g%c?ll%%'a?s i t? ability
to change | hfayiavewhribas Sghdl cBRbveBidnidproteskingcapabilitiesl deperalinglewi ce. Thi s
i s especially advantageous in the case of digital display 10 devices
because di gswitthetitypé aryd eadsc For pxamiplesgiaphipe switchersfimpdementimixturerod i n
order for a digital display device to_provide optimal |ight output, the
entire mat $9aR CORBRIEIPNY geﬁltqrmﬁaﬁedztherpwbﬁl&ieéésatea%d%oath@r spl ay

devi ce showi,n qtq’ﬂpe pi xel matrix for displaying an i mage, according to an
embodi neht S?bqf erfos *invention. Thus, the goal of a scaler is to have
output flexibility so that the input 15 i mage can be scaled to _an output

i mge 202 that nAtedeschangenthesizapfiandimags wathout ghangingitsgheps, fore 206 or

t he di spl ay, "sweet ot" .. Since scal gr., can.scal e t.he qut put th

or 1 sontar | PR the e e oS Pofl 8 Ul Gepiek  THeBioe %1 "an | rmge.
Aspect ratigs;:a J+ L33 | [ B uHikdshe
vertical di rrensile’%?]éf%?fégéeg%:ﬂtlg%?B&tﬁﬁ%él%ﬁﬁggbgwtﬁaeu%ggggg part of a
graphi cs swpf £ Bisphiysdeticel Thit'ls agpediily Advarmagdos iR b as8é bf dipital dikplay and
positioning, for a"variety of video inputs. For exanple, in view ng

scr eens 10t hdevisgshecausetdigitfl dispdapdeidces prodiuee images on afx@d niatrikei¥ins 16: 9,

or 1.78:1. Sonetinmes the ":1" is inplicit making TV = 1.33 and. HDTV =
1.78. So, i fArder fora digital display device to provide optimal light output, the entire

matrix should be used. Figure 2 illustrates a digital display device showing the
pixel matrix for displaying an image, according to an embodiment of the present
invention. Thus, the goal of a scaler is to have output flexibility so that the input

15 image can be scaled to an output image 202 that matches the pixel matix 204 of
the display device 206 or the display “sweet spot”.

Since a scaler can scale the output both horizonta]l}} and vertically, it can
change the “aspect ratio” of an image. Aspect ratios are the relationship of the
horizontal dimension to the vertical dimension of a rectangle. Thus, when

20 included as part of a graphics switch, a scaler can adjust horizontal and vertical
size and positioning, for a variety of video inputs. For example, in viewing
screens, the aspect ratio for standard TV is 4:3, or 1.33:1; HDTV is 16:9, or 1.78:1.
Sometimes the “:1” is implicit making TV =1.33 and HDTV =1.78. So,ina
system with NTSC, PAL or SECAM inputs and a HDTV type of display, a scaler

25  can take the standard NTSC video signal and convert it to a 16 x 9 HDTV output
at various resolutions (e.g. 480p; 720p, and 1080p) as required to fit the HDTV
display area exactly.
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systemw th NTSC, PAL or SECAMinputs and a HDTV type of display, a scaler
25 can take the standard NTSC vi deo signal and convert it to a 16 x 9 HDTV
out put at w@hi@sg resolutions (e.g. 480p, 720p, and 108Qrnsessespui red to
fit the HDTV display area exactly. SUBSTI TUTE SHEET (RULE 26) WD 02/ 19311
PCT/ USOQ' 35659 7 Scaling is often refefred to as "scaling down" or
"scaling up." An exanple of "scaling down" is when a 640 x 480 resol ution-
TV image is scaled for display as a srral | er pi cture on the sane screen, SO
that multiple pighithess oFidh fferidiDifhs¥bcalihd AohMorts

picture-in-picture o PIP'). Scaling the original imge 5 dovvn t

resol ution of “sddlthgxddwl” {sowhdn 4 4400k 48(0hresclution T¥ ineige dy scaldddfesdisplay | nput

TV resolution pictures to be shown on the same output TV screen at the sane
time. An exmsmamfrngt@mmghmme@rmspﬁ-atmnéinpls@@,@umsmenbenh@t@n(aé g. 800

X 600 48 000 pj xe Is gcaled for dis hi gher. resol uti on (1024
X 708 = 7oBersRelinels B RRSS RopGER ot PIb- arelns A CeRE g | ne

EL??’EE&%T 3@?3*3%%3201‘%&%2%’#’% OB GEE] Eofitho GrighRTREE) Ro S8t e,
pi xel s_must Taeqeade fichlies 9Be . SR thdbiicodiont T lrsbel S Gmeret hoCs

for inmage scaling, sone produce better |ts than others. A scan

converter itme. davéaenpleaf ”sdalhigap” iswhacalowartresalfition imagedle.gv8ao 15
signal to fit the needs of a display deV| ce, For instance, a "video
converter” 600=480000gmivels)ispeal stgw Brhigher wsaludiond1024sT68 ), or NTSC

ES&FQE“EEE%@?" ) h°”95‘é5t2%%§#?é’€€w§r?§%@5§pt§a§a EROEEEG Gar s

and tel gyis ?‘mh&gg fd Glhmbep Rt okiz jideo signal
t hat hag‘ya Jf)eg I cular Loeillﬁzont apfé&%@vé{rtlcﬁ}sal?esequency re¥resh rate or
resol ution padskutiofl). Cﬂwméﬂm@ipﬁmﬁﬁﬁﬂbéﬂre@@d@ysbﬁ{dﬁ@&%a' and

vertical frequency refresh rate
There are many different methods for image scaling, and some produce better

results than others.

A scan converter is a device that changes the scan rate of a source video
15 signal to fit the needs of a display device. Por instance, a “video converter” or :
“TV converter” converts computer-video to NTSC (TV), or NTSC to computer- !
video. Although the concept seems simple, scan converters use complex )
technology to achieve signal conversion because computer signals and television
signals differ significantly. As a result, a video signal that has a particular
20 Thorizontal and vertical frequency refresh rate or resolution must be converted to
another resolution or horizohtal and vertical frequency refresh rate. For
instance, it requires a good deal of signal processing to scan convert or “scale” a
15 KHz NTSC standard TV video input (e.g. 640 x 480) for output as 1024 x 768
lines of resolution for a computer monitor or large screen projector because the
25 input resolution must be enhanced or added to in order to provide the increased
capability or output resolution of the monitor or projector. Because enhancing
or adding pixels to the output involves reading out more frames of video than

what is being read in, many scan converters use a frame buffer or frame
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I nstance, it requires a good deal of signal processing to scan convert or
"scale" a 15 KHz NTSC standard TV video input (e.g. 640 x 480) for out put
as 1024 x werbiiwes of resolution for a conputer nonitorpCaruseessgs Screen
proj ector because the 25 input resolution nust be enhanced or added to in
order to provide the incrieased capabil®ty or output resolution of the

nmoni tor or projector. Because enhancing or adding pixels to the output

i nvol ves reading out nore franes of video than what is being read in, many
S0aN CONV ! inBirbry B strd eRIPINBhIR init frie CHJBSHIrLYTihe Shidafing Rk 26) |
111: WD 02/19311 PCT/ USOQO 35659 ™S menory to store each incom ng input
frame. Oncecatb®redd oubeepeatutily fwadd moee frames bady enpixelst repeatedly to add
nore frames and/or pixels. Simlarly, a scan doubler (also called "line
doubler") is a dgwying t Eﬂ&? ' hlab 8k ﬁ'gag( to non

I nterl aced conponenf'ﬂgﬁg%r@ﬁggeg y %ﬂgﬁgﬁggﬁﬁgﬁt?%ﬁ?ﬁg an Opi cture
quality. SC@ﬁngeubdnn%»aQité intbrllacedradas® rn-intdtlaead icompoaatit videgthéby Vi si bl e
by doubling the nunber of lines and filling in the blank spaces. Al so

cal | ed "§ i nincrkasibgibuighindss and pictpresjualitys Gean doubling iscthe pracessisfed t o convert
an interlaced, TV.signal tQ a non-i nter*aﬁﬁge%iqco uter, videg, . signal.

Hence, in omalﬂngttbemagﬂwlqu\iﬁi@@bmﬂu groflingapnd Sllingia 5 |ine
10 doubl er g@r .quadrupl er,.i s kndi,spensaple., 2. 3 Probl ens w th aphi cs
Sui t chor o VRERKHRESeT A BRE R Hol Rl AR B v ng

di spar at e 16 1 &3o'cBhFelt HAIHRRGLEE TV sigrd 8 4 hbAlRterBbsd Qbniphteritiiésher or
the 15 display needs to lock to the new vertical refresh rate and

hori zont al gighale Henketift ordéstoalisplayTV videoron hew THIflat pagelakreens, a\irieched and
a signal having a new _ frequency is sent to the output display device, the

di spl aylhasdewblerergpsdrupleni inflispensaplet o t he new frequency so the new i nput
can be displayed. During the

23  Problems with Graphics Switchers
When a graphics switcher switches between input signals having
disparate refresh rate frequencies or resolutions, either the switcher or the
15  display needs to lock to the new vertical refresh rate and horizontal refresh rate.
As a result when the input signal is switched and a signal having a new -
frequency is sent to the output display device, the display has to reacquire and
lock up to the new frequency so the new input can be displayed. During the
time it takes the display to reacquire the new input signal frequency, the output
20  drifts leading to picture scrambling and/or noise which results in a “jitter” in the
output display.

Accordingly, in order for a graphics switcher to provide a stable output, it
must be capable of switching between multiple analog and digital input formats
and resolutions while keeping the output rate and resolution stable. One way to

25 design such a switch is to use signal processing.

SUBSTITUTE SHEET (RULE 26)



time it takes the display to reacquire the new i nput signal frequency, the
output 20 drifts leading to picture scranbling and/or noise which results

in a "jitteyoeddstaihe out put display. Accordingly, in orgeruénsae gr aphi cs
switcher to provide a stable output, it nust be capable of sw tching

between nmultiple analog and digital inpgt formats and resolutions while
keeping the output rate and resolution stable. One way to 25 design such a
switch is to use signal processing. SUBSTI TUTE SHEET (RULE 26) WO 02/19311

PCT/ USOQ' 35084 9w§w%ﬁi cs Switchers A switcher that provides
such a stable output during swiching is generally referred to as a .
Seanl ess Graphi c ,Sw SGS). 4. Th 'S ss Li.ves from
providing a gli t&%‘g{e& a&ﬁ\%ﬁ%stsu%%%%%@gﬁi%%@%ﬁ tter 5 caused
by swi t chi ng:eReia\15 BN a5 SBAARS: GRIMSSwIRther 1S, THe %ﬂﬁfsési ng,

t he out put |%s kept stable in an SGS whi'l e the ing%?gi S svméjtncl:hed et ween
mul ti pl e analepiyesfidndp@ividihg bglitthtfledreatilihat élainatdhs neiseatd fitter convert ed
to one frequency before being sent to the display. Since the signal

processod | saugsdhy swidching betwiegn crézeddnpitsp By usingsignal he di spl ay

al ways 10 sees the same resolwution and h t apge constant ,sync. Thus,
because the Prm%%&ﬁsa#@&%%é’@b %@S@&Jﬁ&@eﬁpﬁwdhave to
reacquir e figplanalinfillandiBEGR HigiaForAals IO e iEed dibbin T €l ated TO
swi tching the 1 nput. erefore, can conversion signal processing permts
the user to chirdreddl RednfestucABrbdore bifiigsunt t6 tHesdisilay.i Sinéé thersidra® out put
frominput switching. 15 I'n order to scan convert the inputs to one
frequency, Pre®ssowis deingtthe “lockipgt onto thenewdnpist mates, thedisplay always nenory

buffer. ce stored, the_incon rame can be procegssed and/or read out
Fepeat ey . 56 A guHe FEON UL 2S th She CTREAE B, ITG, BEBAORG but i er
al so allows cﬁé})l%ﬂsr%@’ipéé' A ﬁ%ﬁ&é}gi’t%ﬁs not have to reacquire the signal and

thereby does not produce the jitter related to switching the input. Therefore,

scan conversion signal processing permits the user to switch between inputs, j

without causing jitter in the output from input switching.

i5 In order to scan convert the inputs to one frequency, a SGS writes the t
input to and reads the output from a memory buffer. Once stored, the incoming ‘
frame can be processed and/or read out repeatedly, to add more frames or
pixels. Hence, using a memory buffer also allows an SGS to provide scaling (as
previously described). In fact, seamless switching usually involves scaling and

20 seamless switchers are usually comprised of two scalers and a matrix switcher.

For example, referring to Figure 1, a prior SGS product 100 is capable of
handling eight different input signals 130, includes routing and control functions
for handling the signals, and provides scaling and synchronization (“sync”) of
the image to the selected output resolution. Thus, the SGS accepts RGB or

25 component video signals with various scanning rates while the operator

seamlessly switches those eight inputs to a fixed output rate that is selectable,
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previously described). In fact, seanl ess sw tching usually involves scaling
and 20 seanm ess switchers are usually conprised of two scalers and a matri x
swit cher. “F(ﬂﬁ yB®¥ampl e, referring to Figure 1, a prior SGwposnssss 100 is
capabl e of andling eight different input signals 130, includes routing
and control functions for handling theltsignals, and provides scaling and
synchroni zation ("sync") of the inmage to the sel ected output resolution.
Thus, the SGS accepts RGB or 25 conponent Vi deo signals with various

scanni ng rates WA k&cH, e PREF SEDEan BEASEPHE bugibl dvehtswhareddglei ght i nput s
to a fixed output rate that is sel ectabl UBSTI TUTE SHEET (RULE 26) WO
02/ 19311 PCEeyis@@yXonssutet Hdés 130,412, aﬂdelldraldrsm@rdéxeqhenqswdebdmmt agi ng
events where high frequency conputer video_ 110,112, and 114 and standard
frequency vﬂd@@eﬁrmmas'&ﬁﬁ@?ﬁﬂ@@? W@eééobégihﬁw}’ thigh-gomputer gh

E&%qﬂiﬂcéciﬁ%p PR 1D 8&2% Theprg FS@&%%%%%%@%%%@ wih o
resol ut | Rghqﬁﬁafé giféidﬂégf 31%9911%591 4a&§| r st out kHz up

to 100 k provi er ent ou put gnal s. put is
the ' prOgramwﬁa@&aﬁf&tes@qum@ytdmﬂqﬂaﬁa@owdzméaﬁm&mfput is the
"preview' output for viewing "next to switch" sources by the switch

oper at or onsignhlsc&helfusﬁmnputfﬂﬂnes progmmfotiput dperiewing yathekidiemel essl y
switch the "preview' to the ' program out ut or chgose a digital

transition eée,qondcmﬁsetlﬁm RIREiephyatput fos Wievngi ‘sextdaswiich” spurees t o

deai | al | B7 Rptpach bp@Ruias a HRplTRomsRt g R R et %”6535223
or natiyg rgé&ldé% 12 t qlllégk gm Blegy :‘% RGBﬁfblﬂl&l&absevd falscal ing 15

t echnol ogi es ena e exa I'nputs to one~of eighteen

conmon cowputaﬁémbh@ﬁectﬂdla’gywr@hméphy@calew@chﬁsmaae These scal ed out put
resol utions for conputer-video output rates are 640 x 480, 800 x 600, 832 x

624, In order to optimize image quality as well as maintain maximum image

brightness and detail, all inputs are scaled to resolutions that match the “sweet

spot” or native resolution of digital displays. Advanced digital video scaling
15 technologies enable the exampie SGS to scale RGB inputs to one of eighteen

common computer-video, HDTV, or plasma resolutions. These scaled output

resolutions for computer-video output rates are 640 x 480, 800 x 600, 832 x 624,

1024 x 768, 1280 x 1024, and 1360 x 1024. For plasma displays, the output

resolutions are 848 x 480, 852 x 480, 1280 x 768, and 1360 x 765. The SGS also
20 provides HDTV 480p, 720p, 1080i, and 1080p output rates.

25 ob with Seamle raphics Swit S

Nevertheless, although SGSs solve the graphics switcher new input
“jitter” problem, there is an inherent problem with SGSs that use a frame buffer
25 or memory to convert an input video signal with one horizontal and vertical
frequency refresh rate to an output with another horizontal and vertical refresh
rate. As each input frame comes in, the SGS stores that entire frame internally in
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1024 x 768, 1280 x 1024, and 1360 x 1024. For plasma displays, the out put
resolutions are 848 x 480, 852 x 480, 1280 x 768, and 1360 x 765. The SGS
also 20 %[o i1 3 HDTV 480p, 720p, 1080i, and 1080p out pOT/US®I3SES9 2. 5

Probl ens W3 eanml ess G aphics Switchers Neverthel ess, although SGSs sol ve
the graphics sw tcher new input "jitték" problem there is an inherent
problemwi th SGSs that use a franme buffer 25 or nenory to convert an input
video signal with one horizontal and vertical frequency refresh rate to an
out put wi t B 133k RRE ndeidrg GFhith aBB%s\RE 6GS A sigRaT MidlessioRréad that fragle | nput
frame cones 1n, the SGS Stores that entire frame internally in SUBSTI TUTE
SHEET ( RULuggpededly/ 19311 PCT/ USOCQ 35659 a box in the nmenmory, which
allows the SGS to signal process or read that frane out repeatedly.
However, if thel—f&& i¥ Bleldr ﬁﬁ‘h dalr St B MBAREY blafef 8motS nNot  an
Integer multiple o %F{elylﬂ{r?put vte‘?effiﬁcalﬁé\ix(ﬁfﬁtg rate to thgyrrermry, the 5

i nf or mat i oRniifite@et Prltiple afthevinplit certical writevateriofthe mesmhorynthet franes at sone
point in tine. a result, part of the output display will show the inmge
from obBe iimfomnafionireouipt frametwillcontain twole @ﬁnbinpua¥r§meaytm t he i mage

f th di t f . f ' L Jny the | t ,

LTOM A | SRS oL O il B8 RSP BB 05
tput f i1, di spl ay. f el ' | th

ULt T R eible 3B AL b St BBy o B BB OBl

i mge) . MILgQyRlinphit frhie. POheRris BRIHMRER théputembhF@yeements inttR@fwo W | |
appear in the outgut. Figure 3 illustrates a digital display output inage

havi ng a " gt frarhecwiltbediffeceraand thedfore the ofitptut érapreewdhdisplay pattiafn.  Thus,
for instance, input of a ball that is moving horizontally fromright tor
15 | ef 1030@ngiiiage ésgla portion|eé the;fheferel’ impge)radparhof a Iateienaggd®Bndy t he |

(RGO onor of e FarttPHfmdgef Fac0ves, B the pbiifer RN A B2 roTinaghS, OUtPUL
a “tear” will appear in the output. Figure 3 illustrates a digitat display output |

image having a “tear”, according to an embodiment of the present invention.

Thus, for instance, input of a ball that is moving horizontally from right to
15  left 300 will result in the top part of the output frame showing the image from
the second input frame 302, while the bottom part of the output frame shows
the image from the first input frame 304, and a tear in the image where the two
parts of the output frame meet 306. The image in the top portion of the output
is shifted to the left of that in the bottom portion of the output because the top
20 portion is an image from later in time while the object moves from right to left.
Note that there is also a horizontal pixel shift in the output image at the point

where the read and write pointers cross over 310.

Thus, current SGSs have a particular problem when the input images
contain “panning.” For instance, a lot of camera panning is necessary during an
25 on-stage event where the cameras are tracking someone by following them
around on the stage. Then, during the scan converting process, because

different input frequencies are coming into the SGS and a different scan
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the image fromthe first input frame 304, and a'tear in the inage where the
two parts of the output frame neet 306. The inmage in the top portion of
the out put wheyflifted to the left of that in the bottom porusmnsed the
out put because the top 20 portion is an image fromlater in tine while the
obj ect noves fromright to left. Note {lRat there is also a horizontal

pi xel shift in the output inmage at the point where the read and wite
pointers cross over 310. Thus, current SGSs have, a particul ar probl em when
the input i Raeerted Aith gbihg RAYEROSGS 1hkrd d1e R0 fernt fdfréth ra®EEHM panni ng
is necessary during an 2§ on- st age event where the caneras are tracking
soneone by fraditingtcand readirg framdthemmémerysineffer. ABreeresuliiuthiervgrtidad readan
converting process, because different input frequencies are comng into
the SGS and amddwtitestatestare pahlocknrdsmyndmongration. (RULE 26) WO 02/ 19311

PCT/ USO0/ 35659 12 converted rate going out of the SGS, there are two

di fferent refresiDesaiibingwiliat cigatds thg ougptcarrinatother waynbédatisereadr y buf f er.
As a result, the vertical read and wite rates are not |ocked in

synchr onbz atdusput foeme beingdisplayed & read dom memenypwhen éeamésargbeiniger way,
because each 5 output frame heing disp].ayed is read from penory, en
franes are B@?‘Hﬁ“t%%“’if%‘ﬁ@ﬁogm?m%oat&i&e‘@mﬁ?ﬁb ‘é(F"*’dPP’F’@?rémd’?e\éQes, t he
wite pointer. ' ' . i yaat _di rates.
Fence, "t he. Mok pls i pRE T ey fifaanerh, TGV 0Bt Myl (7LD

cross, the rgy Wil &Fenthdlly @6ss, EA@WHAR e EBhs, MiPARd ipohdePRill g8 | ust
behi nd the Ite pointer to“old input 10 friame information that "the wite

poi nter was fadauiew inpot framedvfosrmation justbehind the wkiterppititef taole inphior mat i on
wi Il then be conbined in the current output frame, and if there is
novenentlli n frame infprmation that $hetwiite poisderrwangbouk tnwaite puer. wihe new aadude a

tear where t .rea oi pt.er cross t he thresho etween the newer and
ol der i nput c{i&métq‘rfme IhfSrmation then econﬁ:smec{gt?\e current output frame,

and if there is movement in the input (e.g. sideways panning) then output will
include a tear where the read pointer crossed the threshold between the newer

and older input frames.

15 When the vertical frame refresh rate coming in and the vertical refresh
rate going out cross, or “vertical syncs” cross a tear is formed. When they cross,
as the input is being written into the frame memory, the two pointers in the
memory actually cross, and as a result a single output frame is displayed having

old input frame information and new input frame information.

20 Note that the tear produced in the output of SGS devices is a bigger
problem in Europe where the output frame vertical frequency rate is usually 60
Hz and all of the input source vertical frequencies are usually 50 Hz. hence,
because there is delta between the two vertical refresh rates of 10 Hz, European

SGS applications can encounter the tear up to 10 times a second.

25 Figure 4 is a waveform diagram of the input and output vertical sync
pulse in an attempt (i.e. because the actual phenomenon can only be captured in

a motion picture or a series of frames) to depict the result when the output
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15 When the vertical frane refresh rate comng in and the vertical refresh
rate going out cross, or "vertical syncs" cross a tear is fornmed. Wen they
Cross, aswig@nbdiput is being witten into the frame nmenpé&vgsdotSsshWo
pointers in the nenory actually cross, and as a result a single output
frame is displayed having old input fdanme information and new i nput frame
i nformation. 20 Note that the tear produced.in the output of SGS devices is
a bigger problemin Europe where the output frame vertical frequency rate
is usually ; Wit SRrik ' GRS are
usual |y SO’ﬁgﬁmﬂénc i B%égﬁggkﬁﬁere |§§g§Fta 6§¥§%§ﬁh?%% two v ??ical
refresh ratRiguef4, e top tract Ehows the Veciical Bphd ¢fathe Bijsuteihab 40D WHeer the tear
up to 10 tinmes a second. 25 Figure 4 is a waveform diagramof the input and

out put ver thattem treeesshows the vierticahsyatctof th oytpubsighalcidds dhe spncipulses
phenonenon can only be capt djn a notio lcture or, a series of franes)
to depi ct tfﬁé@Matmﬁﬁéf%ﬁ$ﬂ¥@3m%°%ﬂmm&és &\D 02/ 19311
PCT/ USOQ 35659, 1 ertical c,pul se.is.not locked wth.the |input

Vert cal® synBtYarteal S dR sl R Ouif el FPy 8RR A B RalE e

vertical sy, ér[?:ﬂ%é tSd . al"ﬂe]m gm,geé@é‘dat_ verti cal
sync of theﬁgﬁ%ﬁrg@gna %%%9&%%&2%&8 pu s%g%hare epl ggg%\éﬁ?ﬁaﬁi nts 406
for the outdacilllos@pe, ibate is nielativd nidtiodbetiveetDihelsphic plikess i Nnput verti cal
sync. In reality, the output and input vertical sync pul ses have different
frequenci es when there is no | ock hence, when viewed together on an

oscill oscope, there is a relative notion between the sync pulses. 2.6

Att enpt ed %UtiAQJS 10, pption for solving the SGS output tear, is to
take the i t Orrar tal and vertical rates and exactly duplicate
them at the output so that the frame rates are the same and the horizontal

and verli cal syf¥ne %h@ntfﬁéscﬂm.ﬂ‘ffﬁ@s ot teas isite kakerthe inputgignah is that it
prohibits seal | 08 d SSHal YR SABF TN Ste them at the output so that the

frame rates are the same and the horizontal and vertical syncs are the same. The

problem with this solution is that it prohibits scaling or scan conversion because

the input and output pixel counts are exact equal.

15 For example, if the input rate is only 15 KHz video, then with the output
horizontal and vertical rates locked to the input, the switch can only provide 15
KHz output. Thus, high resolution output video is not possible because 15 KHz

interlaced output does not provide enough pixels for big screen projectors.

An additional attempt to solve the tear in SGS output frame during input
20 movement is to use a Phase Locked Loop (PLL) to achieve synchronization
between the output vertical sync pulse and the input vertical sync pulse.
However, prior implementations of this method fail and the vertical frame rates
do not end up synchronized leading to tears in the output. After a certain
number of output frames, the output read pointer will cross the input write
25 pointer and when it does, that output frame will still end up containing parts of

two input images and a “tear” in between.
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the input and output pixel counts are exact equal. 15 For exanple, if the

i nput rate is only 15 KHz video, then with the output horizontal and
vertical ragesigmeked to the input, the switch can only ppowus®/;siése KHz

out put. Thus, high resolution output video is not possible because 15 KHz

I nterlaced out put does not provide enough pi xels for big screen projectors.
An additional attenpt to solve the tear in SGS output frame during input

20 novenent is to use a Phase Locked Loop (PLL) to achieve synchronization

bet ween the outp koal ‘ﬂﬂﬁ | { [t d pul se.
However, prior i%&og%tr#%@%%go @g_sgeg%o ?éaelg?ggﬁéatdh%ﬁgéer I cal frame
rates do n@bseRef HBuEDé'HineQ%@ﬁﬁ'm'tﬁ%ﬁie@@o%tttﬁéfesaré!ﬁwbhﬁpﬂﬁﬁﬂé- After a
certain nunber of output frames, the output read pointer will cross the

i nput  wri t e baiffersajontainingrabnséative ingitdmaged afhenyWihehetardhe vestichl still end
up containing parts of two input inmages and a "tear" in between.

SUBSTI TUTE @eipers(gressriiegyutpnt bamedeyngrwn inpobivsgsranbe ramovRdor at t enpt
at solving the S putput tear .is to add frame memgry ,to sort of double
buf for t o IRRlACec WiHhtbe oextsingle fmegetrame. SO any aven insient Bng phihe

cont ai ni ng td ' ' : iLal pointers
cont &l n1 19 SARVARK K G heckTROES okl WARBRIEL 10 YR ©
replaced W tgpintem dA6ss! whiidHiher bifiéichak 1eBmation frdin ARY ol Pt kRSBt one of
the two buffers has only information fromone input framé. Then, when the
poi nters cr estputnilhe neveffedsis that the$GS atwnllyairopsa frame prdéubdedisplagea frane
is output. The net effect is that the SGS actually drops a frame or double
di spl ays a singlgframe; Iihe problenpisdhataphensan puipulframeis renzoped of replaceils

renoved .ar repl.aced Q.the tjmng,of the i es is, mxed up and any |inear
not i on, @ucﬁﬁg _ b e images 5 gabgd vup and agy vappear § é?%ﬁ&“ghe_sitat es
for a frame apnind"Rsn 8hedchll Apped theftlE: MERANS for A Bdfe i HALPRALY fof

m ssi ng.

a frame because image information is missing,.

For example, motion is nét smooth anymore. Instead it includes jumps
and hesitations. Thus, motion may appear to stop, then repeat, then jump or
15  skip; or stop, then make a big jump, then stop, them make another big jump.
Any panning or any motion in any direction on the screen that's moving at a
constant velocity, will jump. Objects in motion will look like they hopped or
' stuttered. Or, stopped for a second and then continued. On a large screen
projector, the image has “hick-ups”, and it appears that something is wrong with
20 the image.

Hence, if a user was attempting to record the SGS output at high speed
and the SGS is dropping frames to avoid tears, the recording would be full of
stutters. Also, if the frames were dropped during a broadcast or high definition
display the output would appear unprofessional and sloppy. In addition this

25 method causes variable output audio delay and skipping in parallel to that

described for the output image.
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For exanple, notion is not snooth anynore. Instead it includes junps and
hesitations. Thus, notion may appear to stop, then repeat, then junp or 15

skip; or syapeiog@n nake a big junp, then stop, them nmakecgrRRbdMaEsedI 9 j unp.
Any panning or any notion in any direction on the screen that's noving at a

constant velocity, wll junp. Objects 168 notion will look Iike they hopped
or stuttered. O, stopped for a second and then continued. On a | arge :
screen projector, the imge has "hick-ups”, and it appears that sonething

is wong wth Zﬁmétﬁér&ti@ﬂgr t'é@ﬁ‘&?g\tﬂe%@d{ﬁgﬁt%fis%tdé thBGutgutsgcor d the
SGS out put at high speed nad the SGS is dropping franes to g&%‘ig tears,

t he recor dithgt whdhelep¢hd véiticalf poititettf drosss sighhlsprocessirighanfbeqpaforiedao dr opped
during a broadcast or high definition display the output would appear

unpr of essi cioatehamd“ahopyoverhitheduitpuivitamn hevirg e input imagess Howeven) e

out BEE  hen ST A7 s T ROpE v 'i%ér%t%ﬁ:&%ffng‘%fﬁéégﬁa‘?@%%{%t "5
A i '

Chat i dneveiapn Fost 8 bR ed SFAAUD thoak Sohed fhe it Bk B4 01 DU ©°
perforned tQ,+8R ey is SemBYed &Vﬁ:gi cb85he UhBHE of Bl nd3eY id kel Qup 411!

| mges. However, even wth a delay, the outplt frane™wth a tear still

exi sts and anyflireaer@tion wilksuddenly appeafteéititiriiekitdte of juaypabeadt. added. Thus,
when the output frame or a portion thereof is renoved or replaced, the

timng of the i ﬁi:@gleﬂpwﬁﬂ A | " ' s nly
appear to eit he;mﬁée‘(gih%lg?g‘ or junp aﬁgad. %ﬂ}?ﬁﬁﬁ%ﬁ%ﬁ%ﬁ?gﬁ%ﬂqﬁ% th addi ng
del ays wi t hde(yeal dt setdral pointdn aisystefn due ptoetsingsepathaphavd s in a
system due to signal processing steps that have 10 frane del ays or del ays
due t o Mecdrathedelays ordelays dRe to recarding to memaoryg&or examplegindexget s del ays

start 1o acs(t:gglrrrlljé gée%tg gceilagrg Qtaﬁ% la{gclugulg’?eca% cla%ta%hfaﬂytaggumulate to the
point where a speaker or singers lips are out of sync with the sound provided by
the system. Generally, an entire system can get by with up to a one frame delay
of audio to video, but past one frame and depending on the circumstances, the

15 timing difference between the audio and output image lip sync is discernable.

Therefore, it is desirable to provide a system capable of locking the output
vertical frame sync pulses to the input vertical frame sync pulses, while allowing
for a different horizontal frequency in the output rate, and while maintaining a
constant seamless output frequency and resolution during switching of inputs.
20 For example, a desirable SGS is one where the read and the write pointers in
memory do not cross, and it does not produce an output frame made up of two

different input frames.

It is also desirable to provide a system wherein the output and input
vertical sync pulses are locked, and the position of the output vertical frame read
25  pointer in memory can be adjusted as compared to the position of the input
vertical frame write pointer. For instance, a desirable SGS would allow the

output read pointer to be placed at any point in reference to the input vertical
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poi nt where a speaker or singers lips are out of sync with the sound
provided by the system Generally, an entire systemcan get by with up to
a one framgy@emyn of audio to video, but past one franepepdseigizendi ng on
the circunstances, the 15 timng difference between the audi o and out put
image lip sync is discernable. Therefone, it is desirable to provide a
system capabl e of | ocking the output vertical franme sync pulses to the

i nput vertical franme sync pulses, while allowing for a different

hor | 20Nt ol {5 AAETEN APk B ime P8 oYM 2B 4811807 hefonst an

seanl ess output frequency and resol ution I'n f inputs. 20 For
exanpl e, a defhdnell B frahte rakedabefo ahiSGT @atl Bosktlabadpstddtoper nters in
menory do not cross, and it does not produce an output frame made up of two
di fferent i npogrdamaeddo changestoaine®r deare cabstent, preslicabld ovaliies ps tlesiradher ei n
the output and input vertical sync pul ses are | ocked, and the position of
the output verti GichfarSGHis hkoWesiZdbl@bécatid havingEidesdélaphockéel wed ed as
conpared to the position of the input vertical frame wite pointer. For

i nst ance,5 a spesificaiplue [368ides a preditthble antieonstentpidlay fon dymdironieingithebe pl aced
at any point ip reference to the input vertical SUBSTITUTE SHEET ( RULE 26)
WO 02/ 19311 wﬁmﬁwgga@msawcbmﬁ%@% for gxach gredigigblentrd morane rat e

del ay could | gi h@ . half a frame). Thus, frane rate
del ay for an‘?r%fggg%a%%gggé&se a ,° a }"8‘2& ed to, or programred to change to
one or nore constant, predictabl.e Yal ueswr% desired.  Such_a Is al so

desirabl e becaus re, fitds degieableto provids asygten with an adjustablec val ue

provi des a | | ZI io to
Provides 3 gl G s AR R fSbaY phiferWIRHRAN) &l e R

preci se 10 degositiorpbflihe ISpARGIIEeHL EairleQRritelpiAteR 568 output Fanttositd @dhe tO
provide a systemw th an adjustable position of the Output vertical frane
read poi nt ercanrberestjusted tsneawzpex: ddr irstdrite, a desirable SGS would allow the

output vertical frame delay as compared to the input to be reduced as much as
possible while still allowing the SGS to function.

Hence, although an SGS can not have a 0 delay unless it processes and

15  outputs lines as they come in, an SGS can have near 0 delay if the input and
output frame rates are locked together, and the read and write pointers
adjustable as compared to each other. Then, at large staging events where the
video is run through several delay causing processing and recording steps,
accumulation of delay can be minimized. As a result, a very low frame delay

20 large stage event system does not require an audio delay so that the audio lines
up with the delayed video. Such a SGS is also desirable because the video delay
can be minimized, thus allowing the audio offset to be minimal or if necessary
allowing for a minimal required delay in audio for audio/video output

synchronization.
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10 position of the input vertical frame wite pointer so that output frane
rate delay can be adjusted to near zero. For instance, a desirable SGS
woul d al | owoloBgesziput put vertical franme delay as conpar egcirarshisdonput to be
reduced as nuch as possible while still allowng the SGS to functi on.
Hence, although an SGS can not have a (Qwdelay unless it processes and 15
outputs lines as they cone in, an SGS can have near 0 delay if the input
and output frame rates are | ocked together, and the read and wite

poi nters adjustable as co TIog ™ at | arge staging
events where the video is j detay causing processing and
recordi ng steps, accunulation of delay can be mnimzed. As a result, a
very low franme delay 20 | arge stage event system does not require an audio
delay so that t hEhisimtrentibn destribepa mictiod Akl ajfparares forivdedcallPledkingg SCS i s

al so desirabl e because the video delay can be mnimzed, thus allow ng the
audi o of f seinpu apd owitputrmdecirame rates ebseneor motesmbnglimentsofithepresentr equi r ed

(RULE 265 Vivoidh$hq own visBer s8nEs ookt eimacey e Lo st (AR EG ot
rnventi on

descri bes Grhid | H@ﬁ:‘ﬂé Ny . out put

vi deo f rangr%%&elgg ﬁnqg%ﬁgﬁg% m?gﬁ@%ﬁﬁ%ﬁ%?&%&y e gp}iri%té%r?f?‘%hg&ﬁ}%%/ent I on,

the output wffdsheate, S \8elhp ateQskesblédtaild diewitistthe U@ tb RN viEROIHGR| Sync,

regardl ess of the input format and frequency. The output resol ution,

~hori zont al ame$owsthanducprding talihleaperss desired prefetencesa Wertiedllydoidkigg t he user

to view video from any source and according to ,the_user's desired
pr ef er encesthejaput ad putpubaama gates assuresthat pixels omydifferend iput framesassur es

that pixels_fro HE ta 1 NPUt 10 are not superinposed on one
out put ﬁan%“ter}dr?sghe ehg%&ér?en ,01{%?%%%15.6 Locked Loops are connected in
series. The In one embodiment, two Phase Locked Loops are connected in series. The

first Phase Locked Loop generates the output pixel clock required to satisfy the

user’s display preferences. The first Phase Locked Loop may not precisely

generate the desired output pixel clock required for frame locking because

15  current Phase Locked Loops require integer divider values and the desired
divider value may compute to a non-integer number. Therefore, the non-
integer or fractional part in divider value is lost. However, a second Phase
Locked Loop is used to compensate for the loss of the fractional part in divider
value. The second Phase Locked Loop uses a Voltage Controlled Crystal

20  Oscillator or an equivalent device with finite adjustment capability to generate
the reference frequency for the first Phase Locked Loop. Hence,' in one or more
embodiments, the reference frequency is finitely adjustable until a lock is
achieved.

In one or more embodiments, an output timing generator generates the

25 horizontal and vertical sync pulses. The output vertical sync pulse is phase
locked with the input vertical sync pulse. A free running oscillator measures the
frequency of the incoming video and sends its output to a micro-controller that
computes the divider required in the first Phase Locked Loop based on user
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first Phase Locked Loop generates the output pixel clock required to
satisfy the wuser's display preferences. The first Phase Locked Loop may
not preci seiwoogm®sar ate the desired out put pixel clock reqﬁi:.ffﬁ ojsg‘)rpframa

| ocki ng because 15 current Phase Locked Loops require integer divider

val ues and the desired divider value nelg conpute to a non-integer numnber.
Therefore, the non- integer or fractional part in divider value is |ost.
However, a second Phase Locked Loop is used to conpensate for the |oss of
the fracti ongdledied bulpt PrefeféBtes. iHRer 5ga%€§k p uses a
Vol tage Controll ed C?rp?s?al 20 Os\(;qu{I | at o;rm r an qucﬁggﬁglg#’ g‘\ﬁl?ecﬂé&%th
finite adjusversinel ioppbdrd output vidperfesnssthréugh thef Egatngnr.f or the
first Phase Locked Loop. Hence, in one or nore enbodinents, the reference
frequency is finitely adjustable until a lock is achieved. In one or nore
enbodi nents, an output timng generator generates the 25 horizontal and
vertical sync pul ses. The output vertical sync pulse is phase |ocked with
the input vertical sync pulse. A free running oscillator neasures the
frequency of the incomng video and sends its output to a mcro-controller
that conputes the divider required in the first Phase Locked Loop based on
user SUBSTI TUTE SHEET (RULE 26) is Il WD 02/19311 PCT/ US00/ 35659 'S

sel ect ed out put preferences. The user nmay al so adjust the delay between the
vertical input and output video franes through the output timng generator.
SUBSTI TUTE SHEET (RULE 26) WD 02/19311 PCT/ 1JS00/ 35659 19 BRI EF DES(-- ON
OF THE DRAWNGS Figure 1 illustrates a typical graphics environnment show ng
vari ous pieces
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of digital display technol ogy connected by a graphics swi tcher, according
to an 5 enbodi nent of the present invention. Figure 2 illustrates a digital
di spl ay dewg@nssigw ng the pixel matrix for displaying gprig§f@gissoaccordi ng
to an enbodi nent of the present invention. 10 Figure 3 illustrates a
digital display output inmge having a "WWear", according to an enbodi nent of
the present invention. Figure 4 is an attenpted illustration of the input -
and output vertical sync pulse results when the output vertical sync pul se

is not |ocked with the iE@%’ (RIPORIOBYRE DRAWANGS gure 5 is an
Il lustration of the input and output vertical sync pulse results when the.

out put vertical sync pulse is |locked in phase with the input vertical sync
pul se, according to an_enbodi ment of the present invention. 20 Figure 6 is
a bl ock diagr amgP@gmzs1tl¥p$¥%tﬁsﬁméﬂllgmp@@wwm§éh@mgmﬁaubpmc¢s di agram

of two Phase. |,oc oqQps tached in series, in, acgordance ywth an

enbodi ment %ff&igﬁé‘%é&% gﬂf?’bﬁ‘ﬁ“e%’%&ﬂ’g‘mgsf"’%tcge%ﬁ g39fAm of an
enbodi t e (9 jon. _used to | ock the input and out put
verti cgfwsy%béa eeg‘?gg%%ﬁfﬂ%?@@@ﬁ'(mm 26) i!li WD 02/19311

PCT/ USOCQ' 35659 20 Figure 9 is a flow diagram showi ng horizontal sync pul se
generation in accordance with an enbodi nent of the present invention.
Figure 10 is a fHigwreQiihgsteatesd digttabdisplapidetice Shewing! the pixebmiatrdefor pul se, in

5 accordance with an enbodiment of the Invention. Figure 11 is a logic
di agram of <displaying-asdmags! 2asprding i amembpdineent ef the present invention.

10 Figure 3 illustrates a digital display output image having a “tear”,

according to an embodiment of the present invention.

Figure 4 is an attempted illustration of the input and output vertical sync
pulse results when the output vertical sync pulse is not locked with the input
15  vertical sync pulse.

Figure 5 is an illustration of the input and output vertical sync pulse
results when the output vertical sync pulse is locked in phase with the input
vertical sync pulse, according to an embodiment of the present invention.

20
Figure 6 is a block diagram of a typical phase locked loop.
Figure 7 is a block diagram of two Phase Lock Loops attached in series, in
accordance with an embodiment of the present invention.
25

Figure 8 is a block diagram of an embodiment of the present invention
used to lock the input and output vertical sync rates,
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timng generator for the horizontal sync pul se show ng the |ogic gates of
the generator, in accordance with an enbodi nent of the invention. 10
Figure 12 iwoahsgi ¢ di agram of the output tim ng generat eeTiuséo/isksd

hori zontal sync pul se showi ng the |ogic gates of the generator programred
for a 1024 by 768 (i.e. 1344 by 806 topgal) output, in accordance with an
enbodi nent of the invention. 15 Figure 13 is a |logic diagramshow ng the
reference divider, vertical phase detector, and the error correction

charge punp, in i e i L J SUBSTI TUTE
SHEET (RULE 26) %%“’8%? ?%%?ﬁwﬁﬁﬁ%aﬁ%%ﬁ%%&%%%%?@ﬂ& OF TIE
INVET~T | ON abhgidhReSRith 3 &R&Mﬁ'ﬁﬁﬁoﬂh@?r%ﬁtﬁﬂ@nﬁaﬁﬁr atus for vertically

| ocking input and output signals fromdiffering video sources. In the
followi ng 5 description, nunerous specific details are set forth to provide
a nore thorough _description of enbodinents of the invention, It will be
appar ent, howevefFigure 10 iswflowi dirgram of generation ofithe outpvé verficehplse ifmy be
practiced without these specifij.c efails. ILn other instances, well known

f eat ur es haAs“M %@Fﬁ@@s@%%@@ﬁ%@@ﬁ“’eﬂ@& as not to obscure the
invention. 10 In one or nore enbodi ments of the present invention, the
apparatus and nethods described herein provide the capability to | ock the
i nput and out put FigtirdqQ if & Rsgc ARERAM OF a Mickd-QAURINEY bragramhehifils oiipRei fi ed
output resolution.” In a typical "application, videoS fromnultiple sources
arrive wth tithingarenaatdr fomthe hatizmntalsyne patseshowirg theflegie gatgswif the deo
signals are scaled to match the output 15 video requirenment and are
subsequent | \BeBaateR, imacarrdance arits an gmbodimentof tapipiveation.

10

Figure 12 is a logic diagram of the output timing generator for the
horizontal sync pulse showing the logic gates of the generator programmed for
a 1024 by 768 (i.e. 1344 by 806 total) output, in accordance with an embodiment
of the invention.
15
Figure 13 is a logic diagram showing the reference divider, vertical phase
detector, and the error correction charge pump, in accordance with an

embodiment of the invention.
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The desire is for the output resolution to be able to remain constant, at
user preset values, while the input video sources vary both in resolution
and ti m ngwobBRes sl i ous net hods for nodifying the input péflgossgyal to
desired output resolution include: video scaling, |ine doublers, and
quadrupl ers. These 20 nethods are disgussed in nore detail in the
background. However, whatever the desired output resolution, fuzziness my
occur when switching between nultiple video sources or when, for

exanpl e, -a canmera is ppRTAH R DRSCRESAON O THRINVANTIOREd: Because the

I nput video data is witten into nenory before scaling occurs. If the
writing and reading pointers are not synchroni zed, sone 25 sections of the
di spl ay screen may have data froma different input frame from other
sections of theg] : O ondl | ' Lon is to
synchroni ze theﬁ%%&%@%ﬁ%ﬁ?ﬁ?%ﬁ%‘%@%&ggﬁﬁﬁﬁ?ﬁgﬁﬂpﬁ associ at ed
wi th SUBSTIiip{fifandHiitpuf Sighsls o Mlfetia) Y fiblsoneddsUROHeIB6Ringan entire input
frame can be read and displayed at thé output, and at the desired output

r esol ut iSon.desgriptioal, hymexo@hspeeificdekadld akoset f¢1#h k) provids a dndre thearbiigh e

synchroni zation. A PLL is a clased |oop feedback system where the

f ?/eq uency &esgiRiion %fr%‘b?‘ﬁﬁl@n@f Sheinven '%sﬁf‘ﬁglrﬁet qféamfpmwweréof requency
generator) is nt.t.ol.l ed varying..t he input t var i e frequency
Gener at or ) SBE SRR e Mt B Yot gy I Prab e Y RO A B PR
reference %E%EehEﬁiéméa&%ﬁQ@kﬁﬁ@fegﬁu@@ﬁfg}%ﬁ%Eﬁso gd i Qetall

reference oscillator output with the phase o a Vol tage

Cont r ol | ed s&%€ nbt & cBscid e ifvdigion. t he VCO i s the variabl e frequency 10
generator) in order to generate a phase error signal. The error signal is

condi tijgned andyyiggélot &@H%bd%@?@’&ﬂh@%%ﬁ%&%ﬁ% génat%é‘&&’co

mat ches the frequency of the r rence at or. e swept over

the frequengsthods@esceibed herirepiovide the eapibibily toledk the npue@duipett of t he
VCO is the output of the PLL system which is used as
video frame rates (i.e. frequency) at a user specified output resolution. Ina

typical application, videos from mﬁlﬁple sources arrive with differing frame
rates and resolutions. These input video signals are scaled to match the output

15  video requirement and are subsequently output at high rates to a display device.
The desire i§ for the output resolution to be able to remain constant, at user

preset values, while the input video sources vary both in resolution and timing,.

The various methods for modifying the input video signal to desired
output resolution include: video scaling, line doublers, and quadruplers. These
20 methods are discussed in more detail in the background. However, whatever
the desired output resolution, fuzziness may occur when switching between
multiple video sources or when, for example, a camera is panned at a reasonable
rate of speed. Because the input video data is written into memory before
scaling occurs. If the writing and reading pointers are not synchronized, some
25  sections of the display screen may have data from a different input frame from
other sections of the display screen. The object of the present invention is to

synchronize the input and output frame rates so that the picture associated with
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15 the dock for different applications. In a PLL, the VCO output is fed
back through a programmuabl e di vider and conpared with a reference frequency
in a Phasewbabgssipr. The reference frequency is usually passgehdsggoough a
reference divider in practical applications. The reference is usually a
crystal oscillator, VCXO (Voltage Contkdl|led Crystal Gscillator), but

m ght be the output of 20 another PLL. The Phase Detector generates an
error voltage that steers the VCO to |ock the VCO output to the sane
frequency agnfchfird wa&&oaﬁllﬁttéfd&aaisgl ea@fﬂsaa&gafpaaaatm&éheahase

| ocked | oop. The input to the PLL is th ut put of reference oscillator,
usual |y a cropghiresslatibhat or, which is fed through a frequency divider at
bl ock 602 to generate the desired (i.e. reference) 25 sync rate (i.e.

frequency). The FU3genPe! BIGdLL. d@%}ﬁ@ﬁl. Q188 16 AcHiFPyncRioni 2
Ref erence Divi derg}gl ch,,e‘é 602, \(/)vith out put %f PLL % vi der “bl ocok 616me

generate tirePnhas;scbeé@loogdédeb \mhéﬂeghahegu&tgrmﬂonefsi@dabghe6lo i's
the generated SUBSTI TUTE SHEET (RULE 26) WD 02/19311° PCT/ US00/ 35659 23

frequency f spne phlses/fonuthe addputefia frequency Igenenator] iscontiolled bys@8yidgyvi ded by
a PLL divider, value. For. loop stability, the ?hasgﬁ:ﬁrror s filtered in

bl ock 606 [Be Bpatpe pygrigkledraqyency; generatar se/that igp facked in phass veith Bhe i zes,

t he out put 0,1 Kk in phase (i, €. re i s ase

di ff erence) %%ﬁ ﬁ@%‘%ﬁ?‘é} aeJr;egﬁ‘Jc‘::'gge %%fﬁ' pﬁ{m 5268 UESW?CF‘EA}% Cal system
the VOO operphgsofd r&eﬁeheaa&ﬂ%@émgﬁ%&m%e SO HE BulhtR b Vdlaie! he
reference. For exanple, assum ng a desired requency step of 25 and a

crystal ref &ontmdletir@siltatoy(VTO(Miere the VOOSs tlasearidbie frequgrepce di vi der
will divide the crystal reference by 160 (4Miz divide 10 by 160 = 25 KHz).
For a V30 owgeperatey) i prderdq gaptrete 21pkase exrqr signal.PLhe emmpy sigoal isoul d be set

O 0 LS S U SO RSt LB o DSV

the frequency of the reference oscillator.

A VCO can be swept over the frequency range of interest by a control

voltage. The cutput of the VCO is the output of the PLL system, which is used as

15  the clock for different applications. In a PLL, the VCO output is fed back
through a programmable divider and compared with a reference frequency in a
Phase Detector. The reference frequency is usually passed through a reference
divider in practical applications. The reference is usually a crystal oscillator,
VCXO (Voltage Controlled Crystal Oscillator), but might be the output of

20 another PLL. The Phase Detector generates an error voltage that steers the VCo
to lock the VCO output to the same frequency as the reference.

Figure 6 is a block diagram of typical phase locked loop. The input to the
PLL is the output of a reference oscillator, usually a crystal oscillator, which is fed
through a frequency divider at block 602 to generate the desired (i.e. reference)
25 syncrate (i.e. frequency). The Phase Detector, block 604, compares output of the
Reference Divider block, 602, with output of PLL Divider block 610 to generate
the phase error between the two signals. Output of block 610 is the generated
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detector are both 25 KHz. Note that because of current hardware
constraints, the PLL divider is an integer nunber (generated by a binary

machi ne). waobjeiprer, it would be apparent to those of qpgigd@isesskill that
this invention can be practiced with any PLL type device that allows for

| ocking of the output frequency to a rgference frequency. The final
conponent in the PLL systemis the loop filter. This is necessary because
a typical phase detector does not generate a "DC' error voltage but 20

the bt or ol SRS PR A SoPmC pe T s el e T Ve o
negat i ve 90pNig dHBARIGHRANG LN AL e Sl el PR ERIERE | Lhi s

wavef orm were app I rect to t broad, frequency nodul at ed

si gnal woul Befofsbdihg usétbtd apist thd VEO. iWheg dailesp sabilides; thgestput 66 PD out put
to 25 produce a snooth error voltage. The phase detector may be integrated
i nto the PLblockpi0 isllockediin phasedfi.edhenerisibd phasefdiffenenee) avith theirefedinceder s and
digital g¢ontrol ciﬁcu't . There SUBSTI TUTE SHEET (RULE 26) WD 02/ 19311
PCT/ US00? 358%@ut off E‘F%é%ver al possi bl e enbodi nents of phase detector
circuits. Mbst nodem PLL chips use a charge punp circuit. The output of

t he charge punp Ine typicalsystenethe VGEpperategat a freguenapancerdesof ntegrated to

produce the VCO cqgnirol signal. .The 1loop filfer integrates fhe pul sed
butput - f r orPRRELtpe bihge hafldhs Feferepoe Heexamples suiiaga detied 00 Lont r o
vol t age. Vagyl C I ' ' A L
performnce&xﬂg&ﬁgge&éggg%ﬁ%??&?ﬁ%&%ﬁ&g?f/rl%"(llaérn%?gan |iﬁ!t}§d:§%rs nunber. In
that di scugdsk @k refdiendeUiivides wilbdRideOmhe @Byt réfirenbOb R 160 @MFIREHSEe | Nt eger
numbers when the frequencies were scal ed down for input into the phase

det ect otQ |by 160 pR25&Hz)e Fona¥ €} output offor examiple)d465 Mz the¢ RBLis result from

the scaling effort,
® 508 NOpfider wbuld be set at 5860 to divide 1465 MEz down to 25 KElz. Thus when

the loop is locked, the reference and VCO signals presented to the phase
detector are both 25 KHz. Note that because of current hardware constraints,
the PLL divider is an integer number (generated by a binary machine).

15 However, it would be apparent to those of ordinary skill that this invention can
be practiced with any PLL type device that allows for locking of the output
frequency to a reference frequency.

The final component in the PLL system is the loop filter. This is necessary
. because a typical phase detector does not generatea “DC” error voltage but
20 rather a pulsed waveform depending on the loop lock situation. For example
the Motorola MC145170 PD output is a logic level signal with positive or
negative going pulses (depending on how the chip is programmed). If this
waveform were applied directly to the VCO a broad, frequency modulated
signal would result. The loop filter integrates (or averages) the PD output to

25 produce a smooth error voltage.

The phase detector may be integrated into the PLL chip along with

programmable reference and main dividers and digital control circuitry. There
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t hereby causing | ost precision. The | ost precision nmay create problens that
prevent the output of the VCO fromtruly locking with the reference input

t hereby crqggspspndesirable video effects when swi tchi ngp8giiRRREessdi f f er ent
vi deo sources. To understand the problem we exanmi ne a typical video 15
application. Supposing there is a desirggto project a typical NTISC
(National Television Standards Conmttee) video signal that arrives at

15, 734. 26573 Hertz Horizontal input frequency and 59.94 Hertz Verti cal

i nput frequenc al so || ed t.h haor.i zont al d.verti s), on a
1024 by 7eeTRiese PO e e B PO Girelir i, e B 18

hori zont al | 3¢ ' ’ l14&4)

Resol ut i ons%ghg%ggﬁ?ﬁgg? | %lrd;%tl %uﬂ%%ﬁgﬂdrgghgfrlﬁs?el? rb@{irgl active
di spl ay regipalbed Wiebdom, Svhid integrated t6 prauiice ¢hé VERedritkes siginahl Ehe ar ea.

In actuality, the total display area scanned includes a bl anking area and
in the casdoay filerlifidgratgs thegrdsedi metpdt phrethephiase detedtdn to pyodd®e aof t ot al
resolution. This 25 total resoILi i s_used to conpute the desired dock

tion
rate (i.e. &mogthed: T ¥GQ confrolvioltageoyarying the seanpanens valuesin e ween t he
reference a th?é{%ﬁﬂﬂ;t t is zero, the follow ng equation applies:
SUBSTI TUTE SHEETT? 8%??/(6‘%‘5?19311 PCT/ US00/ 35659 25 VCXO Freq VCO
Qut put Frequency Reference Divider PLL Divider 5 The desired VCO out put,
that is the freqd6seSrupsedierrliey, the PLEdivider is asintegennumber- i that ame r at es,

fram as t REMCHEHPAbe BUmpe HFa com GRisr L Do B Fp ek IRteEet DS 1 put =
(vert | npUt ofeiihe QLA LneBEMUR R o Bip il tOYfiShd abtekifl @00 S0l ving

for the PLL divi ue results In the
10  practice however, integer numbers do not always result from the scaling effort,

thereby causing lost precision. The lost precision may create problems that

prevent the output of the VCO from truly locking with the reference input

thereby creating undesirable video effects when switching between different
~ video sources. To understand the problem, we examine a typical video

15  application.

Supposing there is a desire to project a typical NTSC (National Television
Standards Committee) video signal that arrives at 15,734.26573 Hertz Horizontal
input frequency and 59.94 Hertz Vertical input frequency (also called the
horizontal and vertical sync rates), on a 1024 by 768 resolution display screen.
20  Where 1024 is the output horizontal resolution, and 768 is the output vertical
resolution. Resolutions are specified in pixel counts and are usually refer to
active display region. Therefore, 1024 by 768 comprise the active display area.
In actuality, the total display area scanned includes a blanking area and in the
case of a 1024 by 768 active display will be 1344 by 806 of total resolution. This
25 total resolution is used to compute the desired clock rate (i.e. output frequency
of the VCO). When the phase error between the reference and the VCO output

is zero, the following equation applies:
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equation: 15 (Vert Input Freq)(CQutput Vert Res)(Qutput Hor Res) PLL

DI VIDER (VCXO Freq)/ (Reference Divider) Substituting a VCXO nom nal
frequency @o g2/40$190, 000 Hertz, and a 20 reference di vi depcpiysdeseéso’ €sul t's
in a value of 2462.562 for the PLL Divider, which is a non-integer nunber.
As previously discussed, PLL Divider vakues are currently limted to

I nteger values due to hardware limtations. Thus, the fractional part (Le.
.562) nust be discarded resulting in a PLL D vider value of 2462.

Back-cal cul ating for the desired VCXO nom nal frequency required to 25

provide a | ock resul ' 006, 167. 51 one can certainly.
mani pul ate t he nunbep?){(g%‘?]%vi de a non@%@r@ﬂ{n | vi der. However,
there are physic thatNL.s | i ke, for ex . ref erence divider
must also be a bﬁgfsﬁg |veﬁl?indf%ger nunber (ev?ﬁﬂl?wg%ferri ng to Figure 4,
due to tg1e inability to account for the fractional part of the PLL
Divider there is a relative notion SUBSTI TUTE SHEET (RULE 26) WD 02/ 19311
PCT/ USO0/ 35659 26 between the output vertical sync pul se 406 and the input
vertical sync pUbeelesiogl VE&2 auipattthatis thie freguency vequired todocK thefmpist To | ock

I n phase, both frequencies  nust be equal. In general, the reference
di vi der anmw%amaa@@ﬁé thesfrequency zeguired tQ ty@# theantire autpuyt pixel

reference fyequepcy (i.e. VCXO f.re Referepnce (i der) is. as | ow a
frequency aéaﬁﬂ&g%ﬁ%‘egﬁm?ﬁsﬁlﬂp oé? -eiﬁ?fﬁ%‘%é%&?%{lgigh" fitter.
The out put reference frequency cannot be too | ow because as the frequency
decreasgs the P st have_a bigh RLL divider_ to _conpensate, which
causes Yore ji M@Hﬂ“’f%&e’ﬁ%ﬁt&{r‘?@t %&%rk@“@%ﬂ‘fﬁ%%eé)he out put
reference 10 frequency is the snmallest frequency step or change that can be
made by the PLL

Substituting and solving for the PLL divider value results in the following

equation:

15 (Vert Input Freq)(Output Vert Res)(Output Hor Res)
PLL DIVIDER =
(VCXO Freq)/(Reference Divider)

Substituting a VCXO nominal frequency of 27,000,000 Hertz, and a

20 reference divider of 1024 results in a value of 2462.562 for the PLL Divider, which
is a non-integer number. As previously discussed, PLL Divider values are
currently limited to integer values due to hardware limitations. Thus, the
fractional part (i.e. .562) must be discarded resulting in a PLL Divider value of
2462. Back-calculating for the desired VCXO nominal frequency required to

25 provide a lock results in 27,006,167.51 Hertz. Note that one can certainly
manipulate the numbers to provide a non-fractional PLL divider. However,
there are physical constraints like, for example, the reference divider must also
be a positive integer number (even 1). Referring to Figure 4, due to the inability
to account for the fractional part of the PLL Divider, there is a relative motion

SUBSTITUTE SHEET (RULE 26)



because it can only nultiply the frequency by integer nunbers. This neans
the bigger the reference; the nore off the PLL frequency coul d possibly be
whi ch  woulwohgeesif € hi gher adjustment to the VCXO to nakecumséossese
difference. Current technology linmts VCXOs to the 500 to 1000 ppm range
(parts per 15 mllion). Those of ordinapg skill will recognize that the
present inventionis not Ilimted to use of VCXOs with this frequency
range. Any VCXO with adjustable frequency may be used in practice. The

desire to swy . | V) OB IRk S | splay a
w de vari e_t\y 0 %ﬁ%%@%ﬁ#@gﬁ&%ﬁ%%%ons fﬂ&g%‘és&i‘{%%%@%@%%dc# 20

choose a fi xRdnitdh&F fre eﬂcﬁ&ﬁ@h@fﬁ@ﬁ@d.f'f@wéﬁ@ﬁghagé}'ﬁoﬂ{ﬁ Rcles that the
nunber of pixel data that nust be read between each verticall sync pulse is

gi ven by thenwstibeiegahl.i nput frequency nmultiplied by the output vertical
resolution and the output horizontal resolution. For our exanple case
above, that nunbey obseral fhedrdffe ée&i@ide?ghgﬂxév@m fﬂegﬁeﬂczﬂali'érsﬁ g equency
for the PLL output™it all the 25 display data is to be read wthin the

verti cal 5symnach that @se olripue veferenkd freq; dle. WEXOdteqgf Refizendelitvide)is may
specify different resolutions and al so because the input frequencies my
vary dependiasdown feesgnency asipossihlefor. theBBETo TackorJarem mrintaEndey jier.02/ 19311
PCT/ US00/ 35659 27 To rovige consistent lock in the casge gnere a user
speci fies di it referepcn frequescy crvet bertgp losy beeaysg g e BEIUENE at t ached

Lock Loops. SITHMA bl Hilihate aTghirPrL, diiiddy ) (nl AR AR ool 12°°
present. | nvGRbicifier 2ha 15k QEILITY2 AL, Brlshe high &daPiRldugbilefdbeeand DI ock

704, PLL2, is the additional L for acco date the fractional part of
the PLL 10 viferpuenasisdhe smalest fadgaency stée or chargethatnanderhade by ggPLInunber
(N) is used for the PLL Divider in the PLL block 702 tOﬂggerate t he pi xel
dock (out putberausgitsaygnly mrulsiply thedrequency binintegarmupabers. This means the

bigger the reference; the more off the PLL frequency could possibly be which

-

would require higher adjustment to the VCXO to make up the difference.

Current technology limits VCXO's to the +500 to 1000 ppm range (parts per
15 million). Those of ordinary skill will recognize that the present invention is not

limited to use of VCXOs with this frequency range. Any VCXO with adjustable

frequency may be used in practice.

The desire to switch between multiple video sources, formats, and to

display a wide variety of user-selectable resolutions, makes it impossible to

20 choose a fixed number for the reference frequency. The problem is that the
number of pixel data that must be read between each vertical sync pulse is given
by the vertical input frequency multiplied by the output vertical resolution and
the output horizontal resolution. For our example case above, that number is
64,930,844.16. This is also the required frequency for the PLL output if all the

25 display data is to be read within the vertical sync pulses. However, this number
varies because the user may specify different resolutions and also because the

input frequencies may vary depending on source and format.
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sync generator, block 706, to generate the output vertical sync pul se
(Vs-out). 10 To account for the lost fractional part of the PLL D vider, a
second Phagg d2Q6d9¢d Loop, block 704 is added in series perifysés the
necessary adjustnment to the reference frequency and synchroni ze the out put
vertical sync pulse with the input veRrical sync pulse (Vs-in). Mre
detail ed descriptions of the operation and contents of each block are
provi ded below. 15 . A single Phase Locked Loop may be used; however, the
required output To;preﬁa%%ﬁsiéﬁhmkkﬁ{%@s@&h@w&ugebayeﬁsma%ﬁftZ W th an
i nput reference of 60 Hertz would require a PLL D vider value of nore than
1, 000, 000 it resolitionsyake Hhasell.bdld Kodps ateattdahied lin seridsias shdwm liwop, since

- every reference pulse would require over a mllion oscillator cycles.

Ther ef or e, Figimed. (Riguret7-is @ bleckdiagrapsofiova Fhase Liock Loopeattachedir sexigs, on
easier and nore precise, Finally, to accomodate varying.input frequencies,
a nmeans forn aﬁ@ﬁg%ﬁqeﬁﬁﬂﬂﬁ@ ﬁ@“\fa‘ﬁ P’E?&Fn"s’?ﬁ%“t#%dﬂ'@rw D2a4ded. A

Cnout st Chiicle EongRar PLEBRA bk fOF PRLEE Ble 4N PELES"T ' 0 00K "
Figure 8 dia@&fxﬁ‘ﬂ?oh&bettﬂ_@ffai&ﬁ&ﬁdi?:aﬂfof%eﬂlgﬁﬁd&,a&ﬁf‘scﬁé%@aiaﬂé“;é.olr%epf bl ocks

810 through 818 is equivalent to PLL2 of Figure 7, and the conbi nation of

bl ocks 820 civzdstPddsible iftpger atmber () iPlsel fot thePIHLI Divider IURSFLIL UldckSHEET
(RULE 26) WD 02/19311 PCT/[JSOQ 35659 28 Vertical Frequency Measure

Ref erri ng 782 ko generatgithe pixel tlack(cuéprutgtegueney): which feeds intethe ygrtical at e (t he
reference rate) i s neasure 0 very accurate resolution usi a high
frequency 5YP¢ @?ﬁﬁ?ﬁﬁ&%gﬁ fe &?r@Fath‘}e. ogput XE'fStﬁﬂfs%‘F Wiﬁet(l{}g-é?“tgr equency
Measur gbl | Sal f. s vertd i | ock 804
count s Row eSOty bt e MU ar L PLETiviRE d Rnd HBE LoBhed |
vertical syepPlbele?os f5Qidded Fbeértss to provide the necessary adjustment to the

reference frequency and synchronize the output vertical sync pulse with the
input vertical sync pulse (Vs_in). More detailed descriptions of the operation and
contents of each block are provided below.

15 . A single Phase Locked Loop may be used; however, the required output
frequency (pixel clock) of more than 60 megahertz with an input reference of 60
Hertz would require a PLL Divider value of more than 1,000,000 which would
make it difficult to stabilize the PLL loop, since every reference pulse would
require over a million oscillator cycles. Therefore, using two Phase Lock Loops

20 1in series makes stabilization easier and more precise.

Finally, to accommodate varying input frequencies, a means for
measuring the incoming vertical sync frequency is added. A block diagram of an
embodiment of the present invention used to lock the input and output vertical
sync rates is shown in Figure 8. To put the Figure 8 diagram in the context of

25 Figure 7, the combination of blocks 810 through 818 is equivalent to PLL2 of
Figure 7, and the combination of blocks 820 and 822 is equivalent to PLL1 of
Figure 7.

SUBSTITUTE SHEET (RULE 26)



oscillator 804 having a frequency of 27,000,000 Hertz used on an NTSC
vertical sync input of 59.94 Hertz will result in an output nunber of
counts of 4a8s#e$110 from bl ock 804. The actual nunber i pcRlseiN36900/ 59. 94
whi ch is 450, 450. 450, that is a non-integer value. Since only nunbers of
oscillator 802 pul ses are counted, thezifraction drops off, resulting in
|-ost precision and further inability to lock. Therefore, it may be

advant ageous to use a faster oscillator. It is also desirable for the free
runni ng oscillator 802 and the VCXO 818 noninal frequency to be 15 the sane
value to help mnimze the calculations that the mcro-controller nust
perform Mcro-Controller Calculation The output nunber of counts from

bl ock 804 i sVértigakBreguencygiMeagussntrol | er 20 block 808. In addition to its
ot her functions, the mcro-controller block 808 selects a reference

di vi der 820 and [Reférpingtbaek ko Figareslin bloak 804 thet inpubwertital syherat@(theDi vi der
val ue that feeds into _block 826 of PLL block 822. As discussed earlier,
the ref er enckeferengegate) gpmeasured to vty agepnrie resolpten yeingahigh frequenay cr o-

{1 equenc bs  PROMSUNE SRR, 10 Suatt ot yemeRC P g M R o B4 ©! 9
I ' ' ' led b
he m cr o- contronTaper SRR vR P Ry e Plock EDE LS gy e | od B

PCT/ US00/ 3568fhe 38killdtor 801 dechbbetivean Bitro irfpritverti@l syreapulsesn Bof &xagnsIacy
whi ch nust be the sane on both the input and the output sides for the

frames to | oedcillator 8Pddavingalirequency bf 274,000,000 StertzusedianeariNEBC vertital ol | er
808 ma conprise a mgGr ocessor nuf actured by Mot orol a, as one of
Che B boner PBme IR ORoP A ATl estlbn o SEPE PPt LpeRi D oo by
I ntel, sugh 3 i ) rs, or
a SPARCT mﬁgﬁloﬁpﬂr}g%ggé (lji[r’h e% rggir%ql g%% %%(s:r2 g’g?/és?@r{‘ss %%%gmwgﬁg ot her

sui tabl e is a non-integer value. Since only numbers of oscillator 802 pulses are counted,

the fraction drops off, resulting in lost precision and further inability to lock.

Therefore, it may be advantageous to use a faster oscillator. It is also desirable

for the free rtinning oscillator 802 and the VCXO 818 nominal frequency to be
15 the same value to help minimize the calculations that the micro-controller must

perform.

Micro-Controller Calculation

The output number of counts from block 804 is fed to the micro-controller
20 block 808. In addition to its other functions, the micro-controller block 808
selects a reference divider 820 and performs all the calculations to compute the
PLL Divider value that feeds into block 826 of PLL block 822. As discussed
earlier, the reference divider 820 can be any positive integer value. The micro-
controller computations are based on user selectable output horizontal
25 frequencies, horizontal resolutions, and vertical resolutions. The selection may

be accomplished through a user interface also controlled by the micro-controller.
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m croprocessor or mcroconputer may be utilized. 10 Pixel O ock Generating
Phase Locked Loop The pi xel clock generating PLL, bl ock 822, generates the
pi xel dockwipahResrfequired to read all the desired displ agcfighdsdéshhi n the
vertical sync period. For exanple, an NISC video input at 59.94 Hz
vertical sync frequency on a 1344 by 86 display requires a pixel dock
rate of 64,930,844.16 Hertz. 15 The input to the pixel dock generating PLL
is the output of the reference divider block 820, which receives its input

fromthe VQXO b k 818..The  V 8 It . nomi.n fr ncy, and
I s adj usta 05\15381?0’&92??"51?1&}9&’&%% Egéca#?@&nﬁz’t‘%‘gﬁ ng%g]bf! ?\eﬁ?ﬁﬁgﬁrts per .
mllion (p iRt J‘gﬁaﬁg%ﬂ@% £ , a 500 ppm adj ust nent
range for g%ﬂﬁﬁpﬁégg% equl va entrto 2?13%%1@& (i.e. 500 tines
23000 oS BRRS wR o B SRR Bt
Det ect or, : . Jﬁiw?n wo signals.
The pi xel gé%%%gg% g{ﬂ&‘lﬂasrgg%%;era e\%ﬂ%ﬁyﬂ%@éﬁ%ﬁ% %%ae’wgo {Eggthet@ci | I at or
(VCO  bboclpodr4Paifailly 'of pedcéssors, 0@ afrhictSprodesbbitmanefatired by ThRY, isieh My 25
be used to stabilize the Phase Locked Loop, as discussed earlier.
SUBSTI TUTEaSHEEI03( RRO5E, 80586, ar Ragtiofl fedxdilyl of 380LesS08 1 G56SBAREIM The pi xel
clock represents the rate at which videg data is read from mnenpory buffer.
The pi xel akigraprecasprn from SuadMiszesystamgtighnct Fowever,gny; ofier suitablac 826 t o
t he phase detector block 828 for conpakris wth the reference. It is also
S Y utzr]rITI.g %F&@%Z
fed into tHECHHfBEFr"' Gﬁ%xﬂﬁr%é’ gravor . 0, for generation of the 5

hori zontal and vertical sync pulses. Qutput Timng Generator The out put
hori zontal and vertical sync pul ses are conputed in the

10  Pixel Clock Generating Phase Locked Loop

The pixel clock generating PLL, block 822, generates the pixel clock rate
required to read all the desired display data within the vertical sync period. For

example, an NTSC video input at 59.94 Hz vertical sync frequency on a 1344 by
806 display requires a pixel clock rate of 64,930,844.16 Hertz.

15 The input to the pixel clock generating PLL is the output of the reference
divider block 820, which receives its input from the VCXO block 818. The VCXO
818 starts at a nominal frequency, and is adjustable over certain range, usually
between +500 to +1000 parts per million (ppm) with current technology. For
example, a +500 ppm adjustment range for a 27 MHz VCXO is equivalent to

20 *13,500 Hz (i.e. 500 times 27,000,000 divide by 1,000,000). Output of the
reference divider, block 820, is compared with output of the PLL divider, block
826, in the Phase Detector, block 828, to generate the phase error between the
two signals. The pixel clock output is generated by the Voltage Controlled
Oscillator (VCO) block 824 which receives the filtered phase error. Filtering may

25 be used to stabilize the Phase Locked Loop, as discussed earlier.

SUBSTITUTE SHEET (RULE 26)



Qut put Tim ng Generator (OTG block 830. The OTG generates the output 10
hor i zont al sync pulse (HS QUT) by decoding a "horizontal sync start nunber"”
and a "horig@gsphysync end nunber” off the pixel counter pefgshoRseshhe

out put format. ke pi xel .cl ock cl ocks the pixel counter. The pixel counter
resets to zero after counting to the rg@uired total nunber of pixels per
I'i ne of out put By decodi ng different nunbers for the "horizontal sync
start nunber" and the 15 "horizontal sync end nunber”, the sync to video
timng can be moyge,idehabebiep r8dahid thBYatRat WNEDEIALD Bafi 18 keHEHOR the out put
screen. Figure 9 1s*a flow d| agram show ng horizontal sync pul se generation

in accor dapgenydytbuffen. Thb pikebelotk ohitputés fet daek throngh e POL Divider € 9
executes for every cycle of the pixel clock. At power , the pixel
count er ( Pi boback@26aro e phase detastayiiipak 828dor mpamscngth(tﬁsyefereme Yltisand

Menory Read Enabl e discretes _nmay be reset horlzont al P start
P

nunber (Hsyﬁ!';soff?@m the QuipetH ﬁ?@er"éﬁ’?’db 9 (’FIS?‘F%'*‘EWE! ot al nunmber
of pi xel t start count for nmenory buffer read
(Pi xel %al&&ﬁgeréﬁ%\ %ﬁﬁﬂ%ﬁ% menory buffer read (Pixel-Read-End)
are wrltten by the mcro-controller into register 25 buffers. At entry
into bl ock 904 the pixel counter is increnented, if at block 906 the pixel
counter value is equivalent to the horizontal sync start nunber, the out put
SUBSTI TUTE $hHR Rhibp Gieralor 02/ 19311 PCT/ USOQ 35659 31 hori zontal sync
pul se is asserted at bl ock 916, processing continues at bl ock 910.

However, if the H‘hé%hgﬁﬁ%&ﬁbn!aﬁaﬁ@ﬁreﬁﬁﬂ'é&%%ﬂlse&Qréd%%\ﬁl&édh?ﬂi@' sync
start nunber but is uivalent to the horizontal sync 'end nunber at bl ock
908, then tOx&puﬂTﬂnﬂxngmemnt OTG)block 830 é[‘heﬂT@@hemttesUheoht;ﬁ:&B and

processing continues at 5 bl ock 910 For exan}) I f the val ues of Hsync.
St ar t =3 Hnd hasizautabsimegulse §ER OUE) by hagizontal synestaginuymbe’ count

of 3 and r 3R Pz J on count end” num%er” off the pixel counter based on the output

format. The pixel clock clocks the pixel counter. The pixel counter resets to zero
after counting to the required total number of pixels per line of output. By
decoding different numbers for the “horizontal sync start number” and the

15 “horizontal sync end number”, the sync to video timing can be moved, thereby

shifting or moving the picture on the output screen,

Figure 9 is a flow diagram showing horizontal sync pulse generation in
accordance with an embodiment of the present invention. Figure 9 executes for
every cycle of the pixel clock. At power-up, the pixel counter (Pixel_Counter),

20  the output horizontal sync (Hsync_Out), and Memory Read Enable discretes
may be reset. The horizontal sync start number (Hsync_Start), horizontal sync
end number (Hsync_End), total number of pixels per line (Horizontal Res.), start
count for memory buffer read (Pixel_Read_Start), and end count for memory
buffer read (Pixel_Read_End) are written by the micro-coniroller into register

25 buffers.

At entry into block 904 the pixel counter is incremented, if at block 906 the

pixel counter value is equivalent to the horizontal sync start number, the output
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At bl ock 910, the pixel counter is conpared with the start count for

menory buffer read operation, if equivalent, nenory read is enabl ed at

bl ock 920way@npsiecessi ng continues at bl ock 914, ot her WpggmsiiRE8sSsi N9
continues at 10 block 912. At block 912, the pixel counter is conpared with
the end count for nenory buffer read @gperation, if equivalent, nenory read
I s disabled, at block 922 with processing continuing at block 914. The end
count for nenory buffer read should be equivalent to the start count for

menory buf f,er. | t ' . | (wi t hout
bl anki ng) Ilgésr“szroﬁ?ﬁ %@%%Iagﬁf%%%l%ﬁgt%@%% %’?hgégéﬂn%g out put .
r esol uti on FrswhfRdis thé'ikel BRtmRads HOHEGuIVAIEt 1B¢he hddddntaf sydgtapi xel counter.
Finally, at block 914,  the pixel counier is conpared with the maxi num

out put hor imanber butdsequitralent {oi the horizomtabdyaclend glunabret at dioek 988, thewck 924 i f
they are equivalent. The pixel counter should never be greater than the
maxi mum 20 theoptputherizenial Hmerades igresshat edcWSAndproeessingroatinues aj| ock
926. Thi tir ocess js,.perfaqrnmed. for eyery.c of th i xel dock.
The out fut Tesk 0. o8 Simple: £ Bhe e ivme Siarep e Hiwmtlindel, 66 oot pu
hor i t al ' < [ d
orizonta I%%}Hm% &+®E9§§%§h§§§5§§8¥&m?§ﬁ§%d}£é{at m&@%‘k}f%&er |S use

I nstead of prXxel coun erate e sync puFse. ine counter is
cl ocked by the %ftﬁgﬂqﬁflih ‘Iﬂ%r i,.zqQntal . sync pul s etﬂgrat ed abogve) and reset
by the required 1t pixe copnisels o9 ‘Paﬁﬂf St coug e 10 is a

fl ow di agr f | . t.h | ' dance

i th an- enihatonputleiend SpBlatichy' et fthbf eafl b B sRE0E TU0

02/ 19311 PGhHUREPréaisifg cantimiest® BRIck W4, dth@wisd) Préc@bithg tortisivtg afount er) ,

and the output vértical "sync (Vsync Qut) may be reset. The vertical sync
start ridnbdlodalgnAtSlenk 912, therpixel abuntey iscompared wiihrthé eag wowttfdy , and

total nunber of ljines per frame (Vertical Lo
memory buffer read operation, if equivalent, memory read is disabled, at block

922 with processing continuing at block 914. The end count for memory buffer
read should be equivalent to the start count for memory buffer read plus the
désired output horizontal resolution (without blanking) less 1. For example, if

15  the start count is 88 and the output resolution is 1024, then the end count will be.
1111 of the pixel counter.

Finally, at block 914, the pixel counter is compared with the maximum
output horizontal resolution (including blanking) and reset at block 924 if they
are equivalent. The pixel counter should never be greater than the maximum

20 output horizontal resolution. Processing terminates at block 926. This entire
process is performed for every cycle of the pixel clock.

The output vertical sync pulse is generated in the same way, as the output
horizontal sync pulse described above, except that a line counter is used instead
of a pixel counter to generate the sync pulse. The line counter is clocked by the

25  output horizontal sync pulse (generated above) and reset by the required total
number of lines per output frame. Figure 10 is a flow diagram of generation of

the output vertical pulse, in accordance with an embodiment of the invention.
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Res) are witten by the mcro-controller into register buffers. 5 At entry
into block 1004 the line counter is increnented, if at block 1006 the |ine
counter valyg ohSosgflUi val ent to the vertical sync start nuppgigsooisagseout put
vertical sync pulse is asserted at block 1012, processing continues at

bl ock 1008. However, if the pixel counggr is not equivalent to the
vertical sync start nunmber but is equivalent to the vertical sync end
nunber at bl ock 1008, then the output 10 vertical sync pulse is reset at

bl ock 1014 and processi ng continues at. bl pck 1 . or..exanple, if the
val ues of V. j@Faﬂ%iﬁﬁﬂﬂ%ﬂv§9ﬁ%&ﬁﬁa§§Pngﬁgﬁn8i€%8“§ﬁFveaFgﬂﬂﬁE assert ed
at line cou t ) ' agta]]tgj . 19010,
the line cogy?gélgéﬁggﬁggég mi?%épﬁe naﬁ.ﬁ%%?ﬁﬁﬁﬁﬁgfbcﬁ?T%ca '?gég%gtion
(i ncludi ng RhapkhdahndRe (VAR ERd), Bhd tdtalilifibér of 113RY paf framkY{VeftitaVal ent .
The |ine counter should never be greater than the maXi num out put verti cal
resol uti on [Res) reanxittePby dbe siiny-tontrollenings registet buffers018. This entire
process is performed for every cycle of the output horizontal sync signal
conput ed sabove. ﬂtleﬁn?riﬁmmea&wmtﬁahﬁéc&hﬁeﬂﬂliﬁ&eh@h%ﬂattfw)cmde@ i nput
and the output 20 piCture adjustable because the user nmay set desired

val ues for tthelineosurtet salus édequivalttictophovatissisynt starbnumbe® tlenoitpit vi a a
user interface. Video delay (or tinme skew) adjustment requires sel ecting

any poi nt i rvertieal gynqprlsq isaaserted adladid 012, papreasging sontinnes atpinckilABt

tical | se.._ | nbodi, i gpal i ted of f
ot R YR bR RR R e PRt sl Sl RS
al | ow movemgpy; ;0 tﬁ@ﬁ&ﬁ%‘%hé'%{ﬁ%gﬁésyggeeh?%&nﬂéﬁgid& 1&6@ m&?&@%\%ﬁt i cal

sync. This separate signal Ts requency as the "out put i cal
sync, butp meyerhiel s sé 13 1B&EA S EbloSUBGH AHidroStHEE doRdhEe2S0bING 12019311
PCT/ USOQ' 35659 33 in one or nore enbodi nents of the present invention, the
Qut put Ti mi rifpr example, if the values of Vsync_Start=3 and Vsync_End=8, then Vsync_Out

will be asserted at line count of 3 and reset at line count of 8.

Finally, at block 1010, the line counter is compared with the maximum
output vertical resolution (including blanking) and reset at block 1016 if they are
15  equivalent. The line counter should never be greater than the maximum output
vertical resolution per frame. Processing terminates at block 1018. This entire
process is performed for every cycle of the output horizontal sync signal

computed above.

This architecture makes the delay between the video input and the output

20 picture adjustable because the user may set desired values for the con.stants used
in the processes of Figures 9 and 10 via a user interface. Video delay (or time
skew) adjustment requires selecting any point in the output frame to be the
locking point for the input vertical sync pulse. In an embodiment, a separate
signal is generated off the line counter and fed back to the vertical phase

25  detector, 810, to allow movement of the locking point without changing the
output vertical sync. This separate signal is the same frequency as the output
vertical sync, but may be skewed in phase.
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Generator can be represented using |l ogic gates as shown in Figures 11 and
12 using. Both the horizontal and vertical sync pul ses may be generated
usi ng the vd(ﬂ%h%gi‘esc” bed in Figures 11 and 12, however p~Bsdoi8essxampl e
bel ow, only t hori zontal sync pulse is generated. In Figure a set of
QFlip Flop pairs 1102 (up to the nunger of bits in the pixel counter)
hold the binary representation of the nunber to decode. For exanple, the -
nunber bei ng decoded could be the Horizontal Sync start nunber, or the end

nunber. Qutputs,of the Fl i p- El ops e equival enced in bl ock,1106 with
the binary repr BRERg Q{F%e ﬁgnpﬁﬁgfﬁ‘@&fﬁ?e“&“ &%%éﬁ“&}l TE8hits are
equi val ent ) %{&g}a‘;ﬁ% | - Fl hows an
exanpl e of Gdeg\(%@%%a?{%éeﬂﬁgrl zont a é%%%_%‘%aar%}géﬁqﬂﬁ&%g?g#%qom by 768
(i.e. 1344 @mﬁ%&m@haﬁﬁuﬁtﬂ%drma%ﬁwpm&sqﬁkﬂ@ énersed ghe binary
representation of the pixel counter. QJtputs of block 1202 are passed

t hrough | odogic desezibed 34 Wgurbs tlLigid 12 however) bt thebampldbelpwxehlykhe count er
reset pul se at block 1204, start of the outgut hori zontal sync pul se at

bl ock 1206 hozgentehsmapiles isigenenatnd. In Figure 31 asefefiQ BlipFlop pairs 119238, Wen
th i xel t ' ted, .t | xel ter bl 1202 |
eset to 288 Heasibarefs R e Re L po a8 bifbry FRISRIAERF pui so by
resetting ttﬂ@&u%%%ﬁ(; é%.%(lé.z or %ﬁﬂ}m@hﬂiﬁ? 38&‘32%&0&& é&ﬂfnfbe%e hori zont al

sync out bloc out pu I's asserte sync pul'se 1s reset
(i.e. no Im&roneeﬂsgﬁ&s&&ﬂmﬁaexouwiétenafnmﬁmem@ﬁtsm&h@qm@m gc out

bl ock 1208 (output ©C) is asserted by setting the flip-flop. Vertical

Tracki ng ange &privaenceshiniBodks11fb svithsthe bineay represerdatian of thapixet countl ate from
measuring the _jincomng vertical sync and also in_the conputation of the
PLL Di vI0clerL 10 Viieen alk the s ase eavivalent, owifug of e AND-gate 1d0Rispsserisgs s

associ ated with discarding the SUBSTI TUTE SHEET (RULE 26) WD 02/ 19311

PCT/ US00/ 35659 Figdire 12 shows an example of decoding the horizontal sync and reset

pulses for a 1024 by 768 (i.e. 1344 by 806 total) output resolution. Block 1202

contains the binary representation of the pixel counter. Outputs of block 1202
are passed through logic blocks 1204 through 1208 to determine the pixel

15 counter reset pulse at block 1204, start of the output horizontal sync pulse at
block 1206, and the end of the horizontal sync pulse at block 1208. When the
pixel counter reset pulse is asserted, the pixel counter block 1202 is reset to zero.

The Set/Reset Flip-Flop block 1210 asserts the sync pulse by resetting the
flip-flop 1210 (output D) when output of start of horizontal sync out block 1206
20 (output B)is asserted. The sync pulse is reset (i.e. no longer asserted) when
output of the end of horizontal sync out block 1208 (output C) is asserted by
setting the flip-flop. |

Vertical Tracking and Correction

25 As discussed earlier, errors may accumulate from measuring the
incoming vertical sync and also in the computation of the PLL Divider value used
inblock 826. These errors are due to losses associated with discarding the
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fractional conponent fromthe conputation of the PLL Divider value, which
Is currently inplenmented as an integer divider. In the earlier exanple,

the PLL Diwb@giosygs rounded off to the integer val ue of Béfwsionsssead of

the required 2462.562 for a 27 MHz oscillator, sanpling an NTSC 59.94 Hz
vertical input, for a 5 desired output g4 splay area of 1344 by 806 pi xels.
Al so, the nunber of counts per vertical neasured at block 804 was rounded
off to the integer value because fractional parts cannot be nmeasured. The

result ist - naki | ] Ut Py ; ' ; pul ses.
esult 19, BBkl chiibok 08l Ul Rbbn o ik AL PHOKFFRGESUENED Ul S05
10 ci reul tr yufsepily idpRiheiiaf éardihfoger URHAEY, Shihe Sarfie BteRiiple/the PLLES W L h
the pixel clock generating PLL. Inm one enbodi nent, the reference divider
bl ock 820, Dieider oak rptindel off tethedntegboediusd b2462ritistelhd ob theaequived ect i on
charge punp bl ock 812 are shown nore el aborat el égi n_Figure 13. The phases

of the i npu46dis2 fouagrMileostiBator, serplipgan NI 89.94 Fgarestcal inmkdovar t i cal
phase detector, cjrcuitry, .15 810, T ut .of . 1 he phase detectaqr is
Pnosed © 5 crsrigel it Bleplaape it 1340 b b Bkels| Alsp e BEes o Soir ey of or m
The error cqr 'Qﬂ 6;41%:5 a5n t ls Ol | gnal
that is a p&Fgg&Igg W gg&ag&F ﬁ%’%gse e?ror%gto\%gigﬂﬂ@r@e%%lpﬂa?{%g%}lg% sync
pul se and eicRsmhal PakisicaRhotDEReddUlRE  TH eRNk isthe h%ﬂﬁzrte locdk@hé BfHtON
charge punp 812 207is filtered in |ow pass filter block 814. The'l ow pass
filter stabiahdoatputherticabpyrarplilsegenerates a "DC' voltage error fromthe

pul sed error correction charge punp 810 output. The output of the |ow pass
filter may be bu%%ﬁ@ct%ﬁgk&&&n&&&ﬁaedmmeh@aﬂiﬁe«ytbrmga@e&namm for
the VCXO (i.e. if a low inpedance VCXO is used) as”needed. The output of
the bufflér icircaitxywontpriding blocko8i 0ithynight818 iheniplledfideriebivditithe pel The VCXO,
bl ock 818, adjusts its output frequency accordingly forcing the output and

i nput vert i eldckgpneratingELdininong eydodignent, the xeferencerdivides bladk#g0yvCxo
nO il QUenot il S Y oA BEPLD 23D UL I ST (FULE

812 are shown more elaborately in Figure 13. The phases of the input and

output vertical sync pulses are compared in the vertical phase detector circuitry,
15  810. The output of the phase detector is passed to charge pump 812, which
generates a logic level pulsed waveform.
The error correction charge pump, 812, generates a digital output signal
that is a pulse as wide as the phase error between the input vertical sync pulse
and output vertical sync pulse. Output of the error correction charge pump 812
20 isfiltered in low-pass filter block 814. The low pass filter stabilizes the loop and
generates a “DC" voltage error from the pulsed error correction charge pump
810 output. The output of the low-pass filter may be buffered at block 816 to
create a low impedance drive for the VCXQ (i.e. if a low impedance VCXO is
used) as needed. The output of the buffer is a constant voltage input to the
25 VCXO, block 818. The VCXO, block 818, adjusts its output frequency
accordingly forcing the output and input vertical syncs (VS_OUT and VS_IN) to
lock. The resulting VCXO nominal frequency will be such that synchronization
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WD 02/ 19311 PCT/ US00/ 35659 35 occurs between the input vertical sync and
the output vertical sync, as shown in Figure 5. Figure 5is an

iIlustrati gy @fredshe 1 nput and output vertical sync pul sepciRSsbidsgsoWhen the
out put vertical sync pulse is locked in frequency with the input 5
vertical sync pulse and there is no phage shift between both signals,
according to an enbodi nent of the present invention. In Figure 5 the top
trace shows the vertical sync of the input signal 502. The bottomtrace

showsthev 0 ith an
enbodi nment OF‘SJ{S %L‘gééeé%&lﬁt ?tnve%&waé&{%g %ngg%'e{ﬁég%%&f& %%wgﬁ.' i nput
sync 508) Jgie sanme frequency 10 content but may be shifted in phase
(user may sefect desired phase shift). In the Figure 5 depiction, there is
no phase. shift Figune6,is abilustratioveot the i tand@dqummmsjmtﬂmdaces sync
output pul se 506 and |nput syn ul se 508, would appear to nove together
(i.e., |ochesilis When rlmgsympulsmeémkedmframmm&:ﬂtmm for the

PL:_ DlVI5$_ﬁI’ |s(faé 15 th valél(g}e&/gw rei_w (E?IHQ ck the#,m{_}put nd ou t verti cal
pul ses jveri BXF&E‘;&? l\?@(ﬁ?'a
Froq oo aanodiBidhe o BLrAMPlteB0h, BERELGYSRNG f%&s%s*%ows néot e

nunmbers fr @& s tHé'ﬁl}Mf@lgn m'mmoﬁhﬁﬂ&sh%}s%véﬁﬁﬂs’gﬁcbﬂ a VCXo
| ock frequency of 27 006, 167 Hertz for the input vertical Sync and the
out put ver ttheahqﬁljsrgnlalﬁminhocdrdmkcevﬁﬂléﬁ@n&é}i{:ﬁé&&)c(fiﬁélpr)aer\&xo Lock

FIr €QUENCY - -----m=mcmmcmmmmammon (2462)/ (1024) SUBSTI TUTE SHEET (RULE 26)
invention, both traces (output 506 and input sync 508) have the same frequency

10 content but may be shifted in phase (user may select desired phase shift). In the

Figure 5 depiction, there is no phase shift hence, when viewed on an
oscilloscope; both traces, sync output pulse 506 and input sync pulse 508, would
appear to move together (i.e., locked).

The frequency that will result in an integer number for the PLL Divider is
15 the value required to lock the input and output vertical pulses. This frequency is
provided by the VCXO and is given by the equation:

(Vert Input Freq)(Output Vert Res)(Output Hor Res)
VCXO Lock Freq =
20 (PLL Divider)/(Reference Divider)

Substituting the numbers from the previous NTSC example, as shown
below, results in a VCXO lock frequency of 27,006,167.51 Hertz for the input
vertical sync and the output vertical sync pulses to lock.

(59.94)(806)(1344)

VCXO Lock Frequency = (2462)/(1024)
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WO 02/19311 PCT/ US00/ 35659 36 Substituting back into the PLL divider
equation yields an integer nunber for the PLL D vider as follows: (59.94)
(806) (1344)whoffis1 D VIDER = -, _  -------- _-- = 2462pCT/US00/35659
(27,006, 167.51)/(1024) The above exanpl es show that the second PLL enabl es
phase | ocking of the input vertical synggand the output vertical sync

pul ses by adjusting the VCXO frequency, which is the reference frequency
to the pixel clock generating PLL. In 10 general, locking will occur when
the PLL D vider...equatign. resul .an in . 1 BIU [ ' eto
the present bPﬁ?/‘é‘ g 'gﬁ?ag‘ %‘?ﬁl‘et%lﬁf g“%@%ﬁ%&ﬁ%&“ﬁ%ﬁ %ﬁ%ﬁé&%%g g?r t?é sync
pul ses, enbegi THRideraf fdilasvst Nvention can be used with various digital and
analog circuitry and devices (including those with

interlaced/ non-interlaced input & output) such as those providing:

swi t ching, graphics swi tching, sea LS. sw tchi ng, scan )

conversi gn, scal i’gﬁg’mﬁﬁ scali ngﬂﬁg@g@m&#ﬁg, | i ng%ggadrupl i ng, other

various Circuits 'ces that ' t one resolution with
(LBt

one vertical rate and output a di
Systems as appr ofh? Abete PFRIBIER Shouy Bt ShaesPnd PLL e BBRsRIopRPESct agi ng.
Tput - and oo VriRat S st £ fute Scatbyn R RE P PR VIR (e
convert ed 1 o aehdls WIS the flEHoD froiiicy 30 Bl OPal A FRAPIL R | ated
t o down-10comenerdal, beckinwill etcuz wizhithe PLU Divitler eqhidtiondesulestinzingintdger For

i nstance, so that
number,

(D

re on and/or different

Applications
Due to the present invention’s ability to lock output and input vertical

15  syncpulses, embodiments of the invention can be used with various digital and
analog circuitry and devices (including those with interlaced /non-interlaced
input & output) such as those providing: switching, graphics switching, seamless
graphics switching, scan conversion, scaling, video scaling, line doubling, line
quadrupling, other various circuits and devices that have an input at one

20 resolution with one vertical rate and output a different resolution and/or
different vertical rate. Further, the invention can be used to improve various

other systems as appropriate.

In fact, great benefit is derived at large staging events, from incorporation
of the invention into scalers having video input and computer rate outputs that

25  are a different frequency than the input.

Although the invention may be applied where TV signals are up-
converted to computer line rates, it is also beneficial to systems related to down-

converting computer graphic signals to television signals. For instance, so that
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SUBSTI TUTE SHEET (RULE 26) WO 02/19311 PCTI US00/ 35659 37 an i nmage
- generated by a conputer can be put into a video tape recorded presentation

or report. whwnbsiyention is also applicable to the film ppgygfrseei ndustry.
For instance equi pnent involved in producing special effects, high

resolution 5 graphics, conputer generatggd i mages, high tech graphics,
conputer graphics. Because novie filmis typically shot at 24 frames per -
second, but nuch of the incorporated television and conputer video is

runni ng at | Siter L b L Ef e an out put
with all th%%‘%éegegg{atédr%cr%{r’es .%&g}t%&a@%ﬁa&%%ﬁ%ﬁ%@we S
gener at ed UsleBshtatidr bffieppEr @, bars are not displayed 10 floating through
the pictures on the nonitors. An additional application of the invention is

i n broadcasting.mBroadcast. ] f s L ol br oadcast

studi os requi re@gﬁ%@(g’%%ﬁ?ﬁ%ﬁg&bgee%gg‘g%%ﬁﬁ%ﬂ#@%@'i ;%ut signal s

used. For 1i; iheRGReske | arided ' nd/ or vi deo.

| mpr oved sv]v?t chi ngq clg‘?l‘ al so bedgﬁgﬁ%decg@osyétaﬁe 1571 vent ilgﬁm?or t he

securitys orgraphies,icofphuter generatéd iﬂfhges, high}témpapmd_s,apnqﬁﬂén@:aﬁhks.vert ically
s fromdi

| ocki ng i nput and output signal fering video sources have been

descri bed. Becahsambvielfidmis bgdeally shob ati24 fosampspersecondibut mushof fhe h r espect

- to certain specific &gqui manés, it wll be dear to § LoseLgki lled in the
art that tHBCOTROEHE] (Plevigh ANd COBPUIHEIpQ IS SHRnNIDg 3t A AHPIeBHITAME 1alBH i cabl e
[

to ot her enpbndi I . e L hken t,:#;gk W thin the
scope - of tgﬁp' a%e&?oﬁ(\’/déﬁ: fgr?.%’l % EET (R %Eqﬁeg)’?l | Jﬂ% 02/ 19311
PCT/ USOO' 353Pherd®pictirelid generated using a film camera, bars are not displayed

10 floating through the pictures on the monitors.

ot

An additional application of the invention is in broadcasting. Broadcast
switchers and image controllers for broadcast studios require seamless switching
 because of the multiple input signals used. For instance, broadcasts often include
added graphics and/or video. Improved switching can also be provided by the

15  invention for the security or home theatre market.

Thus, methods and apparatus for vertically locking input and output
signals from differing video sources have been described. Although the present
invention has been described with respect to certain specific embodiments, it will
be clear to those skilled in the art that the inventive features of the present

20 invention are applicable to other embodiments as well, all of which are intended
to fall within the scope of the present invention.
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e rJarety et et 11 *CMs CAL Ws 1. A nmethod for vertically
| ocki ng signals conprising: obtaining input signal having input verti cal
sync pul se; vwogepmsigati ng a pixel clock frequency from a repefgsmSseso
frequency; determ ning output vertical sync pulse fromsaid pixel clock
frequency; generating said reference frgguency to obtain a | ock between

said input vertical sync pulse and said out put vert,ﬂﬂlUM]“";ﬂ“ﬂleo 2.
The nethod of claim 1 wherein said generating said r

conprises: generating a nom nal frequeggi%{%om a frequerficy "“gehert ot ;
conparing said input vertical sync pul sai d out put vertical sync

pul se to generate a phase error signal; 15 generating an adjustnent signal

by conditioning said phase,error s .and, a ustln sai d frequency
generator to genetate %hpgif%tr‘éﬁﬁ“%rl g‘i§§Pﬁ§’r N8 adj ust nent

signal . 20 3. The peiho 1 g nce frequency is
further divided %y a rg}lﬁ%%@%w &%%hge%%#lgﬁ%%bf claim3 wherein
sai d refepence di %ﬁbhélclb@ﬁﬁehﬁ&\dyrﬁé‘ﬂearre @&?J s Sheet Has
Been Repl aced ~I| IH 111 1 LT AT r SUBST TUTE SHEET {RULE 26) WD
02/19311 | 11111 deteirhinihg Yatput Vettical dynk ipulsefdh S&d05iREGEtk f2uency;

generating said reference frequency to obtain a lock between said input

vertical sync pulse and said output vertical sync pulse.

10 2. The method of claim 1 wherein said generating said reference
frequency comprises:
generating a nominal frequency from a frequency generator;
comparing said input vertical sync pulse and said output vertical sync
pulse to generate a phase error signal;
15 generating an adjustment signal by conditioning said phase error signal;
and
adjusting said frequency generator to generate said reference frequency
using said adjustment signal.

20 3. The method of claim 1 wherein said reference frequency is further
divided by a reference divider.

4. The method of claim 3 wherein said reference divider is any

positive integer number.

This Sheet Has Been Replaced
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5. The method of claim4 wherein said generating a pixel dock frequency
conpri ses: conparing equency with an adjusted pixel dock
frequencyg;(pozglgﬂqrat eﬁﬂlﬂ“ﬂﬁmuﬁuﬂﬁl l“l gnal , wherein sai @Czﬁ.ﬂfehb?is%; pi xel

dock 5 frequency is geher@atéd By 8ividing said pixel clock frequency by a
PLL Divider; generating an adjust rrent3?si gnal by conditioning said phase

error signal; and adjusting said pixel dock frequency using said
adj ustment signal. 10 6. The nethod of claim5 wherein said PLL Divider is

derived by. deternipin he | nput verti.cal, . frequency; .oltaining the
desi red out put %hori 288 ?igéﬁﬂg‘ﬂéw‘iﬁrrdﬂﬁﬁé %&M%%&ﬁ’&vert i cal
resol ution, generat| N internedi ate divider value by dividing the
pr oduct o;h%%eﬂq%éﬂ‘ggiﬁ%] vertical frequency, said desired output

hori zont al resgbﬂlﬂaﬁﬂgsﬁﬂﬂféii&%erf ueRHf With an@idjisied pixeBdbek i on, and sai d
ref erence divider, by~said nomnal freduency; and setting the PLL divider

to the intfegflenpptd gaierate apliase embesignal] wheredh sdid edjustel pigel k7. The
nmet hod of claim® erein said determning the input vertical . frequency

conpr i $es feegmencyis generatedhby dividing ghiskpixeliclackfrequencyby a FLbLividest or
bet ween two adj acent, i nput_ vertical nc pulses. 25.8.  The nethod of claim
6 wherein the WaEFS@PMFﬂt%i ¥&°R‘E’EPBH18§?64P9%%OIP@8£UHW and

sai d desired output vertical resolution, said output horizontal resol ution
and said o ut vertical resolution having the pixels required for

H ftlnki ng. Thi s ;giRGhg bl fiRaRIJRBlegaasty UdBBald Afusident sightl. E 26) 111 1iii
10 6. The method of claim 5 wherein said PLL Divider is derived by:
determining the input vertical frequency;
obtaining the desired output horizontal resolution and the desired output
vertical resolution;
generating an intermediate divider value by dividing the product of said
15  input vertical frequency, said desired output horizontal resolution, said desired
output vertical resolution, and said reference divider, by said nominal frequency;
and
setting the PLL divider to the integer portion of said intermediate divider
value.

20
7. The method of claim 6 wherein said determining the input vertical

frequency comprises counting the number of pulses of a free running oscillator

between two adjacent input vertical sync pulses.

25 8. The method of claim 6 wherein the user provides said desired
output horizontal resolution and said desired output vertical resolution, said
output horizontal resolution and said output vertical resolution having the pixels
1_:equired for blanking. . [
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WO 02/19311 PCT/USOQ 35659 40 !'I111i 1111121121200 L MILLI'T 9. The

nmet hod of claim 1 wherein said determ ning output vertical sync pulse
conpri ses: wehiHMBiNg the desired output horizontal resol woraRemeset he
desired output 5 vertical resolution; generating a_pixel counter by
counting the cycles of said pixel dock; gggenerating output horizontal sync
pul se fromsaid pixel counter; generating a line c bﬂ"mmlu)mmu g said
out put horizontal sync pul se; generating said outpt pul se
fromsaid |ine counter; 10 restarting said pixel countef wherd sdi d*pixel
counter reaches the desired output horizontal resolution; and restarting
said |ine countergwhe ' ' : seas o | ut
vertical resol ut igén. ?gé%&h#%gpﬁeﬁgﬁgﬁefég %ﬁ%ﬁé&@w%@ i r‘f eVélE}Ug&edr'I provi des
sai d desir edsyreyhilsé corpriseqnt al resol ution and sai d desired output vertical
resol ution, sai out put horizontal resolution and said output vertical
resol uti on havi neohtaiping thedesirestpitputhdrizonitalansolution 29l the desived outpbd of
claim?9 erein sai d_generating output horizontal sync pul se conprises:
asserting® saVeFtisakesIlon sync pul se when said pixel counter is equival ent

hor | zontal " sync. PSP el kP Cadtid s t0OE of BRFRREPANNGTD 270,

pr ogr ammabl e hori%&@%ﬁnﬁfdﬂ%ﬂﬂﬂiﬁﬁf@@h’c LSirehaRld pirel Br@rerRepl aced
11111111111212131311117171111111 UBSTI TUTE SH%E(RULE 2 WO 02/19311 11111111

LLLLLL 11D 1] | generdting 47%6% dogffer By@6anting said output horizontal sync pulse;

generating said output vertical sync pulse from said line counter;
10 restarting said pixel counter when said pixel counter reaches the desired
output horizontal resolution; and
restarting said line counter when said line counter reaches the desired

output vertical resolution. N

15 10. The method of claim 9 wherein the user provides said desired
output horizontal resolution and said desired output vertical resolution, said
output horizontal resolution and said output vertical resolution having the pixels

required for blanking.

20 11.  The method of claim 9 wherein said generating output horizontal
sync pulse comprises:
asserting said horizontal sync pulse when said pixel counter is equivalent
to a user programmable horizontal sync start number; and
resetting said horizontal sync pulse when said pixel counter is equivalent
25  toa user programmable horizontal sync end number.

This Sheet Has Been Replaced
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41 12. The nethod of crarm 9 wherein said generating output vertical sync

pul se conprises: as [ m mLcal sync pul se when said |line counter
i's equi val walozhs31 jmlﬂﬂ"iml m vertical sync starpcfy§geRsese and 5
resetting said vertical ‘syfic pul $e When said |line counter Is equivalent to
a user progranmmable vertical sync endgpunber, wherein said start nunber
and said end nunber may be adjusted to cause a phase shift between said

i nput vertical sync pulse and said output vertical pulse. 10 13. A system

for vertically cki Si gn Q Lsing: .an input signal conprising
i nput vertical i nc gﬁ‘f‘é‘sg}"%a‘%&fad@gHgﬁﬁéf%agFBﬁﬁ%%BP&H%ﬁ(ﬁr%‘iggwcpu| ses .
froma ref Confdrfgslency; an output timng generator for generating
out put vertical sync pulses fromsaid clock pulses; 15 a detector coupled

to said output tasbrtiflg8d&ertical syl wher@uid lifié 8diter s@fuivalERgtd 49 sai d
out put vertical sync pulses and said i nput vertical sync pulses; and an
adj ust er coepl prgransablé whrtiead spng steetirdmablrpatder configured to adjust said
dock pulses by adjusting said_ reference frequency so that said input

verticaP 20 syresethmgsaid vartical sync pulse when stidiling|counter isgquivalenftaa
h I zed. This Sh Ha Repl o T T 1Y I U e I B I B
(11 SUBSTRFpFeeRntBlecisfical Bl fhniiben herein spidcvprt pipler £941 11 ' wo
92/ 19311 CgligNrdl nurhlbed/ i F2 23852 to cause a phase shift between said input
vertical sync pulse and said output vertical pulse.

10 13. A system for vertically locking signals comprising:
an input signal comprising input vertical sync pulses;
a clock generator for generating clock pulses from a reference frequency;
an output timing generator for generating output vertical sync pulses
from said clock pulses;

15 a detector coupled to said output timing generator and said input signal
for comparing said output vertical sync pulses and said input vertical sync pulses;
and

an adjuster coupled to said detector, said adjuster configured to adjust
said clock pulses by adjusting said reference frequency so that said input vertical

20  sync pulses and said output vertical sync pulses are synchronized.

heet Has Been Replaced
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42 14. The system of said adjusting said reference
frequency conpri ses: 4@ U;i’lﬂiujm !Bm al frequency froma frequency
gener at or; weQsPREi NY aI sync pul ses andpgpigSoomdésout
vertical sync 5 pulses to generate a phase error signal; generating an

adj ustnment signal by conditioning said pwase error signal; and adjusting
said frequency generator to generate said reference frequency using said
adj ustment signal. 10 15. The system of claim 13 wherein said reference
frequency is further vide The system
of claim15 V\,herg?n sgﬁ% re'=r°g§lgiv IVI er v%ﬂue]‘?@%ﬁygﬁﬁgcﬁtlve

i nteger nu uerdy c isosstem of claim 16, further conprising a

m cr o-contr ol Iqe , vvhe ein said mcro-controller selects said reference

di vi der val ue. 2@edéatinge ropinahfrefueicyifroni 4 frdipiency gendrdtagener at i ng dock
pul ses conprises: said clock generator conparing said reference frequency
with an adj ust ed compaking said dapiahveriica syrnnpulses andisaideoutprbverticglsns  wher ei n
sai d adj usted dock freguenc |s gener ted by dividing said clock pul ses by
a PLL Di vi ddyuisesdo generate %\afgener ating an adj ust ment signal by

card o SQL”E’)UF?;% i ﬁ%?sﬁfa“&ﬂﬁaﬁ%ﬂ%ﬁéﬁﬁ%ﬁm%ﬁ%%ﬁ il e’

Repl aced and

adjusting said frequency generator to generate said reference frequency
using said adjustment signal.
10
15.  The system of claim 13 wherein said reference frequency is further

divided by a reference divider value.

16.  The system of claim 15 wherein said reference divider value is any

15  positive integer number.

17, The system of claim 16, further comprising a micro-controller,

wherein said micro-controller selects said reference divider value.

20 18.  The system of claim 17 wherein said generating clock pulses
comprises:
said clock generator comparing said reference frequency with an adjusted
clock frequency to generate a phase error signal, wherein said adjusted clock
frequency is generated by dividing said clock pulses by a PLL Divider;
25 said clock generator generating an adjustment signal by conditioning said
Pphase error signal; and
said clock generator adjusting said clock pulses using said adjustment

signal. e
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SUBSTI TUTE SHEET (RULE 26) | 211tuttrirrer e el 1111 WO 02/ 19311

PCT/ USOO’ 35659 jiiij L Ms 19. The systemof claim 18 wherein said PLL
Di vi der Hhyff by said mcro-controller and conpri sgﬁ &,t,ﬁgg ning the
I nput vert i ca requency; 5 obtaining the desired output horizontal

resolution and the desired output verygcal resolltion; generating an-

I nternmedi ate divider value by dividing the product m Ilﬂ“mmwﬁmrert i cal -
frequency, said desired output horizontal resol utlJ |mj out put
vertical resolution, and said reference divider, by *sai‘d honfnal frequency;
10 and setting the PLL divider to the integer portion of said internediate .

di vider val ue. AVESYCIr 1 ot | t he

i nput verti cal ?’5 freqtjzncy conpr:igeg{%%ﬁn%q‘ﬁfﬁle nug%ggﬁ‘g%dgf %%s of a
free runni nficRsesttalle@andi@ingies:t wo adj acent input vertical sync pul ses
and nmultiplying by the frequéncy of said free running oscillator. 21. The
system of cl ai mdégrmiingithe inpmt wericalfrequieniey; sai d desired 20 out put

hori zontal resolution and said desired output vertical resolution, said

out put Kori zont abtainisgithe fdegired wntpyl horizonial resplirtioneand thesissized ewtPihvi ng t he
pi xel s re ui reg{%g{H bl anki ng. This Sheet Has Been Repl aced 11111111111111
Jill 1111 E SHEET (RULE 26) 1111111 11111 121212112121 11 1111

WO 0211931 1 CL ngeQraRﬁg LHENehiefiaR divider value by dividing the product of said

input vertical frequency, said desired output horizontal resolution, said desired
output vertical resolution, and said reference divider, by said nominal frequency;
10 and '
setting the PLL divider to the integer portion of said intermediate divider

value.

20.  The system of claim 19 wherein said determining the input vertical
15 frequency comprises counting the number of pulses of a free running oscillator
between two adjacent input vertical sync pulses and multiplying by the
frequency of said free running oscillator.

21.  The system of claim 19 wherein the user provides said desired
20 output horizontal resolution and said desired cutput vertical resolution, said
output horizontal resolution and said output vertical resolution having the pixels
required for blanking.
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44 22. The system of cI aid micro-controller perforns said
generating out put verti cﬁ"ﬁﬁﬂﬂj‘@ nprising: obtaining the desired
out put hor iyg@ei/ps11r €sol ut+ orr an red output vertpcEUsSOBSEBbULIiON; 5
generating a pixel counter by countlng the cycles of said clock pulses;
generating output horizontal sync pul se4fdrom said pi xel counter;

generating a line counter by counting said output horizontal sync pul ses;
generating said output vertical sync pul se fromsaid |ine counter

restarting said er gﬂ,ﬁi Sfolfag sdesi r ed
10 out put horizon res%@u |on res ar?l“ng Salgé?l ne un1 er \%ﬁ:n sai d
| i ne count eg Cpqﬂgeg% ggﬁﬂgeal resolution. 23. The

aim?2 es

system of ¢ rein the usér provi Said desired 15 output

hori zontal resol mbﬂaﬂﬁngﬂcé desirdd dagputdqdriavhialitesokitioneald the desingd outpus ai d
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generating said output vertical sync pulse from said line counter;

restarting said pixel counter when said pixel counter reaches the desired
10  output horizontal resolution; and

restarting said line counter when said line counter reaches the desired

output vertical resolution.

23.  The system of claim 22 wherein the user provides said desired
15  output horizontal resolution and said desired output vertical resolution, said
output horizontal resolution and said output vertical resolution having the pixels

required for blanking.

24.  The system of claim 22 wherein said generating output horizontal
20 sync pulse comprises:
asserting said horizontal sync pulse when said pixel counter is equivalent
to a user programmable horizontal sync start number; and
resetting said horizontal sync pulse when said pixel counter is equivalent

to a user programmable horizontal sync end number.
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vertical sync start number; and 5 resetfgd ng said vertical sync pul se when
said line counter is equi vaI ent to a user programmable vertical sync end -
nunber, wherein said start nunber and said end nunber nay be adjusted to

vertical paiso. T THRS SHER iR baeE e Brmer e PHpREv SRS Ture T
SHEET (RUL Esﬁ@ pulse comprises:
asserting said vertical sync pulse when said line counter is equivalent to a |
user programmable vertical sync start number; and
5 resetting said vertical sync pulse when said line counter is equivalent to a
user programmable vertical sync end number, wherein said start number and
said end number may be adjusted to cause a phase shift between said input

vertical sync pulse and said output vertical pulse.
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