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| NVENTI ON This invention relates to the field of anal og and digital signal
processing, and nore specifically to circuitry and systens for providing
swi tching, scan conversion, scaling, antl processing where the output
frequency is different from the input frequency. 10 2. BACKGROUND ART
Switchers are a neans of connecting an input source to an output device or
a system Typi Ca'METHOﬂY‘Wﬁ!PP%M@SaEGRQfEﬁTI@ Wdf;‘ put deri ved
froma sel ection between [PETIAR bﬁg@? 9 onnect or
type. Furthernore, various types 0 SMAtC ers i ous components,
capabilities, 15 options and accessories. 2.1 Gaphics Environnent For
digital display technol ogies, a Gaphics Switcher (GS) is a device that
enabl es mul tiple anal og arBAKGROUNDRYW TiEonal entrgoRe sel ected and sent
to 20 various selected output devices, such as presentation displays.

Figure 1 illustrates a typical graphics environnment show ng various pieces
of digital dlsglay t echnol ogy connected by a graphics switcher, in

accor dahcelwith I ENfIONe present invention. 2n OCT ?n 2 Hence,
a graphics switcher 100 allows source signals derived frominputs such as
vi deo caneras 102, VCRs 104, DVDs 106, TV video, audi o/video

This invention relates to the field of analog and digital signal processing,
and more specifically to circuitry and systems for providing switching, scan

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

the input frequency.

10 2. BACKGROQUND ART

Switchers are a means of connecting an input source to an output device
orasystem. 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.

2.1 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.



systens, and conputers 110, 112, and 114 to be sel ected and vi ewgd] @f Ta 273}
presentation display 120 one at a tinme. For exanple, when trying to display
5 fromtwo conputer inputs 110 and 114 havi ng separate presentations, a
graphics sw tcher 100 can physically connect both of the conputers to the
di splay device and allow input selection fromthe two conputers for
display on the display device 120. O her exanples of graphics switcher use
are for generating special graphics and novie effects; in industrial
settings or secuyfity applicationg f 10 switching between vi deo caneras
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provi des output to various sources or presentation formats. Ex npl es of
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DLP di splays (including high-resolution DLP projectors), high TeSolution
pl asma di S%ﬁgyg 1200\ OthersixaypleOfigmiphipdsayvitidner ass at@rapteddihg spegial VGA,
SVGA and Mac yideo formats), audio stereo systens, and various other 25
audi o/ vi de%raﬁ&cﬁﬁ%i BOVIERIFesHY iaindustial sefdngmensedinjtyt applicadioestfor s used
for i ness Jar e%ent ation supply digitally addressed el ements to LCD
panel s.° DLPV ﬂgﬂgl Etwgen vidao qammares BiRydas §ef displrsing eertaimrrdeasen ous ot her s.
2 0 0 CT 20QRitdrs or systems of display devices.
Typical inputs to a graphics switcher comprise computers, TV video,
composite video, red-green-blue (RGB) video, 5-Video, D-1 (digital) video,
computer input {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 room, 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),r 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.



A TV signal has a set nunber of horizontal lines. In PAL and SECAWly I[ﬁ{_‘ﬂ’ 2003
625; in NTSC, it's 525. However, not all of these lines are visi bIe

fact, only 576 lines in PAL and SECAM and 483 lines in NTSC are seen by
the TV viewer; the remainder are called blanking |lines, which contain no
picture information 5 and are hidden at ghe top and bottom of the screen.
By contrast, the nunber of horizontal |ines on a conputer display can

range dranmati call y, froml ower resol uti ons of 480 visible hori zont al |ines
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in the picture, defined and the speed with
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separat es the 25 chrom nance (col or romt um nance an
i nf or nb® | oResoltifiehis. vari at i ons of PAL and NTSC i nclude R@&B at 15 kHz,
conponent video and D-1 (digital) video.

The higher the display resolution, the more crisp and clear small details
and text become. For example, a computer screen composed of 768 horizontal
lines 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  (refresh rate). 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.



20 0O0CT 2003 4 Wile all of these formats differ in the way the grdemns
information is conbined into a signal, they still have certain things Th
common. They are all interlaced, they have either 576 (PAL and SECAM or
483 (NTSC) visible lines, and they have an established, unvarying refresh
rate. For PAL, two interlaced 5 fields, #mking up a single "frane," are
painted onto the screen 25 tinmes each second (a rate of 25 Hz), and for
NTSC, this occurs 30 times each second (30Hz). Unlike TV video, there is
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However, what conputeér video signals do a have in common is the way in
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All  VGA SVGA and Mac video formats transmit the red, green and blue 15
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are able to display a wide range of colors with mninmal distortion. 20 2.2

T es of Switcheysnilikd To ¢Rfeot hetd RPYS Lin }@ﬁaﬁiéﬂ‘gﬂﬁr %@ﬁ&?ﬁ% ]g81f§1\ﬂ%?&j fde8nd

digital inputs and outputs, numerous types an | 1'nes chers have

been devel sigadls rost abed@nk elisdiBSIBeaiBr, aHeteqs ¥ ivfigg rﬁ%é/%)g Wg Sise/ GA

Mac and RGB switchers; systemswi tchers; and matrix s
addi tion, displayuresolmifonsi Jhate B&r@étpfaal?tvefde&fahgé OB 8EfO&Ata8EL, YRR fﬁﬁh%c hi ng
m xtures of inputs to outputs has led to nunbér of switch options and
accessidl i elsetween 60 and 85 Hz. And, while almost all computer displays are non-

interlaced, some video display cards do offer an interlaced display option.

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.



2 0 CCT 2003 5 For instance, a line of A/V switchers may acceptgo 0eT 2003
NTSC/ PAL/ SECAM conposite and S-video type video sources, as well”as two
channel s of stereo audio from anongst six selectable inputs. Each nodel in
the line is then differentiated by the type or conbinations of video audio
formats that it accepts. 5 Another line ®»f switchers, VGA, Mic and RGB
swtchers, are used for sinple routing applications. A nodel of this |ine
can be dedicated to switching signals of only one specific conputer type,
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as 15 if the switcher were the same brand as the projector. A special type
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switchers are commonly “used in applications slUch as preSentations, data
di spl ay, aNthcerddes sighalsent. These applications require nmultiple input
sources (conmputers, caneras, DVD 25 players, etc.) to be switched to nore

than ofe out put Adg3EL ARhLRN évgﬁajlé[r%pe, the system switcher, may be compatible

with all types of digitally controlled projectors and accept virtually all source
signals. Thus, a system switcher can easily switch between computers, A /V
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 multiple 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,



proj ector, videoconferencing CODEC). Addition of an auto-sw tcte)innaqr 3
accessory allows such switchers to automatically swtch betwe { aﬁ c?@g
types of inputs, 20 OCT 2003 6 and/or outputs when a change in input signal
type is detected. Thus, a switcher may have various signal conversion and
processing capabilities depending on swtcher type and needs. For exanpl e,
graphics switchers inplenment m xture of scan conversion, scaling,
filtering, and other capabilities as needed for their 5 desired
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shoul d be used. Figure 2 ustrates a digital display device show ng the
pi xel rat rdesifedr pelfephaydeng an i mage, according to an enbodi nent of the
present invention. Thus, the goal of a scaler is to have out put

flexibili ' [ b l,ed [ 202
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a rectangle. Thus, when 20 included as part a graphics swt a scal er
can ad] ustoﬂmaigpn@rtcwvi@n dThigistdspatiallp hd@aiaeH@Sint the Rh&tdof dig{tapdﬁ fa:yet y of
video inputs. For exanple, in viewing screéns, the aspect ratio to
st andald Tdévisesheauser digitaBdibplafdidvides pk6dfce Bhadesth 4 fixeSanmtikamg ihhe ": 1"
is inmplicit mking TV = 1.33 and HDTV = 1.78. So, in a '

order for a 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 horizor_ltally 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, in a
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.




systemw th NTSC, PAL or SECAM i nputs and a HDTV type of display, a sc&k§bﬁ o
25 can take the standard NTSC vi deo signal and convert it to a 16 x 2 703
output at various resolutions (e.g. 480p, 720p, and 1080p) as required to

fit the HDTV display area exactly. 2 0 OCT ?19,03 7 Scaling is often
referred to as "scaling down" or "scaling up.” An exanple of "scaling

down" is when a 640 x 480 resolution TV inmage is scaled for display as a
smal l er picture on the sane screen, so that nultiple pictures can be shown
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Thus, vihendseal fongrasplutiinef 3200240 @R 194eARE oBYirR0RENBIHRE four Bgie are
many different nmethods for image scaling, and sone produce better  results

t han ot her 3V mseledionguinttees & be shawdex e dahas owlpanJgossirben € daaie of a
source video 15 signal to fit the needs of a display device. For instance,
a "video cBmeerdrexample g/ scoling tpéris wiemeeloveeraesgution-iniage e gos0RSC (TV) ,
or NTSC to _conputer- video. Although the concept seens sinple, scan
conver t er sOise 46BRPP icels) desradachigy display eneviigbeyresbldomv@Nas ai76Because
conputer sj s and television signals differ significantly. As a result,
a video si %@%Mﬁ'ﬂh%‘”&epﬁﬁﬁ éli!ﬂta*ge POIHRATI Of rixelp saie preduictef therteguency
refre rate por.resolution nust be copverted to not her. resol ution or
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resolution). Thus, when scaling up, pixels must be created by some method.

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. For 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 comput;er signals and television
signals differ significantly. As aresult, a video signal that has a particular

20 . horizontal and vertical frequency refresh rate or resolution must be converted to
another resolution or horizontal and vertical frequency refresh rate. For
instancé, 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



instance, it requires a good deal of signal processing to scan convg%b £ 2003
"scale" a 15 KHz NTSC standard TV video input (e.g. 640 x 480) for t put

as 1024 x 768 lines of resolution for a conputer nonitor or |arge screen

proj ector because the 25 input resolution nust be enhanced or added to in
order to provide the increased capabiligy or output resolution of the

noni 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, nany
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switched and a signal having a new fré&quency I's sent to the output display

devi ce, theigaibpHacd)as obderit8@splay TVaRideo Ioﬁ%vwmﬁmattgﬁanepy&réé&%%%y so
the new i nput can be displayed. During the tine it takes the display to

reacqult e dbebleewrgopdtuegisdhdfspenssdiey, the out put

2.3 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 i to use signal processing.



20 drifts leading to picture scranbling and/or noise which resul tgs,imCh 2003
"jitter" in the output display. Accordingly, in order for a gra cs
switcher to provide a stable output, it nust be capable of sw tching
between nmultiple analog and digital input formats and resolutions while
keepi ng the output rate and resolution sfPable. One way to 25 design such a
swtch is to use signal processing. 9 2.4 Seanl ess Gaphics Switchers A
switcher that provides such a stable output during switching is generally
referred to As F38A00:RSSpIERARN s t cher (SGS). The term "seani ess”
derives fromproviding a ftch-T1r "cut" that elimnates the noise and

jitter 5 caused by sv\iltchi ng between unsynchroni zed inputs. By using signal
processi ng, the ‘bBvpGhes Wakppvidessich a sfable weguhAitriag smatahinis i s swit ched
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from i nput b§Mé&hﬁﬂLﬂﬁpr%ﬂaﬂbg)_éﬁ&Hiéi@al%ﬁﬂaf’s%ggﬁée thB&nj RS sk one

frequency, a SGS wites the "input"to and reads the output froma nenory

buf fer. Oneenséreédeh ohdiErelj0eney Beforé baii AR tdhd i ﬁzxsesin@@ﬂ{eoéigﬁaad out
repeatedly, to add nore franmes or pixel's. Hence, using a nenory buffer

al so al | owpracesS@Sstdwing dwi Hecking!’ iongo Hesnewriapiougesy tledplbesivaysn fact,
seanl ess switching usually involves scaling and 20 seanl ess switchers are
usual | 0 coagesi thedauote nesplugioal avdshamnihesamet constavisyabeThus, because the

display only receives one frequency, it does 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,

without causing jitter in the output from input switching.

15 In order to scan convert the mputs to one frequency, a SGS writes the
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
kandling 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.



For exanple referring to Figure 1, a prior SGS product 100 is capahbl e of
handl i ng ei ght different input signals 130, includes routing an@ (c&htlr 3003
functions for handling the signals, and provides scaling and

synchroni zation ("sync") of the inage to the selected output resolution.
Thus, the SGS accepts RGB or 25 conponeng video signals with various
scanning rates while the operator seam essly switches those eight inputs
to a fixed output rate that is selectable. 2 o OCT 20 013 10 As such, the
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t he audi ence. The second output is the "preview' output for view ng "next

to sw tich"aisbuonéaterhyed bédepnoratatoRethaicanlu@idng fHdif 360 RBBALGS to TdDese t he
switch operator can 10 seam essly switch the "preview' to the "progrant

out put or EHosdhacah gatesbf 15 kBizsip toh0EkHe ahdtmrovideswhendifige baeal
switch is made. |In order to optim ze inmage quality as well as maintain
maxi mum i nigealshahghirplesspahis et ‘pirbgraant oifpmitfer siesvingalyethetemdiesel ut i ons
that match the "sweet spot" or native resolution of digital displays.
Advanced dl'dg segongiqepusisahe fhprageve shipibigirsdewinghfrext he sextahp seuses t o
scale RGB.npguts t q%one of ei gHt ee[\n conmon conput er -vi deo, HDTV, or plasma
resol uti ond ﬁﬁ%@’éc BRFIPIRR pupcal maemiter: i BHis, thr swidp operatos emb out put
rates e 640 .x 480, . X600, 83 624, 1024 x 768, 1280 x_ 1024, and
1360 xl%rlozsf?‘nlil‘ésrsﬁbis‘é(é%ﬁ%a? spreyjew ?‘P]gh% URIBFaNe SBItRYT ghehagse agligital 480, 852
x 480, 128:9&11{%11_71@1? eff@&dco ][%g Q/vl)l(en7§15e' pbgfhs‘leca %Svit%i‘t ?so made.

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 example 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.

2.5 - Problems with Seamless Graphics Switchers

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



20 provi des HDTV 480p, 720p, 1080i, and 1080p output rates. 2.5 Rrp®ildng003
with Seaml ess Graphics Switchers Neverthel ess, although SGSs sol ve the
graphics switcher new input "jitter" problem there is an inherent problem
with SGSs that use a frane buffer 25 or menory to convert an input video
signal with one horizontal and vertical 1frequency refresh rate to an out put
wi th anot her horizontal and vertical refresh rate. As each input frane
conmes in, the SGS stores that entire franme internally in 2 0 0 CT 2003 11 a
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frame our® PEREATe e e B alos B 568 8 s m PR PR atnc L T « ne
menory buf i an integer nultiple of the input vertical wite rate
to the nen{))ﬁ/re&)'?ﬁ%%gyl nformation in output frane will contain two different
input franes at_some point intinme. As a result, ﬁart of the out put

di splay will shoRveyerifponimthvesieal irapdiraterfaon, themmemornbuffesis wit t he
out put di sgl ay shows f}l&tllg ir{ﬁge fromthe second input frane. If there is
moti on in hdtegFUbRlsSS the mpnttestica] write xale to igertarsinge will be

different and therefore, tpe outpyt frame will. display part of 10 one i nmage
(e.g. & poltPBREID Pheuiydimrae “ﬁﬂ'&ﬁ@ﬁal%ﬁwo Heresy mpytirames ghsamee g, a
ti f_the."aftery | . t.the b bet t t
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304, and a tear in the image where the two parts of the outp me neet
306. Tife iomgimage (e 4 pertiver of the “dbfdrbe i@UEELind part of a later image (e.g. a
portion of the “after” image). Moreover, at the border between the two images,
a “tear” will appear in the output. Figure 3 illustrates a digital 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



is shifted to the left of that in the bottom portion of the output?De@:&Ls@%
the top 20 portion is an inage fromlater in tine while the object noves
fromright to left. Note that there is also a .horizontal pixel shift in
the output inmage at the point where the read and wite pointers cross over
310. Thus, current SGSs have a particul ag problem when the input inmages
contain "panning." For instance, a |ot of canera panning is necessary
during an 25 on-stage event where the cameras are tracking soneone by
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tear where the read pointer crossed the e newer and
ol der i npufrofd ASEInpAbIrYRRNInfdienMeS jusebeHindMRe Wafiteqsinfedlts of@MMe i n and

the vertical refres rate going out” cross, or "vertical syncs" ‘cross a

tear i f oframe. infWremtidreshat tlessrite pointer was about to write over. The new and
old input frame information will then be combined in the 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

S5GS 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




as the input is being witten into the frame nenory, the two poi te@%w‘?mn
the nenory actually cross, and as a result a single output fra o
di spl ayed having old input frame information and new i nput frane
information. 20 Note that the tear produced in the output of SGS devices is
a bigger problemin Europe where 11- cjgutput 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 verti cal
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for the 5 input vertical sync. In reality, the output and |nput verti cal

sync pul sediffeavmt freqhdreienihbn elgereric nedosthhendd) erteen et d togkthee peean When

vi ewed together on an oscilloscope, there is a relative notion between the
sync pul seescillosgope ttbap isch 180 tine mosoh®GeBreerofitd omcfmrlseol vi ng the SGS
output tear, is to take the input signal horizontal and vertical rates and
exactly duplicate themat the output so that the frane rates are the sane
and the horizontal and vertical syncs are the same. The problemwth this

sol ution ':)_S thaé it pl‘gl%l bi ts scal ing or scan conversi on because the input
and out put ﬁ ct equal. 15 For exanple, if the input rate
is only 15 KHz vi deo, then vmth t he out put
10 One option for solving the SGS output tear, is to take the input signal
horizontal and vertical rates and exactly duplicate 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 imput images and a “tear” in between.



hori zontal and vertical rates locked to the input, the switch car§ grdyT 2009
provide 15 KHz output. Thus, high resolution output video is not possiﬁ]e
because 15 KHz interlaced out put does not provide enough pixels for big
screen projectors. An additional attenpt to solve the tear in SGS output
frame during input 20 novenent is to usg a Phase Locked Loop (PLL) to

achi eve synchroni zati on between the output vertical sync pulse and the

i nput vertical sync pulse. However, prior inplenmentations of this method
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i mge franme. So, at any given instant one of the” Two buffers has only
i nf or mat i otwdé bafferieas oyytinforamRionThem o Bibtlieamel Then swheRsise Whi chever
buffer has information fromjust one input frane is output. The net effect
is that theoiBG3sactasawihychdvepbubfef hasimformdtabiferdijeploaginput hnglie frane.
The problemis that when an output frame is renoved or replaced, 10 the
timng of @Wputnmhbeset effedtsiethalpheahdSaninallyraps adtiame or sochleadisglays ag
panni ng, w |l suddenly appear to either hesitates for a frane or junps
ahead for SiBglerfzmmepdbgpseblemifethnhidiensan owtpu frame isgmand enceppiced,
notion js not.snooth anynore, Inpstead it ingludes junps _and hesitations.
Thus, n%t i%ﬁ fﬂﬁ%a?f&és 88%{%}3?@@%&1?@ aéﬁﬁl,ne@hwqoanﬁu@} as during

panning, will suddenly appear to either hesitates for a frame or jumps ahead for

a frame because image information is missing.

For example, motion is not 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.



15 skip; or stop, then nmake a big junp, then stop, them nmake r.big
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noving at a constant velocity, will junp. Cbjects in notion will |ook |ike
t hey hopped or stuttered. O, stopped for a second and then continued. On
a large screen projector, the inmge hags"hi ck-ups”, and it appears that
sonething is wong with 20 the inmage. Hence, if a user was attenpting to
record the SGS output at high speed and the SGS is dropping franes to
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del ayed at several points in a systemdue to signal processing steps that
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| arge staging events ys start to ac€unul-ate can actua

i th the Sound oo deo Ty rre Sha o QIR B e O Sl ger
by wi t10 upframeadelags & deRyé du@lto recording to memory. For example, in large

staging events delays start to accumulate and can actually accumulate 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



of audio to video, but past one frame and depending on the circunsfi@ances;
the 15 timng difference between the audi o and output image lip sync is

di scernable. Therefore, it is desirable to provide a system capabl e of

| ocking the output vertical frame sync pulses to the input vertical frame
sync pul ses, while allowing for a diffggent horizontal frequency in the
output rate, and while maintaining a constant seam ess out put frequency
and resol ution during switching of inputs. 20 For exanple, a desirable SGS
is one where.the read and the w.ite pointers in_  nenpry do not cross, and
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rate delay could be adjusted (e.g. to say, half a frane). Thus, frane rate
del ay for éﬂe@l&"%}é‘ﬁlmoﬁ’é}%@tmﬁ@}c@ﬂ?a§€1§9n§ﬁ9¥lt delayfoogyrahrenizing Bieange to

one or nore gonstant, predi ctable values as desired. Such a SGS is also
desirabl e ng%n@etﬁﬁé’\'f#‘%b f\W%té%ngQ%éﬁquﬁc&’é&Xa‘ftf Rrediciaple, pnd enqrg| ye
provi des a_predi ct.abl e ﬁgd constant delay for synchronizing the audio to

the vi deo. PTG, VIZER 1O AR SR ORIZA N exact predi ctabl e, and nore
preci se video to audi o synchroni zation. Furthernore, it is desirable to

provi de a syst elmuthetmare, didis ulesiabble topasvideansytemheithunmdjusteblei cal frane
read pointer in nenobry as conpared to the 10 position of the input vertical
frame wit BOpEPAICEthe putpttvesticalfrarhe aead patrdedil memeamshenapiredttedhe o
near Zfd 0. Far, instance, a desirable SGS would al] ow the

position of the input vertical frame write pointer so that output frame rate delay

can be adjusted to near zero. For instance, 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 ailowing the audio offset to be minimal or if necessary
allowing for a minimal required delay in audio for audio/video output

synchronization.



output vertical frame delay as conpared to the input to be #ddl€&d2%8 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 conme in, an SGS can have near 0 delay if the input and output frane
rates are | ocked together, and the readqjand wite pointers adjustable as
conpared to each other. Then, at | arge staging events where the video is
run t hrough several delay causing processing and recordi ng steps,
accunul ati on of delay can be _mnimzed. As a result, a very |low frane del ay
20 large stage event systemASEMABY QEIHE ENYENIION, del ay so that the
audio lines up with the delayed video. Such a SGS is al so desirable
because the video delay can be mnimzed, thus allow ng the audi o offset
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Locked Loops are, connected in series. The first Phase Locked Loop
gener at es thfeinput pod qitpet fretredlatesegairesdhatopiselsifsém differeniseptisfranepl ay
preferences. The first Phase Locked Loop may not precisely

1 are not superimposed on one output frame.

-

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-coniroller that

computes the divider required in the first Phase Locked Loop based on user



generate the desired output pixel clock required for frane I?qﬁgﬂg-gﬁﬁ?use
15 current Phase Locked Loops require integer divider values™a th
desired divider value nay conpute to a non-integer nunber. Therefore, the
non- integer or fractional part in divider value is | ost. However, a second
Phase Locked Loop is used to conpensatggfor the |oss of the fractional
part in divider value. The second Phase Locked Loop uses a Voltage
Controlled Crystal 20 Gscillator or an equivalent device with finite

for the first

adj ust ment _capahility to _gener at the referencg frequenc

Phase Lock@%eﬁgaﬁnﬁPéﬁﬁﬁggﬁﬁc%%e UsRIrRay @ 6ﬂmﬁﬁﬁﬁ%geﬂﬁé”#%@896h%e
frequency s . finitely adjustable until | ock s chieved. In one or nore
embodi ment Sertical BRARLTaPHE Vidkosramss Spengn by TG sEeRa ang
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 2 0 OC T 2003 18 sel ected output preferences. The user may al so

adj ust the delay between the vertical input and output video franes
through the output timng generator. 2 OO C T 2003 19 BRI EF DESCRI PTI ON
OF THE DRAWNGS Figure 1 illustrates a typical graphics environment show ng
various pieces of digital display technol ogy connected by a graphics
switcher, according to an 5 enbodi nent of the present invention. Figure 2
illustrates a digital display device showing the pixel matrix for

di spl ayi ng an i mage, according to an enbodi nent of the present invention.



10 Figure 3 illustrates a digital display output inmage haV|ng a?%}@@ﬁ 2003
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 pulse is not |ocked with the input 15
vertical sync pulse. Figure 5 is an illystration of the input and out put
vertical sync pulse results when the output vertical sync pulse is | ocked
in phase with the input vertical sync pul se, according to an enbodi nent of
the present invention. éﬂgbﬁégﬁﬁhﬁ%%a typi cal phase

| ocked | oop. Figure 7 |s]9Rﬁ§39 %§C3?3§¥$ﬂ3§€%iv k Loops attached
in series, in accordance with an enbodi nent of the present invention. 25
Figure 8 is a block di agram of an enbodi ment of the present invention used

to lock th ' 9
s aflow d égfgiﬁﬁﬁ%ﬁﬁmﬁ%ﬁ‘z %C%féraﬁ‘g&peu ErpPeaneRaton piefince
Wi th an enBPQi la ﬂfchﬂf) BtB)PQgrEEJkQ&H &v% drS a&o%a#lﬁgtg'a gram of
gener ati on of ut ver accor dance” w n

enbodi ngnt eﬁ{boumehwﬁﬂ{é ﬁ&seﬂ ﬁ%ﬁn&ﬁ. is alogic diagramof a
m cro-control |l er programabl e output timng generator for the horizontal

sync pul se showing the logic gates of the generator, in accordance with an
enbodi ment of the invention. 10 Figure 12 is a | ogic diagram of the output
tim ng gener at oFigwe 2tiltestrites h zhgit#l displag dewlceghstamng tee pixel nagiix f@gat es of

t he generator programed for
displaying an image, according to an embodiment of 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.



a 1024 by 768 (i.e. 1344 by 806 total) output, in accordance mﬁi ap

enbodi nent of the invention. 15 Figure 13 is a logic diagrams 5Mﬁﬁ5 258
reference divider, vertical phase detector, and the error correction
charge punp, in accordance with an enbodiment of the invention. 2 0 0 CT
2003 21 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention conprises a

nmet hod and apparatus for vertically |ocking input and output signals from
differing video sources In the follomjng 5 descri ption, nunerous specific
details are set fqﬁl f? ik qF g%% (gﬂ 1descrl tion

erbodi ment & of - FHATE Rve AR difefafy T Fise o SRR TG sk 11 ed
in the art, éd?ﬁ&n&é“%l ‘:’[19&%881 &ethe %‘é&,c{n‘%‘?ﬁvgﬁ] Jput these specific
details. In i nStances, Ures“'have not been described in
detail so as not to obscure the |nvent|on. 10 In one or nore enbodi nents
of the present invention, the apparatus and methods described herein
provide the CapFQﬁhéﬂﬁzé@ﬂoﬂﬁﬂl S eﬁﬂﬂn?@fﬂ%ﬁnﬂ%hgﬁ&ﬁﬁé sk ahes
(i.e. frequency) at a user specified output resoluti ypi ca

appl i ca¥ i onccoriigeaswitham sabbdiphentssfuhegsvaitidiye W th differing frame

rates and resol utions. These input video signals are scaled to match the
out put 15 video requi renent and are subsequently output at high rates to a
di splay device. The desire is for the output resolution to be able to
remai n const ant Figatre 13 s a pogis eliagraluesa mihrd-eonthellémpogranndedls outpngs vary
both in resolution and timn The various nethods for nodify t he i nput
vi deo si gnEmipg g@egra*eﬁfordhe%@mﬂ@wsmm prildershiondag the degic g@tﬁlslf%qhel i ne
doubl ers, and quadrup Ierg These 20 net hods are_discussed in nore detail in
t he backgrgﬁﬁ%}'at%ﬁk@‘"épr et @itban embodiment of the invention.

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,



t he desired output resolution, fuzziness may occur when smﬁhﬁﬂiqg-gﬁkween
mul tiple video sources or when, for exanple, a canera is pa 9 t
reasonabl e rate of speed. Because the input video data is witten into
menory before scaling occurs. If the witing and readi ng pointers are not
synchroni zed, sonme 25 sections of the dpgplay screen may have data from a
different input franme from other sections of the display screen. The

obj ect of the present invention is to synchronize the input and out put
frane rates so that t [ i .2 i 03 22 an entire
i nput frane can be re E , t the desired
out put resolution. Typically, a Phase Locked Loop (PLL) is used to achieve
synchroni zation. A PLL is a closed | oop feedback system where the
frequency of one signal (the 5 sync pul ses fromthe output of a frequency
generator) is cohemldndignpnyprisdsragmethvel ampappamtas farveatitaly loelingncy
generator so that it is |locked in phase with the sync pulses froma

ref er ence Bwwtéad orpyt $1gnabémm|d1§fa@ngwsd@q)mﬁem the folleiwing of a
reference gscijlator output with the phase of éﬁe out put of a Vol tage

Cont r o ed4esSEIPHORy BHITayeR) Speaids detaile aveestiferthHe rRravidit aqredh 10

g AL O
h . f th f il lator.  A.\MCO b t
Rt hes A SRR B SRR SLSHER RRCH bl DU AR DR 0

VCOis th - } I aCl f
100, ey BB SR MBS PPkt

pr-ogr ammabd £, 6 ¥ AesbR0ek ARRILARAoM th a reference frequency in a Phase
Detector. The reference frequency i1s usually passed through a reference

divider. in practi cal aPIPIicati%{]s. The_ reference is uysually a crystal
osci | 145 or n one or more embodiments of the present invention, the apparatus and

methods described herein provide the capability to lock the input and output
video frame rates (i.e. frequency) at a user specified output resolution. Ina
typical application, videos from multiple 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 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 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 exampie, 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



VCXO (Vol tage Controlled Crystal Oscillator), but night be thg 6ufpi)3of 20
anot her PLL. The Phase Detector generates an error voltage that steers the
VCO to lock the VCO output to the sane frequency as the reference. Figure
6 is a block diagram of typical phase |ocked |oop. The input to the PLL is
the output of a reference oscillator, ustally a crystal oscillator, which
is fed through a frequency divider at block 602 to generate the desired
(i.e. reference) 25 sync rate (i.e. frequency). The Phase Detector, block
604, conpares qutput aof the ef erence Divider b ock, 602, wth output of
PLL Di Vi deﬁnspa&gm ’E%“%%%E%ff@d% displavedat the optrutetnd phthadgsiedgnal s.
Qut put of bl oc 61q .S the generated 2 0 O C T 2003 23 frequency fromthe
Vol t age CoRFHBIFEY eyéem lator (VCO) block 608 divided by a PLL divider

val ue. For |l oop stability, the phase error is filtered in block 606 before
bei ng used to allypstlly PG Lotked Lidke (Phbpissisetitbiazkieyve shaclawnhpation

bl ock 610 is | ocked in phase (i.e. there is no phase difference) with the
ref erence Aditlpifta efosed edba¢insysterypihak thy Stegrencihef WGesigpel Ghes at a
frequency an order Pf magni t ude hi gher than the reference. For exanple,
assuni my aSXEPyiees rppeiiectielpus oép fErquenckeenenaten isegnirelled by ¥peving

Lol e iBRuE g VaBgb e AppBuccy aBerator  he it s otkertEphase iith (i
t put of (f | 146.5 MHz th LL. Divid ld b t at 5860 t
SPde SaeRipgartat) o fBihet Soicas Tiiacis a0k HBPTgs PE PBEEEE Pre °
f \/ i | . t t t h t t h 25 KHz.
ot Thet Blfeord A SRR LAl InP BGSe of fefileh SF S offleRe”s o

integer n ' gqg(l??' ! wnlkl Woul d be
appar ent t’dg@ it% rggg&gg cg%ag(?rngf(;@% E\Ibﬁ?lre%/tﬁlat iqg)d:llen‘\;/-%rll [ g’%}/ec g be practiced
Wi th any PrdndriiRR) SE¥Id® thpRheté QWhakObrloP Sl The bhRrQi RS

conditioned and used to adjust the VCO until the frequency of the VCO matches

the frequency of the reference oscillator.

A VCO can be swept over the frequency range of interest by a control
voltage. The output of the VCO is the output of the PLL system, which is used as
15 the clock for different applications. Ina 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 phaée 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 sync rate (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. OQutput of block 610 is the generated



frequency to a reference frequency. The final conponent in Qk@m?_g%stem
is the loop filter. This is necessary because a typical phase detector
does not generate a "DC' error voltage but 20 rather a pul sed waveform
depending on the loop | ock situation. For exanple the Mtorola MC145170 PD
output is a logic level signal with pos'Q?i ve or negative going pul ses
(dependi ng on how the chip is programmed). If this waveformwere applied
directly to the VCO a broad, frequency nodul ated signal would result. The

| fiiter integrat the PD output to 25 prod th
er'ror Vol { BEBUCICE PR VRlei ofrayed D inags BHeRD Ploch COReLPEEG B ol ong

Z“ihﬁﬂui g ry PR Yok ?E@%@”g?ﬁﬁéﬁeti 5 dersfér%ﬁgﬂh?ﬁd@%ﬂ@é&%@é s of
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controls vobiaa of Y6l &, t he conponent values in the filter sets the PLL
performance. “As di scussed earlier, the PLL divider is an integer nunber. In
that discussiop, the nunbers %r‘gcéonveni ently chosen to prodlfjce i nt eger
nunbers when tHE2 tYRIGRHEHEIER, hereCPenaatesdha Frastuenspan q1denot he phase
detector. |In 1 ractice.however, integer nunbers do not always result from
the scal i nﬁlagpfqblﬁfz%lg]f‘?fetrhéﬂ & Zeferonse gf’f efﬁ?‘@‘?ﬁ iBTHM e %S%X%r eci si on may
create pro t _the Quiput of the VCO fro |y, | gcking with
the r et or clediichlifte oR2R KT abd% AMtRhHeRierbdfretiran St Y §R,
swi't chi ng Pa%%%ﬁ@?efgf%fcc@rd‘fﬁher Wil @3 ZRYRSE %ﬁfste;mefé?gﬁ{e%}ﬁ%b 64@/?[-1Qrcﬁpild%m we
exam ne a typical video
10 by 160 = 25 KHz). For a VCO output of (for example) 146.5 MHz the PLL
Divider would be set at 5860 to divide 146.5 MHz down to 25 KHz. 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 generate a “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



15 application. Supposing there is a desire to project ar% pmgalgmgsc
(National Television Standards Conmttee) video signal that arrives at

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

i nput frequency (also called the horizontal and vertical sync rates), on a
1024 by 768 resolution display screen. ,20 Were 1024 is the output

hori zontal resolution, and 768 is the output vertical resolution.

Resol utions are specified in pixel counts and are usually refer to active
di splay region. Therefore, 1024 by 768 conprise the active dis ar ea.
"Bt val | By sevesl posaiblappamens f phanndeterios cirugsaMasmadanida. and
in the case of a 1024 by 768 active display wll| be 1344 by 806 of  total
resol ut i onchippijuge ax %eawumw@rcmﬁ drhe autpybgl the chargrPePHE adesicleteic ock

t . tgut f th WA th
o or ence BREEe ﬁlﬁféavif%qau‘e’ I SialegE 0 T o diarh Uik VGO S Snabp . o 0
oo e A I horter dlie it he
desi V tyER t d
orbur 11 o DEYCOTAIE (ERIHEN P RRE S nAE ke s 0
pi xel datﬁltstét?ﬁ-leslaﬂEpfeE%aﬂé the input data. Therefore, VCO output is

gi ven by: 10 VCO CQut (Vert 'nput Freq) (Qut put Vert Res)(Qutput for
Res) Substituting and soJving for the PLL divider value results in the

foll owi ng equaffsiscugspd eas 1191' the HL-Lrdigkler apam tegernupgey. fhut Hor Res)
PLL DI VI DER =

discussion, the numbers were conveniently chosen to produce integer numbers
when the frequencies were scaled down for input into the phase detector. In

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:




(VCXO Freq) /(Reference Divider) Substituting a VCXO nom Qa@ gfoTeqyency of
27,000,000 Hertz, and a 20 reference divider of 1024 results in a val ue of
2462.562 for the PLL Divider, which is a non-integer nunber. As previously
di scussed, PLL Divider values are currently limted to integer val ues due
to hardware limtations. Thus, the fragsional part (i.e..562) nust be
discarded resulting in a PLL D vider value of 2462. Back-cal culating for

t he desired VCXO nomi nal frequency required to 25 provide a lock results in
27,006, 167.51 Hertz. Note that one can certainly manipulate the nunbers to
provide a non-fracti RLL divider. Ho t here are physi cal
constraints |ike, foml%?%, t he Lefermbd}m}lg%ewggal so be a
positive integer_nunber (€yén 1). Referring t i.gure 4, due to the
inability to acB%%FﬁnCF MiHd fractional part&agrﬁﬂ “PLL Divider, there is
arelative notion 1) OCT 2"M 3 26 between the output vertical sync pul se
406 and the input vertical sync pul se 408 because their frequencies are
not | ocked. To | ock in phase, both frequencies nmnust be equal. |In general,

out put  ef o1 encitF Fetnancy PR R e Ry R o Rodo 8 D3 T TE

a frequencyn@su rRing thR%G, ishie uEﬁ%Sl' Ré‘cﬁ;iﬂéﬁi %&re%ﬂ%@%hﬂ%@bﬁtedlﬁﬁéikélt ter.
et f

The output reference frequency cannot 00 | ow because as th equency
decreases #he iRlthe Bhiele fAAKE a8 thé Rl dAd. Uhvicdele, VT O oSS beverv®y:Ch
causes nore jitter and less stability. Also, on the high end the ‘output
reference 10 frequency is the smallest frequency step or change that can be

de by, the PL it i pl he_f byi nt
s RS e R R R L A T
frequency could possibly be which would require higher adjustnment to the
VCXO to nake up the difference.

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

equation:

15 (Vert Input Freg)(Output Vert Res)(Cutput 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 freciuency 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



Current technology limts VCXOs to the 500 to 1000 ppn1r§ﬂgqg@pqgm§ per
15 mllion). Those of ordinary skill wi'll recognize that thé present
invention is not |imted to use of VCXOs with this frequency range. Any
VCXO wi th adjustable frequency nmay be used in practice. The desire to
switch between nultiple video sources, $prmats, and to display a wde
variety of user-selectable resolutions, nmakes it inpossible to 20 choose a
fi xed nunber for the reference frequency. The problemis that the nunber
of pixel data th%ﬁ nmust be read between each vertical sync pu%;g is given
by the ver®§genithe gutritswmibe vyt PrissI408¢nsythe prputasticalaypgipuage 408

resol uti on and the . out put horizontil Qgﬁq@yfiﬂn. or qur, exanpl e case
above, that*RUADEIET SeqianasprsAptigckesh Lo jackdn 6254 PR fAHERTFY equency
for the PF&IOP gut if all the 25 display data is to be read within the
verti cal syﬁ% % F482" However, this nunber varies because the user may
specify different resolutions and al so because the input frequencies may
vary dependi ng longermuak theredefenrerdivider ampi theaVCXED fregnetoy preoaalensed
consistent lock in the case where a user specifies different _output

resol utd ongicht gt enaetpus erferasspdreguensy (ise VX Prirepf IRedergnoe Hbiiden) s
AL T VPR RIEN D AE o  e
adi 1 onal LB PRI relSebitasta e DhenebE Toh iV DRt siect e THEURAY, der, as
LD vt achrreedEPL LR aE B aSeRe L CvEer RCORbeh e R PShpd '
e e e R e
704 1o mod e g e SR o R M TR e P, i 1 ok

because it can only multiply the frequency by integer numbers. 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.



reference frequency and synchroni ze the output vertical syne gyl ?@Jn?)""’ith t he
i nput vertical sync pulse (Vs-in). Mre detail ed descriptions of “the
operation and contents of each bl ock are provided below. 15 A single Phase
Locked Loop may be used; however, the required output frequency (pixel

cl ock) of nore than 60 negahertz with af7i nput reference of 60 Hertz would
require a PLL Divider value of nore than 1,000,000 which would make it
difficult to stabilize the PLL | oop, since every reference pul se would

require over a 'ﬂ)E)lrjr)r\gll@ggc%gl%{gkeﬁtt9501{%%'11%%asér%re%%Elger Hﬂes.tdéﬁefe'@@se Lock

i
. C
Loops 20 in serie i zation easSier and nore precise. Finally, to

accomodat Gui Al bafulioRY il BREN RS odbs MRARALIAIA (1 ERRYLLBRoRAGA NCOM ng

vertical syn requency i s a agram of an enbodi nent of the

present i npghfé gn 718 ol 1916KKk ERRrh PO tvANBh U TSHK VESPd &8lche@ ) RGefidd, €S 1S
shown in Figure 8. To put the Figure 8 diagramin the context of 25 Figure

7, the conhi aabtdihcefwithaeksnBddinidritaddhe Pidehbirdquitioal e Block¥0Z of
Figure 7, and the conbination of bl ocks 820 and 822 is equivalent to PLLI

of  Fi dur ePIL1,3s theiigin@DBLR&nddsibelc A4, PLEGLisnhy atdazmabPReffer ri ng back to
Figure 8, in block 804 the input vertical sync rate (the reference rate)
i s nmeasur egccommedgtedbe drantionnbpait wf tlonP U iDigiderhagiistussqdeboyes5The ee

runni ng oscillator 802. The output of vertical Fr e%_er]cy Measure bl ock 804
i s the nuntlesesspossbletinteger npaplerdd) is wheg farshe BLRIVEdr ingha - ieckany

% ot S e e WA L5
o NSO YL her RSP o Shebde R et e LR, e
21, OOOld) Ooﬂ"g %‘cgo%n 'of: ﬁlel 1%51:4 f?’gétfc?r%l ?)%rot’ ofttﬁgtl’LL Divider, a second Phase Locked

Loop, block 704 is added in series 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,'fhe 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  in 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.



is a non-integer value. Since only nunbers of oscillator 8§)2 8 Jﬁses are
counted, the fraction drops off, resulting in |lost precis fn ;l 00Gr t her
inability to lock. Therefore, it my be advantageous to use a faster
oscillator. It is also desirable for the free running oscillator 802 and

t he VCXO 818 nom nal frequency to be 1538he sane value to help mnimze the
calculations that the mcro-controller nust perform Mcro-Controller

Cal cul ati on The out put nunber of counts fromblock 804 is fed to the

m cro-controller 20 block 808. In addition to its other functions, the

m cro-controll er block 808 selects a reference divider 820 and perforns all
the calculations to conpute the PLL Divider value that feeds into bl ock
826 of PLLVettcit Fe@ienky Meanugsed earlier, the reference divider 820 can
be any positive integer value. The mcro- controller conmputations are based

on user sel ect agkf’erﬁﬁ I }P‘%ﬁlﬂ‘@%ahl BE)_FHSQQ Lﬂﬁé‘ ‘ﬁﬁ?xﬁwe@ﬁ&il%&ﬂ& 2hte (th

resol utions, and vertPcal resdlutions. e sel ect'ion may e accorrpel i shed

Lhrough 2 Herefericl hffc) ACRaliHRABVer Plbattall rds DR BrUidin QHiER I Rfiendp O CT

2003 29 The only conStraint is the Vvertical sync frequency, st be

the san® OfreeRRhhi cilpet SWJdTE@@thWEJeﬂE&@Fré(?IenE aédsur@bldck spack. I'n
one enbodi nent of the invention, the mcro-controlter 808 may conprise a

M cropr ocegsbie nunbdrasitconads pyr WatiosloIThat $3) blodksstan@udits hdw hafppeide
famly of processors, or a mcroprocessor manufactured by Intel, such as
the 8031, 806k, os8lilad6y 8@ odeanbetwredraiwd inmit yEricasyor pulses. HoSPARGPHM,
m croprocessor from Sun McrosystensTM Inc. However, any other suitable
m cr opr ocessbiator 8it baviegphreeremayyofhl 040,000Adertz ueedorain MILGEkveBiear at i ng
Phase Locked Loop The pixel clock generating PLL, block 822, generates the
pi xel cl ockynaigput of 59.94 Hertz will result in an output number of counts 0f 450,450
10 from block 804. The actual number is 27,000,000/59.94 which is 450,450.450, that
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 running oscillator 802 and the VCXO 818 nominal frequency to be
15 the same value fo 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-conirolier.



required to read all the desired display data within the vqy@iggﬂ 2843C
period. For exanple, an NISC 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
t he VCXO bl ock 818. The VCXO 818 starts at a nomnal frequency, and is
adj ust abl e over certain range, usually between 500 to 1000 parts per

mllion ( fth current .technol . For exanple, a 500 m adj ust ment
Mange for  Eibonly bRt ti i ar e oty BB6 HECET Do hbgng Pias
27,000, 00 yvide by 1 0, 000 t put ,of . the reference divider, block
820, is 08?% rtbalwg%arbcggﬁu?wi?%sgﬂ_ﬂlﬁ@?@8??:quc tk 826, in the Phase
Det ector, block 828, to generate the phase error between the two signals.
The pi xel cl ocklnoergembpdirgemeefthednientidre thie migyecGomolet 8@magsci | | at or
(VCO block 824 which receives the filtered phase error. Filtering may 25
be used tCUREHFE p MCEHETORPISE Mazitediuresbpy Metogplaetisdeds eaePfEie 2 0 0 C T

2003 3Q The pixel .clock represents the rate at which video data is read
from nﬁwﬁtﬁéf‘ é%mﬁmé PEPSESPOTSt B & TYGTQRICCESSOF BrprpHagtured gﬁdﬁteﬂrrﬁélchL

Di vider bl ock : t hasg det ect or.. bl ock 828 for c ri.son with the
ref erence.® ei@ggﬁ@af %@@%iﬂlfﬁe?tﬁ FﬁmogP%Cﬁ@SO@ﬁEraaﬁg‘g,ﬂdg ock 830, for
generation t he hati zant al ~.and_vert Lg SyRC pul ses. { ut.ﬁ%jrring
Cener at or ORISR Yr ol Gl eine” 20k Blen 8By TPl o
the Qutput,: Ti.Al r .. .khe OIG generates the output
10 hori ZOﬁl:né%bgl;/%sﬁpgeﬁ%%cé&%@eg%%}géggxﬁﬁrgzeé "horizontal sync start
nunber™ and a "horizontal sync end nunber” off the pixel counter based on
the output format. The pixel clock clocks the pixel counter. The pixel

counter resets to zero
10 Pixel Clock Generating Phase Locked Loo

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.



after counting to the required total nunber of pixels per I'neqlmﬁéput.
By decoding different nunbers for the "horizontal sync st P and
the 15 "horizontal sync end nunber", the sync to video timng can be noved,
thereby shifting or noving the picture on the output screen. Figure 9 is a
fl ow di agram show ng hori zontal sync pugée generation in accordance with
an enbodi nent of the present invention. “Figure 9 executes for every cycle
of the pixel clock. At power-up, the pixel counter (Pixel-Counter), 20 the
out put horizontal sync (Hsync_Qut), and Menory Read Enabl e discretes may
be reset. The hdhezoxtlalockyneprasentstthauateert witskh ved<s data)is révaf froont al  sync
end nunber (Hsync End), total nunber of pixels per line (Horizontal Res.),
start coufmemnery brfter: yIhnpixel clpdaduipritiefediennk tBremgl) thealdl &Mdidesunt f or
menory buLLqecr read (Pixel _Read End) are witten by the mcro-controller
into regi sP&ckABogaithe phasqdetgsiorplogk %2808 cRrpaaispRevish thae refeipmcer Lt is
incremented, if .at block 906 the j xel counter_value is equivalent to the
hori zont al a@ﬁﬁdé?%%erﬁﬁw ﬁ%%ﬂﬁiﬁmﬁ%‘%@wf‘%’me@ﬁn%PP%t al sync

pul se ig aﬁgerted at ;bl ock.916 p%ocessing continues at bl ock 910.
However® i FOTAANI 9B VERTH B RESEY equi val ent to the horizontal sync
start nunber but is equivalent to the horizontal sync end nunber at bl ock
~ 908, then the output horizontal sync pulse is reset at block 918 and
processing continues at 5 block 910. For exanple, if the val ues of

Hsync_St armg%gpﬁime@}gﬁgl then Hsync._Qut will be asserted at pixel
count of 3 and reset "at pirxel count of 67. At block 910, the pixel counter
is compared with the start.count for menory byffer read operation, if

equi val ent, menof§ OPEY HZa aé'l‘}lo‘é‘imS'Flo?YE‘C s corpreed i ont i nues

gL 00K S e G BRSNS Bt B ook
10  horizontal sync pulse (HS_OUT) by decoding a “horizontal sync start number”

* and a “horizontal sync end number” 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-controller 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



menory buffer read operation, if equivalent, nenory read is Zjspbrf eggs at

bl ock 922 with processing continuing at block 914. The end count for

menory buffer read should be equivalent to the start count for nenory

buffer read plus the desired output horizontal resolution (wthout

bl anking) less 1. For exanple, if 15 theystart count is 88 and the output

resolution is 1024, then the end count wll be 1111 of the pixel counter.

Finally, at block 914, the pixel counter is conpared with the maxi mum

out put horlzontal resol uti on (i ncl d%gg bl anki ng) and reset at bl ock 924 if
t

they are AYEFAPRIFYNCHYdSe;spager Pds%%pac)@f‘é@@g watiguearbblockdh0t he
maxi mum ZOP? i zont aI sal ut OCGSSI ng term Pat es at bl ock
926. This en&"gVer Bt(r) E‘@éjsléelcguﬂg‘?rflﬁ Bq'f”(Yta eé\;é?@% prigoRel $YRE psel ¢l ock.
Th t put d t t put
nor i pontal bR S EIRI ARG B AERCLRL Sk ehd AR, Blockig, Wl lc b

t ead f; I
Clocked by AQRER ARl oyl IR It oD I ALY A ot LR et o, ©

by the pequis@dotootmir exag%sx@rlf afe Mlﬁ%opﬁ'évg&@m_é aﬁmsﬁ{cgﬂﬁa =47 héna

fl ow di agram of generati t he out put rtical I'n accor ance
with an eniidgineut ofilltheesbeaihi l?hd &Lﬁwt@f@a-ﬁdzl(%@é)’tai iRl PAWeHs g, the

| i ne counter (Line Counter) and e out put vertl cal sync (Vsync_Qut) may

b t. Th tart nb St , t d

nunber (Vsync_ E%{J)%Qaafﬁf e PR ol R edmigdrger frbhstrUaritidar hes) are
tt b t buf f 5 At t t

bi ock 1004 " he° BaEE R Shaitioh o eé‘?’rﬁeherﬁ?ryﬁﬁre%eas hoREhArblpche

counter vabugahd (e inthfichREbIRIdI83LIRIY B PRI E B htinklEa L) PU!

vertical sync pul'se is serte essi ng COI’] I nues at

bl ock 1008 blodkoey et blobk YT tRE ¥Ble] 8HAIRNs &&npﬁfec?WMﬁLa ©AH doint S

vertical sync start nunber
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
desired 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.



but is equivalent to the vertical sync end nunmber at block 1P@8p(Cthgmat he
out put 10 vertical sync pulse is reset at block 1014 and processing
continues at block 1010. For exanple, if the values of Vsync_Start=3 and
Vsync_End=8, then Vsync_Qut wll be asserted at |line count of 3 and reset
at line count of 8. Finally, at block 1@30, the line counter is conpared
with the maxi mum output vertical resolution (including blanking) and reset
at block 1016 if they are 15 equivalent. The |ine counter should never be
greater than the maxi pum output vertical resolution per frame. Processing
t er ni nat es AP YR the dneppuater{line Conntedsand heguitpst vedicebsynsvery cycl e
of the output horjzontal sync sjignal . conputed above. is archjtecture
makes the 5@?}@{}?— hitlmiay heaesetd verbisal sy stard ngmrbsr(Vsyoc pitegt) vertical

adj ust abl e_because the r et iyed valu for the c tants used
" e pr oSUASaE philies VR S S Bital St OF Bpes perc i B ay (o
time ske d] i sel i.ng.any ppint n the output frane to
be the 1ocC gﬁg%éﬁﬁﬁ?BFéf§#HéﬁiﬁﬁﬁPg§@F¥ggSFX§§ﬁ%Q%ﬁﬁ2%. In an enbodi nent,
a separate signal is generated off the line counter and fed back to the
vertica? phase 24 caéydsteblockil§04the ine coumisy énimarenoéntedeiflad blaokg 0p6i nt

wi t hout changing the output vertical sync. This separate signal is the

sane frequiHcYNASOWHET Bakisus equiialentdp the Hertiglsynrsfaieureie the puipidse. 2
COCT 2003 .33.1n one ot nore enbpdi of the present inventi t he
Sutput Tr R Btlss s Aneried AL plasRaNL 2 PTos A St e LR W |
Fi gures 11.and 12 . ing.,Both the horizonta nd ver.ti.cal syn ul.ses nm
beggener at Ie_%)%%‘feﬁ’glfﬁﬁ%pgiez)ﬁ?‘&nﬁéésc??tbeéﬂn}’ e&JfE?u Sveféc%}ﬁé{nﬁ?/arﬁgﬁg\pgh i ny
tthe exanpl I . t i_zant.al I i ener d...ln Figure
(e Sxamp! bty 4By o e Aol ALAL MRS PSR ShE Lkl ol
countefg hobdichl§y MAY is RREEFPISAL 12 ld processing continues at block 1010.

For 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 constants 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.



the nunber to decode. For exanple, the nunber being decoded cagl@cpemh?e
Hori zontal Sync start nunber, or the end nunber. Qutputs of t Q
Flip-Flops are equivalenced in block 1106 with the binary representation
of the pixel count 10 1104. When all the bits are equival ent, output of the
AND-gate 1108 is asserted. Figure 12 sh%?s an exanpl e of decoding the

hori zontal 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. Qutputs of block 1202 are passed through | ogic blocks
1204 t hrough 126800 O§&@eAmodineerp éthe Brasedhireention ethefdnimitinpng ck
1204, starhfof t he ou,tegut hor i zgnt al sync pulse at hlock 1206, and the end
of the hor PEBRTA{PT 3rhbe peprseenied psmlogingatepne showa indiigeresdd @ndel? r eset

| se i erted, i xel ter block 1202 i t t . Th
et Reset - BET: At B bR Sateh Sl B 1 Bhee Ephes sk Byneraledt 1hg e

flip-fl . . f t of hori | bl ock
1206 zo"E’ﬁ%ﬁ?%?ﬁ%“a?&&%@%@%@%&%&?@% g cRampfe Pedy, TP it o O

t : Y t : t put
7L ) HofRon@HbAE pitke i erfilihedl INFLAGTI <Gt RSB 305 (V1 P
25 As di scygsesitRathiBer ofhitO S tHEYx8CGHMEB HRIA &R{Eﬂ%égg%ﬂé&geﬁ Bonlgicom ng

vertical sync and also in the conputation of the P r value used in

bl ock 826. thEhes@ber tPdecclee bemﬁlé,sﬁ@%ﬁﬁﬁa%éhgdié%aéﬁ dbseepdipg the 2
o O CT 2003 34 fractional conmponent fromthe conputation of the PLL D vider

val ue, whi Horizenta Gynestdry nuffee@nthrectrabnambent ©gepuiofitde Q Flip-Ribss
earlier exanple, the PLL Divider was rounded off to the integer val ue of
2462 i nst eawd efuivdlencestjin bledk 1286 ¥ iB6theflinasy Rprédéntatimi bf fieqrixels@mplti ng an
NTSC 59.94 Hz vertical input, for a 5 desired output display area of 1344
by 806lbi xEI. Wiepall theebitsiateeequivaleptimugput of the AND-gate 1108 is asserted.

Figure 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 ét 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

in block 826. These errors are due to losses associated with discarding the



per vertical neasured at bl ock 804 was rounded off to the i g@
because fractional parts cannot be neasured. The result is tQ1 n 3||ty
to lock the input and output vertical sync pulses. To correct the problem
associated with the inability to | ock, a second PLL 10 circuitry
conprising bl ocks 810 through 818 is coggl ed in series with the pixel clock
generating PLL. In one enbodi nent, the ference divider block 820,

vertical phase detector block 810, and the error correction charge punp

bl ock 812 are shown nore el aborately in Figure 13. The phases of the input
and out pufragigonal campmynent fohs g @mepuanipar@dhe RLLHRividert vaae, whirhes
detector circuitry, 15 810. The output of the phase detector is passed to
char ge pun@gantly whplimenjed es andsteger dijiidet. eparlirrexanyae.dhmPLthe error
correction ch?{rge punp, 812, generates a digital output signal that is a

pul se as wPye S%“@ﬁé%ﬁﬁ%‘éogrtﬁ’dhe%tﬁ%ﬁ@éﬁa pgef ﬁﬁ@%l%n%dt@fc@qe reguigedhul se Sigd
Sét ?:St i 1 AT A2 MEE o sk 3@?@%@3‘5 e‘%télé’gptch msitsfou | | zes
E:or6r egﬁo ong%%]éq%g%‘%ﬁ&&rghslgib %ﬂ?a‘g%ﬁé%rg{??%ﬂ? rgin 5% ﬂéeﬁld 658 E‘%‘?rr‘tﬁer may
b buf f

e efj i 1? r alg?%\\%\?rpn%(e: g%%tgre@%ng cg&aéogs‘g Pasﬂdn%‘g(ggag %i%ﬁﬁ%%tr lu‘%)?g‘f% “buffer
' S a COﬂStﬁ-Q&I(}i{gl?@?{% hARYE bd hehBGred® "l¥\ ul?!l?ﬁ‘\lé ﬁ%ﬁh&g%l&f@&?@ L?ch 818,

adjusts its outpu requency accor OI‘CI ng tput and i‘nput

verti cal smgu(p\{ﬁmcg@ggny D) to Iock The resul ti ng VCXO nom nal
frequency will be such that synchronization 2 O OCT 2003 35 occurs between

(he nout vertgal_ e, L U YTkl ol SYIE S RIOM A0 P ST

10 circuitry comprising blocks 810 through 818 is coupled in series with the pixel
clock generating PLL. In one embodiment, the reference divider block 820,
vertical phase detector block 810, and the error correction charge pump block
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. Qutput 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 VCXO (i.e. if a low impedance VCXO ié
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




results when the output vertical sync pulse is |locked in fr?ﬂtiﬂﬁy i.th the
input 5 vertical sync pulse and there is no phase shift be bé
signals, according to an enbodi ment of the present invention. In Figure 5,
the top trace shows the vertical sync of the input signal 502. The bottom
trace shows the vertical sync of the oggput signal 504. In accordance with
an enbodi nent of the present invention, both traces (output 506 and i nput
sync 508) have the sane frequency 10 content but nay be shifted in phase

(user may sel ect desir hase shi 5 depicti.on, there is

no phase sﬂgﬁFshﬁﬁﬁﬁﬂl PVFEWEﬁaBﬁ%§ q&%@FFFBB ma - p% Sk gy

output puIEe 50%Tand i nput sync pul se 508, woul d appear to nove together
.e., loc he frequency that will result in an integer nunber for the

PLL Dvid : ¢ Lh
pul ses. This Tr Eipah &g ¥EUNGEE S WA i oBul PBllcaF bRy, vert! oo
equati on: 20 g2 W& fhe' dipht Eéx‘?ﬁliﬁ SHPE1sRNBARS (A IRy ot BESihpuY X0

Lock Freq ---------------%-----------

-------5--yertical s _cpulse and there-is np?yh ase shift bdtRleen Poth G%h)ads(, Redrapne
Di vider) Substituting the nunbers fromthe previous NTSC exanpl e, as shown

bel ow, resghembodimeMEEONOplestheimvenaynoin FimQe6, Ueridplirkies toviothd he
i nput vertical sync and the output vertical sync pul ses to |ock.

(59. 94) ( 806 ftitakgdynUEXBe ookt digralu@ac e bottom trace shows-the vertical sync of
(2462)/(1024) 2 0 O C T 2003 36 Substituting back into the PLL divider
equat i on yihe dgpan sigmab§et. huadserddree witlke an embodiment of the present
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.

25
(59.94)(806)(1344)
VCXO Lock Frequency =

(2462)/(1024)



PLL Divider as follows: 5 PLL DI VIDER = (59.94)(806) (1344) ,

-------------------------------------------- = 2462 (27, 006 Q6% 53003

(1024) The above exanpl es show that the second PLL enabl es phase | ocki ng of
the input vertical sync and the output vertical sync pul ses by adjusting
the VCXO frequency, which is the referggce frequency to the pixel clock
generating PLL. In 10 general, locking wll occur when the PLL Divider
equation results in an integer nunber. Applications Due to the present
invention'g ability to | ock output and input vertical 15 sync pul ses,
enbodi ment 3uBstituHag hagkiniogtheddr- dviderefuation Yigldsaadnirgsr rambgsdor Bial og
circuitry ? ggsev'ces éfnclyding those with interlaced/ non-interlaced

i nput & ou E v, s4QlleWsse providing: switching, graphics switching,
seanl ess 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 (Be94)806)(t3d4)rate and output a different
resol utd on and/ BLL DIVID&EReRt verti-cal-rate--Further -the2idg¥enti on can be

used to inprove various other sygpE0B6,867.530p(1QR4E)ate. In fact, great
benefit is derived at |arge staging events, fromincorporation of the

, , . | havi Z e i q -
25 are a di 11 or JHE 2P LG aRHED AL HE TP pER O A LA EhER A ERE e imy be
Ui ed wh . € A ke
apol | o0 uhare, SR} S BB SABIESLAL By omULELy Lkl o)

signal s tofbgh&ydys WHicR i9NR fRferbRfe HrBGHANS A0 thE Pl e k@eiefatih?PPB. In
("7 10 general, locking will occur when the PLL Divider equation results in an integer

number.

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

15 sync pulses, 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



37 an image generated by a conputer can be put into a vi depgt@@s éuﬁ}gor ded
presentation or report. The invention is also applicable to*t f4%F and
novi e industry. For instance equi pnent involved in producing speci al
effects, high resolution 5 graphics, conputer generated i mages, high tech
graphi cs, conputer graphics. Because mgyie filmis typically shot at 24
frames per second, but nuch of the incorporated television and conputer
video is running at a different frame rates, it is difficult to produce an
output with all the different franme rates "l aocked up" so whe picture is
gener at ed G%FW@gﬁgFP?%t%ﬁ?ﬁraaﬁo%ﬁ‘?réﬁﬁ RAtutdnEpt ¥ tfﬁefr?ﬁgg?ag t hr ough
the pictures on tthe m)nitogs. An additional application of the invention is
in broadcaBlSHYPHSIOAAERA T switchers and i mage controllers for broadcast
studi os require seam ess switching because of the nultiple input signals
used. For i nst ahbeindmndinicasts afpleableniol thd dilmaddbohoyiapltiussryadtor vi deo.
| nproved switching can al so be provided by the 15 invention for the
security ofskure eguganent iﬁ@(ﬁk@(finmﬂ@dpcm inedial gffdctappghaesdution vertical ly
| ocki ng_i nput and output signals fromdiffering video sources have been
descri bed. SHRMHGU§ATPRéesawsnted imagsent gh thes SHddicsd eQRPIIEB PRI ST espect
to certain_specific .enhodi nents be clear to tBose S ilfggd in the

it wl
art that ¢ REAURGERRYIoGIFCAtTPiSalBFhetes %#fég@ﬁ§ PSHSGINENPHOR U dBPI i cabl e
to ot her enbadi ment te?s well, all of whi.ch are integfeg. to { |l _within the
scope of t REOpasts Sfaaimand compuist dideofsnshs o AMifErent RS RIS f or
ver el Yy ealpR ) BROkESATBLN: Wi o PhELM RGN ARML S RclpO TP
| s0 when a picture is generated using a film camera, bars are not displayed

10  floating through the pictures on the monitors.

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.



5 generating a pixel clock frequency froma reference frequency,-

det erm ni ng output vertical sync pulse from said pixel cloékﬂﬁﬁ%hégﬁ%y;
generating said reference frequency to obtain a | ock between said input
vertical sync pul se and said output vertical sync pul se, wherein said
generating said reference frequency conprises: 10 generating a nom nal
frequency froma frequency generator; nparing said input vertical sync
pul se and said output vertical sync pul$e to generate a phase error
signal ; generating an adjustment signal by conditioning said phase error
signal; and 15 adjusting said frequency generator to generate said
reference frequency using said adjusCidMSignal. 2. The nethod of claim1
wherein said reference frequency is further divided by a reference
divider. 20 3. The nethod of claim2 wherein said reference divider is any
positive integer nunber. 2 0 OCT 2103 39 4. The nethod of claim3 wherein
sai d generatingla pixemeathed kor terdiquibnlyrkingwghale somypsiayagi ng sai d
reference frequency with an adjusted pixel clock frequency to generate a
phase error si gRRINTgENPLE sigapbhaypg st YRTkier! syneerlss; f requency i s
generated by dividing, said,pixel, clock frequency by a PLL Divider;
generatgng an adcOst aEf’%:HQOCBﬁ%WHFY%gW‘ﬁg‘% BCpHEdeE R or signal ;

and adj usting sajf BliXEle ShQUs VeI ENSY pliRt 1 2ndh ARLHIS PR, SLAR -
generating said reference frequency to obtain a lock between said input
vertical sync pulse and said output vertical sync pulse, wherein said generating
said reference frequency comprises:
10 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;
generating an adjustment signal by conditioning said phase error
signal; and
15 adjusting said frequency generator to generate said reference

frequency using said adjustment signal.

2, The method of claim 1 wherein said reference frequency is further
divided by a reference divider.
20
3. The method of claim 2 wherein said reference divider is any

positive integer number.



10 5. The nmethod of claim4 wherein said PLL Divider is deriyﬁegciy' -
determ ning the input vertical frequency; obtaining the desrre u?%}at

~hori zontal resolution and the desired output vertical resolution;
generating an internedi ate divider value by dividing the product of said

15 input vertical frequency, said desired output horizontal resolution,
said desired output vertical resolutiod and said reference divider, by
said nom nal frequency; and setting the PLL divider to the integer portion
of said internediate divider value. 20 6. The nethod of claim5 wherein

sai d determ ning. the[haRMth¥8I0 kadh 3 LHheHe ey %Ré‘i}%rti'n Qﬁ@\%@kﬁ]&éwg the
nunber of pul ses of a free running oscillator et ween t adj acent i nput
vertical sypguphtgesmp2ies. The nethod of claim5 wherein the user provides
said desired out put ﬁbrizontal resol ution and said desired output vertical
resol ution, sai domrgatripgtsahbrdéferentafreqesalyuvitbanadfhssad gixelitlpdt verti cal
resol ution having the pixels required for blanking. 2 C C C T 2003 40 8.
The net hod fequensy in gervheledi phasaictralsignali whengirosr @ aeljustad piegl cloglync pul se
conprises: obtaining the quired out put horizontal resolution and the

desi r ed?outraensy ipeerpraded pr Y idingirid péxd clock Mgaaepsky a bl idey

ti th I f i d,.pi.xel . cl : ting. t hori.zont al
Sulse fom sat dETaRng SR Egs Rendl P goS R AL B Bty otietfing. sat d
out put horiaﬁant al sync pul se;

adjusting said pixel clock frequency using said adjustment signal.

10 5. The method of claim 4 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
6. The method of claim 5 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 7. The method of claim 5 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.



generating said output vertical sync pulse fromsaid Iine counter; 10
restarting said pixel counter when said pixel counter reach?@ bhe ired
out put horizontal resolution; and restarting said |line counter ai d

| ine counter reaches the desired output vertical resolution. 15 9. The

met hod of claim8 wherein the user provides said desired output horizontal
resolution and said desired output vertical resolution, said output

hori zontal resolution and said output wertical resolution having the pixels
required for blanking. 20 10. The nethod of claim8 wherein said generating
out put horizontal sync -pulse conprises: asserting said horizontal sync
pul se when said pixel counter is equivalent to a user progranmble

hori zontal sync start nunber; and resetting said horizontal sync pul se when

id pixel [ i t . bl h tal
end number. 2 &0 ¢ TSOEEG ShTeinp o P P AT e el o T
generati ng ﬁﬁ%ﬁﬂgexgkhhggi sync pul se conprises: asserting sald vertica

sync pulse sal I'n€ counter is equivalent to a user programrmabl e

vertical sync stgfiniA @@Hes@é&ldmﬁgh‘?ﬁ@&&érﬂgl RAbFhHGR driCidle F¥PREd Bulﬁ@c when
said line counter iIs qU|va ent t user progranmmbl e vertical sync end

nunber , 5 W@eRichl sabkhitiwhart nunber and said end nunber may be adjusted to
cause a phase shift between said input vertical sync pulse and said out put
vertical pul se. ghferifing Apsyd temmeoby ventiingHieycyictesidf sgidspigalatisclc onpr i si ng:
an input signal conprising input vertical sync pul ses;

generating output horizontal sync pulse from said pixel counter;

generating a line counter by counting 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.

15 9. The method of claim 8 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 10.  The method of claim 8 wherein said generating output horizontal
synicpulse comprises:
asserting said horizontal sync pulse when said pixel counter is equivalerit
to a user programmable horizontal sync start number; and
resetting said horizontal sync pulse when said pixel counter is equivalent

25  to a user programmable horizontal sync end number.



a clock generator for generating clock pulses froma referenz requency;

an output timng generator for generating output vertical & é G sé¥3 from
‘said clock pulses; 15 a detector coupled to said output timng generator
and said input signal for conparing said output vertical sync pul ses and
said input vertical sync pul ses; and an adjuster coupled to said detector,
said adjuster configured to adjust saidiclock pulses by adjusting said

ref erence frequency so that said input vertical 20 sync pul ses and said

out put vertical sync pulses are synchroni zed, wherein said adjusting said

reference frequency COhbERM of PN AIWHAGA B é?l%kat . Sﬁ‘rgvﬁwexftf&f%

frequency generator; conparing sald input ver | sés and Said
out put vertlj,,ggécorﬁyﬂgquul ses to generate a phase error signal; 25
generating an adjustment signal by conditioning said phase error signal;

and adj usting sahgeftirggard eyrigangratnilsd ehaepaddie c@&htbrﬁ@é%ﬂleﬂléﬁt toa
frequency using said adjustnment signal. 2 p 0 CT 2003 42 1 The system of
cl ai m 12 wheeeipnograntinakleerence sfnesfaenuymber; fndt her  di vi ded by a
reference divider value. 5 14. The system of claim 13 wherein said
referene di vi deesajingsaidsveahigal spogpulse evhentseirblineicoryder ispquiveentgg et em of
claim14, further conprising a mcro-controller, wherein said

mi cr o- cont r4ieF BFO@@F@E?@%@F%@ EY R %tﬁé:@umh?r dehesgip $ad stegt mBmbpRandy st em of

claim 15 Wher Feid %%' qyeg en?aeyr 51 %stedc%o cause a I_e)ﬁase shift between said input

vertical sync pulse and said output vertical pulse.

10 12, 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 detecfor 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 adjﬁstef 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, wherein said
adjusting said reference frequency comprises:

generating a nominal frequency from a frequency generator;
comparing said input vertical sync pulses and said output vertical
sync pulses to generate a phase error signal;

25 generating an adjustment signal by conditioning said phase error

signal; and
adjusting said frequency generator to generate said reference

frequency using said adjustment signal.



conprises: said clock generator conparing said reference frefipency g@ h an
adjusted clock frequency to generate a phase error signal, wherein said
adj usted clock 15 frequency is generated by dividing said clock pul ses by a
PLL Divider; said clock generator generating an adjustnent signal by
conditioning said phase error signal; and said clock generator adjusting
sai d cl ock pul ses using said adjustnent %#gnal. 202 0 0 CT 2003 43 17.
The system of claim 16 wherein said PLL vider is derived by said

m cro-controll er and conprises: determ ning the input vertical frequency;
obtaining the desired output horizontal resolution and the desired out put

5 vertical resolution; generating an internedi ate divider value by dividing
the product of said input vertical frequency, said desired output

hori zontal resollii onThegydemesfidlaith 1duhsueinseid refeence frequenanis fandesai d
reference diyvider, by Eaid nom pal frequency; and 10 setting the PLL

di vi der to ¢ ¢%?E@é?eB§FEFEHKBFV§a#H internmedi ate divider value. 18. The
system of claim 17 wherein said determning the input vertical frequency
conprises counting the nunber of pulses of a free running oscillator 15

bet neen o 0, 0] SEETC HRPHIR S Lesl PUGGRY)SER AB%eTML LRI I DY, 40
wher ei n thep&gﬁa{;e ﬂ{t%&dﬁ&mﬁ@{.d desired

15, The system of claim 14, further comprising a micro-controller,
wherein said micro-controller selects said reference divider value.
10
16.  The system of claim 15 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
15 frequency is generated by dividing said clock pulses by a PLL Divider;
said clock generator generating an adjustment signal by conditioning said
phase error signal; and o
said clock generator adjusting said clock pulses using said adjustment
signal.
20



out put horizontal resolution and said desired output vertical resolution,
sai d 20 output horizontal resolution and said output vertical or866l 28j8on
having the pixels required for blanking. 2 0 O C T 2003 44 20. The system
of claim 15 wherein said mcro-controller performs said generating output
vertical sync pul ses conprising: obtaining the desired output horizontal
resolution and the desired output vertical resolution; 5 generating a

pi xel counter by counting the cycles of 43aid cl ock pul ses; generating

out put horizontal sync pulse fromsaid pixel counter; generating a line
counter by counting said output horizontal sync pul ses; generating said
out put vertical ,sync I r i j . T I, i, d-ipi xel
counter when salwz pi ;Te%g Si%ﬁg&%@ég{a%gg %? %lfei%ggilpp{é(? 1“%%& g%?%ﬁ?“ﬁ% igzzugi nt al

resol uti Ongqigéd?dan(;l?errtairlﬁgcoﬁﬁ]%Hsési: ne counter when said |line counter reaches

the desire utput vertical rtesolution. 21. The system of claim 20 wherein
the user .provi g%r%ﬁgc{%iiﬁ b verBc AUk RHler9r | Zontal resol ution and said

desired output vertical “resolution, said output horizontal resolution and
sai d out put ver phRahing@he dekired olgitpbriAtdl needla iR quldr e desiredloaiaing.
22. The system of clarm 20 wherein said generating output horizontal 20
sync pu seveRiral fes8hiticasserting said horizontal sync pul se when said pixel
counter is equivalent to a user programable horizontal sync start nunber;
and resetting sgecbrhting zarihtrmeyliate plivisler whke hyadivigingghe pgoduerofisgid
equi valent to a user programmable horizontal sync end_ nunber. i

input vertical frequency, said desired output horizontal resolution, said desired

output vertical resolution, and said reference divider, by said nominal frequency;

and

10 setting the PLL divider to the integer portion of said intermediate divider

value.

18.  The system of claim 17 wherein said determining the input vertical
frequency comprises counting the number of pulses of a free running oscillator |
15  between two adjacent input vertical sync pulses and multiplying by the

frequency of said free running oscillator.

19.  The system of claim 17 wherein the user provides said desired
output horizontal resolution and said desired output vertical resolution, said
20  output horizontal resolution and said output vertical resolution having the pixels

required for blanking.



25 2 0 OCT 200, E 45 23. The systemof claim 20 wherein said ge@emagg]ng,g
out put vertical sync pulse conprises: asserting said vertical sync p 1@%
when said line counter is equivalent to a user progranmmble vertical sync
start nunber; and 5 resetting said vertical sync pul se when said |ine
counter is equivalent to a wuser programmable vertical sync end nunber,
wherein said start nunber and said end ﬂgnber may be adjusted to cause a
phase shift between said input vertical “sync pul se and said out put

vertical pulse. 10 24. A method for vertically | ocking input and out put
signals conprising: obtaining a continuous input video signal having an

i nput vertical s3nc Thesgutenyf cpemelawhageia shid sicrdiopingedley petferfs smdsai d
continuous input video signal, 15 said first divider value being a positive
i nt eger nungmreratjementtitrvpriacal efee pnises tomguishyy using a first frequency
generator having a first adjustable output with a nom nal frequenc

greater than zer@btaigtieg hedesired ouipat BREEOR R ferOHeyon and de desipceopiput
adjusting said first adjustable output of said first frequency generator
about said ﬁ@ﬁ$ﬂdﬁﬂﬂﬁgeﬁéncy using an adjustnent 20 signal; generating a

AR TN N B A T AT R I
£ eaUTeY 11O oo S S F I REPBLA LR 2T 05t 0
generating a line counter by counting said output horizontal sync pulses;
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.

21.  The system of claim 20 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.

22.  The system of claim 20 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.

25



said input vertical sync pulse frequency and sai d out put ver?%ﬁgl sync
frequency by generating said adjustnent signal froman erro @ﬁé@mgsaid
-input vertical sync frequency and said output vertical sync frequency. 2 0
OCT 2003 46 25, The nethod of claim 24, wherein said input vertical sync
frequency is indicated by a vertical sync pulse occurring at said input
vertical sync frequency thus having a pburality of input vertical sync

pul ses in said continuous 5 input video signal. 26. The nmethod of claim
25, wherein said input vertical sync frequency is determ ned by counting a

number of pul seszof g fersgg‘tefrPS 188 9@?\1}%{'}5' %Eﬁjld ﬁ%ﬁ?{t%/ﬂ%?u%%ﬁ%ﬂ%aﬁm

adj acent input vertica ync pulses o i nput verti cal
sync pul ses g\/?,g[ﬁicg tdsfree running oscillator has a frequency equal to
sai d noninaan equency of said first frequency generator. 27. The method of
clai m 24, wher eiaBsegtihg stief wireqdeyhe pqisendien said Benenaitediskyudiaténtitag sai d
first adjustable output of said tirst frequency 15 generator by a second

di vi der valuser prgreimalsaivdrismt synk stastirdenbarahné i s a  positive integer
nunber. 28. The nethod of claim 27, wherein said generating said first

di vi der 5 val ue fressitingsaidveniidahapuspidaputhenisdisbling enuitercio earivadent tog
obtaining a desired video output vertjcal resolution; K obtaining a desired
vi deo out pHSehBFo&aRmaable seHIat Y enghAUgeRE"Ekersy sid SHEERHBUCRERval ue by

Vi deo out parHBH ZBRORT St T eRc 1 s EFe e S0 PO eB I BLE A 11 cal

resol ution ] i d nd_di.wvider, val.ue, said 25 nom nal frequency,
&Y Cq‘tl gﬁbfaﬁ)u ggﬁ‘é‘gﬁ%léi Oé%p]iltn eerlag? Pﬁltlgéréfi on and a fractional

sai d i nternedia u
port i on;
10 24. A method for vertically locking input and output signals

comprising:
obtaining a continuous input video signal having an input vertical sync
frequency;
generating a first divider value from said continuous input video signal,
15 said first divider value being a positive integer number;
generating a reference frequency using a first frequency generator having
a first adjustable output with a nominal frequency greater than zero, wherein
said reference frequency is adjustable by adjusting séid first adjustable output of
said first frequency generator about said nominal frequency using an adjustment
20  signal;
generating a pixel clock frequency from said reference frequency using
said first divider value;
determining generating an output vertical sync pulse frequency from said
pixel clock frequency; and
25 generating adjusting said reference frequency to obtain a lock between
said input vertical sync pulse frequency and said output vertical sync frequency
by generating said adjustment signal from an error between said input vertical

sync frequency and said output vertical sync frequency.



setting said first divider value to said integer portion of $A)diCT 2003
internedi ate value. 20 0C 2003 47 29. The nethod of claim 24, wherel
generating said pixel clock frequency conprises: generating said pix
cl ock frequency using a second frequency generator 5 having a second
adj ustabl e output with a nom nal frequency equal to zero, said secon
frequency generator using an input erro#ésignal to generate said second
adj ust abl e out put, wherein said second adjustable output is said pixel
cl ock frequency; and generating said error signal by conmparing said

reference frequency with 10 an internedi ate frequency generated by

dividing said pixel clock frequency by said first divider value. 30.

net hod of clai m29, wharekbmoRfh 2 uﬁi&@ﬁ%aic@in%% Vpﬁfca{]é. rﬁ%tﬁ%ﬁﬂo

bei ng passed to said second frequency generator.

531. T

n said
el

d

The
fore
claim

24, wherei ﬁs&&iidatg&rb?raa&érﬁgal%%apﬁlééI@@&urriﬁ?ratt Eﬁ@'m?)ﬁrk%rﬁ&ﬂgyﬂﬁc)’_ conpri ses:
obt ai ning a desired video output horizontal resolution and a desired

out put ver tfregalenceslohabawing aZlugdineobinipogvertiohkgnc poilses & sdiyl contintiong

vi deo

cycles of said pixel clock; generating an output horizontal sync frequency

from sai®d phret videasignal

generating a line counter by counting cycles in

sai d out put horizontal sync frequency; generating said output vertical
sync frequency fromsaid |ine counter; 25 restarting said pixel count

when said pixel Jgount e rrnee?thch of ﬁ%'lﬁiz ,eusrllxgrg% said input vertical sync frequency

10

15

20

25

is determined by counting a number of pulses of a free running oscillator
occurring between two adjacent input vertical sync pulses of said plurality of
input vertical sync pulses, wherein said free running oscillator has a frequency

equal to said nominal frequency of said first frequency generator.

27.  The method of claim 24, wherein said reference frequency is
generated by dividing said first adjustable output of said first frequency
generator by a second divider value, wherein said second divider value is a

positive integer number.

28.  The method of claim 27, wherein said genérating said first divider
value from said continuous input video signal comprises:

obtaining a desired video output vertical resolution;

obtaining a desired video output horizontal resolution; and

generating an intermediate value by dividing a product of said input
vertical sync frequency, said desired video output horizontal resolution, said
desired video output vertical resolution, and said second divider value, by said
nominal frequency, said intermediate value having an integer portion and a
fractional portion;

setting said first divider value to said integer portion of said intermediate

value.

er



video output horizontal resolution; and restarting said |ine ﬁfB@WEEBM$e”
said line counter reaches said desired video output vertica? esolution. 2
O UU' t 2Q03 48 32. The nethod of claim 31, wherein a user provides said
desired video output horizontal resolution and said desired video out put
vertical resolution, and wherein said desired video output horizontal
resolution and said desired 5 video outgrut vertical resolution have pixels
required for blanking. 33. The nethod of claim 31, wherein said generating
said output horizontal sync frequency conprises: asserting a horizontal
sync pul se when said pixel counter is equivalent to a 10 user progranmable
hori zontal sync start nunber; and resetting said horizontal sync pul se when

sai d pi xel counger i?@fﬁgyﬁ sjglauﬂ 94 8 HS8In L PYLATIRAL SaillsikaA  sync

end nunber. 34. The aim 31, wherein®said génerating sai d out put
15 verticaheaﬁag; FRAPARGY conprises: asserting a vertical sync pul se when
said line counter is equivalent to a wuser progranmable vertical sync start

nunber; and resgéidragng siid piggltdiedd frepuencpukig abeond diadjuenae gewerater i s
equivalent to a wuser programmuable vertical sync end nunber, wherein said
start runbhaviagc se26nd adphstbde ouipe wittay nbasina; foztuency equaliteecro, phiske shi ft
bet ween said input vertical sync pulse and said output vertical pulse. 2 0
O C T 2003stongdgrequengp gancmtay Ysing vrinpetArrer sigealita genersin sad geemput
: | i na:
stgnats Cg%%rs’:a%iencgutput, wherein said second adjustable output is said pixel clock
frequency; and
generating said error signal by comparing said reference frequency with
10  anintermediate frequency generated by dividing said pixel clock frequency by

said first divider value.

30.  The method of claim 29, wherein said error signal is further filtered
before being passed to said second frequency generator.

15
31.  The method of claim 24, wherein said generating said output

vertical sync frequency comprises:

A obtaining a desired video output horizontal résofutién and a desired

video output vertical resolution;

20 generating a pixel counter by counting cycles of said pixel clock;
generating an output horizontal sync frequency from said pixel counter;
generating a line counter by counting cycles in said output horizontal sync

frequency;
generating said output vertical sync frequency from said line counter;

25 restarting said pixel counter when said pixel counter reaches said desired

video output horizontal resolution; and

restarting said line counter when said line counter reaches said desired

video output vertical resolution.



a continuous input video signal having an input vertical sync f&@diehcds)3
means for generating a first divider value fromsaid continuous input 5
video signal, said first divider value being a positive integer nunber; a
first frequency generator for generating a reference frequency, said first
frequency generator having a first adjustable output with a nom nal
frequency greater than zero, wherein s%'d reference frequency is

adj ustabl e by adjusting said first adjustable output of said first
frequency generator about said nomnal 10 frequency using an adj ustnent
signal; a second frequency generator for generating a pixel clock frequency
from said reference frequency using said first divider value; neans for
generating an output vertical sync frequency from said pixel clock
frequency; and 38 nedhe methoderfelain dy velaredineaiperstprenidesisgithriesireshyidgoer r or
between said input vertical sync frequency and said ou%put vertical sync

frequency, oWy idroTizasdplreselution sk sadd grered ¥idee Pyl verticakies iy tory d
reference frequency unti] a | oc i s obt ai.ned bet n sai d i.nput.verti cal
sync fr equ§ﬁ§3}” ‘”ﬁ'&%%lé Jc?é’trﬁ‘éltv 1Aw:"é)r QRpRf hog&%’fﬁ? F’é‘éﬁ@%ﬁ“‘g ?lgéjes’fﬁg

apparatus of .claim 35, wherein said input,vertical, sync,.frequency is
i ndi catgd YD QP gg{hg@@ﬁ%so Iﬁﬁl%ﬂ%%%ﬁPﬁg}srfﬁqgfreggf)ﬁg{%ﬁ%fﬂg'verti cal sync
frequency thus having a plurality of input vertical sync pulses in said
continuous input video signal. 25 2 D OCT 2003 50 37. The apparatus of

cl ai m 36, wher el Saiglol ARMLARIiRE1, SYRSreir] LRAYEAEM NG SR BLGHIET b
counting a nunber of pulses of a tree’running
horizontal sync frequency comprises:
asserting a horizontal sync pulse when said pixel counter is equivalent to a
10  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.

~34.  The method of claim 31, wherein said generating said output
15  vertical sync frequency comprises:
asserting a vertical sync pulse when said line counter is equivalent to a
user programmable vertical sync start number; and
Y resetting said vertical sync pulse when said line counter is equivalent to a
user programmable vertical sync end number, wherein said start number and
20  said end number may be adjusted to cause a phase shift between said input

vertical sync pulse and said output vertical pulse.



oscillator occurring between two adjacent input vertical syﬁd}@@ﬁsggﬁ%f
said plurality of input vertical sync pul ses, wherein said free running
oscillator has a 5 frequency equal to said nomi nal frequency of said first
frequency generator. 38. The apparatus of claim 35, wherein said reference
frequency is generated by dividing said first adjustable output of said
first frequency generator by a second djgvi der val ue, wherein said second
divider value is a 10 positive integer nunber. 39. The apparatus of claim
38, wherein said generating said first divider value fromsaid continuous
i nput video signal conprises: obtaining a desired video output vertical
resol ution; 15 ¥t ai MGPRAEEES faFevil logleipgtinpet apdaviutsEEs ut i on; and
generating an internediate value by dividing a product of said input
vertical syRERPBHEency, said desired video output horizontal resolution,
said desired video ouﬁggt verLicaI.reERIuiion,.an sai d secQ@d di vi der

val ue, by said I HRAROUSIRRHEVESO SRl PRING ATHIPAT KoV 4L Hal PRG-I

i nteger portion and 20 fractional -partion: settin i.d fi Lvi der
Val s t o sai d | Ategutopaepraer Mt NHEL Aot 08 SRl ighelt 5005 51
40. Thegappanal gﬁgnaf, sgfdafim ﬁ%mg@@%% Bofil Qgﬁﬁ?ﬁ@%{eggﬂﬂﬂﬂl%‘én gener at or.
uses an“error signal’ to generate a second adjustable“output wth a nom nal

frequency equal atgrsé@lgegiugﬁg% %eﬁ&%mo?gegé%?%éf‘a b Rco BRI epl it

clock frequency, an _ erating sai I clock frequency conprising:
5 generati 'TEecfﬁ‘I#@]y ehefatst HQ@thYﬁf’s@ HRALsH e datshinetRaanafildl ¢hupRayy W th
e

an i nternedi a quency generated by dividing said pixel clock frequency
by said figrgitediVirdgéroy alhegein said reference frequency is adjustable by adjusting
' said first adjustable output of said first frequency generator about said nominal
10 frequency using an adjustment signal;
a second frequency generator for generating a pixel clock frequency from
said reference frequency using said first divider value;
means for generating an output vertical sync frequency from said pixel
clock frequency; and
15 means for generating said adjustment signal from an error between said
input vertical sync frequency and said output vertical sync frequency, wherein
said adjustment signal is used for adjusting said reference frequency until a lock
is obtained between said input vertical sync frequency and said output vertical
sync frequency.
20
36.  The apparatus of claim 35, wherein said input vertical sync
frequency is indicated by a vertical sync pulse océurrmg at said input vertical
sync frequency thus having a plurality of input vertical sync pulses in said
continuous input video signal.

25



41. The apparatus of claim40, wherein said error signal is ?grEB6ér2(330
filtered before being passed to said second frequency generator. 42. The
apparatus of claim 35, wherein said generating said output vertical sync
frequency conprises: obtaining a desired video output horizontal resolution
and a desired 15 . video output vertical resolution; generating a pixel
counter by counting cycles of said pixel clock; generating an output

hori zontal sync frequency fromsaid pi xéP counter; generating a |ine
counter by counting cycles in said output horizontal sync frequency; 20
generating said output vertical sync frequency fromsaid |line counter;

restarting sai dzpi XeTh@QFEEﬂtu%Pﬂaﬁﬁbg, Whhn 6aunhgat v@deasneai d desired
vi deo out put hori zont al solution; and restarting said |ine counter when

sai d |ine gaynbesy 1QRGE8SINeaIHY EAgitida nwhdre odpuies of arftdecalnnirgol uti on.
252 00CT 2001¥ 52 43. The apparatus of claim42, wherein a user provides

sai d desi r getillatod eecaiingietveth 2@btaaljadeas dipiitivertiab dysapdisdesf sa@d vi deo

out put vertical resolution, and wherein said desired video out put

hor i zont al pheabityutf iapuanertial syndedbes wherdesaslifrpetunvengioseillataduisat i on
have pixels required for blanking. 5 44. The apparatus of claim42, wherein
sai d gener fienengaegba do paid nomwinad dragiengy of sdiddipgefregquensipgergaaiorasserti ng
a horizontal sync pul se when said pixel counter is equivalent to a user
programmabl e hori zontal sync start nunber; and

38.  The apparatus of claim 35, wherein said reference frequency is
generated by dividing said first adjustable output of said first frequency
generator by a second divider value, wherein said second divider valueis a

10 positive integer number.

39.  The apparatus of claim 38, wherein said generating said first
divider value from said continuous input video signal comprises:
obtaining a desired video output vertical resolution;
15 obtaining a desired video output horizontal resolution; and
generating an intermediate value by dividing a product of said input
vertical sync frequency, said desired video output horizéntzil resolution, said
desired video output vertical resolution, and said second divider value, by said
nominal frequency, said intermediate value having an integer portion and a
20  fractional portion;
setting said first divider value to said integer portion of said intermediate

value.



10 resetting said horizontal sync pul se when said pixel '
equi valent to a user programmabl e horizontal sync end nmeﬁﬁ@@ The

apparatus of claim42, wherein said generating said output vertical sync
frequency conprises: 15 asserting a vertical sync pul se when said |ine
counter is equivalent to a wuser programmable vertical sync start nunber;
and resetting said vertical sync pul se when said |ine counter is equival ent
to a user progranmmable vertical sync endlnunber, wherein said start nunber
and said end nunber may be adjusted to cause a phase shift between said
i nput 20 vertical sync pul se and said output vertical pulse. 46. The
appar atus of cl aif 42 Thehipaiatus aif dlaiRdass wiHkeia@arT &cond fﬁ@j&nc{éi rst
di vider value is a systemconprising: a processing unit; and 25 a nenory
device. 2 (@efbrat@ @sHd efor daabpaniate aafecohdiadjubablaoatginwithid means
for generating said output vertical sync frequency is a system conprising:
a processi ngoonngl frequincy egeabtyzeteysaid seCordBadjnstabppautpu benfy wlidipimel2,
wherein said first frequency generator is a voltage controlled crystal
osci |l | ator. Chlgkﬁfélugpﬁbrmlgfgeﬁe@iﬁmmid pheet dionk dueiquesecormuptisieguency 10
generator is a voltage controlled oscillator. 2 0 OCT 2 003 54

5 generating said error signal by comparing said reference frequency with

an intermediate frequency generated by dividing said pixel clock frequency by

said first divider value.

41.  The apparatus of claim 40, wherein said error signal is further

10 filtered before being passed to said second frequency generator.

2. The apparatus of claim 35, wherein said generating said output
vertical sync frequency comprises:
obtaining a desired video output horizontal resolution and a desired
15 video output vertical resolution;
generating a pixel counter by counting cycles of said pixel clock;
generating an output horizontal sync frequency frogrl said pixel counter;
generating a line counter by counting cycles in said output horizontal sync
frequency;
20 generating said output vertical sync frequency from said line counter;
restarting said pixel counter when said pixel counter reaches said desired
video output horizontal resolution; and
restarting said line counter when said line counter reaches said desired
video output vertical resolution.

25



50. An apparatus for vertically |ocking input and output si@@l®&T )
conprising: a continuous input video signal having an input verti ca% %ync
frequency; a mcro-controller for generating a first divider value from
said 5 continuous input video signal, said first divider value being a
positive integer nunber; a voltage controlled crystal oscillator for
generating a reference frequency, said yvoltage controlled oscillator
having a first adjustable output with noni nal frequency greater than
zero, wherein said reference frequency is 10 adjustable by adjusting said
first adjustable output of said voltage controlled <crystal oscillator

about sai d nom . frBEgusnEratisiofgldam 42)jwistraiend usirgalides spidedesitedicked

| oop for generating a pixel clock frequency, said phase |ocked | oop

gener at i ng ddeepugpushayiantdyesdotaniong sard degreabeddetcadporvericdl ref erence
frequency with an internedi ate frequency generated by dividing said 1

pi xel cl ockretolatioanayd mheseingaid desiredl vidgeowpr otz takieselusiondgngt

signal as input to a voltage controlled oscillator to nerate said pixel
cl ock frequigseipd vigee griRmteterigh rgenafianhaye ﬁ’ﬁ‘ei“u’f%‘ﬂre\?‘ggf g%’é\ REnc
frequency fromsaid pixel clock frequency; and neans for generating said
adj ust nment si gnal fromsaid input vertical sync 20 frequency and said

out put verti cal nc fr equenc r.ei p, Sal d_adj ust . Si i 5..used for
adj usting said réfere eegff?aéaﬁ&n‘g&?ﬂm % ‘gheerg}(éal@ ggﬁ%pgfiﬁgég{%é?@én said
i nput vertical_ s fr i.d. out put vertical sync frequency.
ABSTRACT @%&ﬁfﬁ%&\sﬁ%ﬁ%@?@%@@ﬁ% CALLY LOCKI NG
asserting a horizontal sync pulse when said pixel counter is equivalent to a
user programmable horizontal sync start number; and

10 resetting said horizontal sync pulse when said pixel counter is equivalent

to a user programmable horizontal sync end number.

45.  The apparatus of claim 42, wherein said generating said output
vertical sync frequency comprises: '
15 asserting a vertical sync pulse when said line counter is equivalent to a
user programmable vertical sync start number; and
resetting said vertical sync pulse when said line couiiteris 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

20  vertical sync pulse and said output vertical pulse.

46.  The apparatus of claim 42, wherein said means for generaiing said
first divider value is a system comprising:
a processing unit; and

25 a memory device.



| NPUT AND QUTPUT VI DEO SI GNALS This invention describes a 2gtBofl znd
apparatus for vertically locking 1input and output video frame rates. The
out put vertical sync pulse is locked in phase with the input vertical sync
pul se, regardless of the input format and frequency. The out put

resolution, horizontal refresh rate, and delay are all user selectable.
Two Phase Locked Loops are connected in series to achieve vertical |ock
bet ween the input and output franes. Loc%%ng the vertical sync pul ses

bet ween the input and output franmes will~ elimnate m xing of pixels from
different input frames in one output frame. The first Phase Locked Loop
generates the output pixel clock required to satisfy the user's display
preferences but4fray hot apperitsediclriopddseherdimeaidesipamdfos gepatatisipeaid cl ock
required for frame |ocking because current Phase Locked Loops use integer
di vi ders. Aoulped yeetiqah geec Igguerylis gpyatiny semprisn®ut put, which is the
reference frequency to the first Phase Locked Loop, until a lock is

achi eved. A free? PIRfSPHYS6®eE PRdt or  measures the frequency of the incom ng
video and sends its outpyt to a mcro- controller that conputes the divider
required in the ?FW%?Oﬁﬁ S¥€e ocked Loop based on user sel ected out put
resol ution. The user may al so adjust the delay between the vertical input
and output video frames. ( figure 8)

48  The apparatus of claim 42, wherein said first frequency generator is

a voltage controlled crystal oscillator.

49  The apparatus of claim 42, wherein said second frequency

10 generator is a voltage controlled oscillator.
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50.  Anapparatus for vertically locking input and output signals
comprising:

a continuous input video signal having an input vertical sync frequency;

a micro-controller for generating a first divider value from said
continuous input video signal, said first divider value being a positive integer
number;

a voltage controlled crystal oscillator for generating a reference
frequency, said voltage controlled oscillator having a first adjustable output with
a nominal frequency greater than zero, wherein said reference frequency is
adjustable by adjusting said first adjustable output of said voltage controlled
crystal oscillator about said nominal frequency using an adjustment signal;

a phase locked loop for generating a pixel clock frequency, said phase
locked loop generating an error signal by comparing in a phase detector said

reference frequency with an intermediate frequéhcy generated by dividing said

pixel clock frequency by said first divider value and using said error signal as
input to a voltage controlled oscillator to generate said pixel clock frequency;

a computer for generating an output vertical sync fre;qu(—ency from said
pixel clock frequency; and

means for generating said adjustment signal from said input vertical sync
frequency and said output vertical sync frequency, wherein said adjustment
signal is used for adjusting said reference frequency until a lock is obtained
between said input vertical sync frequency and said output vertical sync

frequency.





