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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.



such as video cameras 102, VCRs 104, DVDs 106, TV video, audio/ vide@lT 7073
systenms, and conputers 110, 112, and 114 to be selected and viewed on a
presentation display 120 one at a tinme. For exanple, when trying to display
5 fromtw conputer inputs 110 and 114 havi ng separate presentations, a
graphics swtcher 100 can physically copanect both of the conputers to the
di spl ay device and allow input selection fromthe two conputers for

di splay on the display device 120. O her exanples of graphics swtcher use
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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.



2 O OCT 2003 3 A TV signal has a set nunber of horizontal lines.glm QAL 2003

and SECAM its 625; in NTSC, it's 525. However, not all of these lines are

visible. In fact, only 576 lines in PAL and SECAM and 483 |lines in NTSC

are seen by the TV viewer; the renmainder are called blanking |ines, which

contain no picture information 5 and areghi dden at the top and bottom of

the screen. By contrast, the nunber of horizontal |ines on a conputer
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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.



25 chrom nance (color) fromthe |um nance and sync information.7 @Her onn3
variations of PAL and NTSC i nclude RGB at 15 kHz, conponent videéo and D1
(digital) video. 2 0 OCT 2003 4 Wile all of these formats differ in the
way the video information is conbined into a signal, they still have
certain things in coomon. They are all 4nterlaced, they have either 576
(PAL and SECAM) or 483 (NTSC) visible lines, and they have an establi shed,
unvarying refresh rate. For PAL, two interlaced 5 fields, naking up a
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variety of analog and digital inputs and outputs, nunBrous types’ an
“I'ines” of dspidyclesolitivmee Theanisdeve]ePgdvidedange of refresh rates, most falling
10 between 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.



exanple, there are audio/video (A/V) switchers; VG, Mc and RC?}
systemswitchers; and matrix switchers. In addition, the nunerods S|gna1 25
characteristics associated with switching m xtures of inputs to outputs has
led to nunber of switch options and accessories. 2 0 OCT 2003 5 For
instance, a line of AV switchers may ackept NTSC/ PAL/ SECAM conposite and
S-video type video sources, as well as two channels of stereo audio from
anongst six selectable inputs. Each nodel in the line is then
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For exarrple I nput canmer 102 can be route to out pu ‘(e.g.

previ ew nosndtber kidel hayoptdie ﬁ?or@@n?ut ﬂé)@gﬂﬁg‘ I?Qééeﬁhn%%%)ch VGARKY #2

(e.g. PC conputer 110) can be routed to output program 20 nonitor
122) and #Macerideo siggalsal di splay 120); and so on - in any combination.

10 A more complex switcher type, 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,



Thus, a matrix graphics switcher may allow for the sw tching of i
inputs and outputs in nost video and RGB formats. Matri x svx,it(:‘zh@lrjdﬁ[lir Pf"@m
commonly used in applications such as presentations, data display, and
entertai nment. These applications require nultiple input sources
(conputers, caneras, DVD 25 players, et ) to be swtched to nore than one
out put destination (nonitor, projector, videoconferencing CODEC). Addition
of an auto-switching accessory allows such switchers to automatically
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hor i zolft al devieasdbecandd digithydisplaychivices produce images on a fixed matrix and in
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.
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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 resolutlon or horizontal and vertical frequency refresh rate. For
mstance it requires a good deal of signal processing to scan convert or “scale” a
15 KHz NTSC standard TV video input (e.g. 640 x 480) for output as 1024 x 768
lines of resolution for a computer monitor or large screen projector because the

25  input resolution must be enhanced or added to in order to provide the increased
capability or output resolution of the monitor or projector. Because enhancing
or adding pixels to the output involves reading out more frames of video than

what is being read in, many scan converters use a frame buffer or frame
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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.
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converted to one frequency before being sent to the nce the
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di splay always 10 sees the sane resolution and has thé sanme constant sync.

Thus, becapsecesber isdicimy dye GotlingEarity dse 0ew ihpEEHRES Yhe displigesiwigls have to -
reacquire the signal and
10  sees the same resolution and has the same constant sync. Thus, 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.
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transition effect to use when the physical switch is 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
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10 oneimage (e.g. a portion of the “before” image) and 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



second input franme. If there is notion in the input inages, elenerdt§ @thg
two input franes will be different and therefore, the output franme wll

di splay part of 10 one image (e.g. a portion of the "before" inmage) and

part of a later inmage (e.g. a portion of the "after” inmage). Mreover, at
the border between the two inages, a "tgar" wll appear in the output.
Figure 3 illustrates a digital display output inage having a "tear"
according to an enbodi nent of the present invention. Thus, for i nst ance,
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not | ocked in synchronization. Descr i bing what creates the output tear in
anot hel0 waframiedofarseatigacthat the write 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
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to wite over. The new and old input frane information will then be

put | Ce. o CERBLr e i A OB bR B g e DB EI e GRS 1 he
d i nt t t th .and i t
Frames. 15 LRt A 0B FacE A SRR PR BFuBaRhoBRR A5 Vor i ca

refresh |/ BbESOAG Bidhy SHASRL S HECE HEAb IR SRmAF 0P STR: LA pliRol O e

When they cross, as the input 1s berng nory, the

uo_pol Nt e5 dapitien at FRAREMOBELLAN oheplOSEHCANG S KG5YE ade Ririgk e out put

frame is displayed ha I nput frane 1 nformation *and new I nput frane

i nfornagi Oﬂxptﬁﬁ}eﬂi&a@s%ﬁ@tlntﬂéﬁﬁi}@ﬁﬁe BapAH aRd iﬁ]?utt‘b’&ﬁeb'lt c ilsea@avdevi ces is

a bigger problemin Europe whére 11- "c output frame vértical frequency
rate i s usddfdrynieqihaiedwhkh tiéretib@oilogthes@y ndenvigehiedabebiteguensi es are
usually 50 Hz. hence, because there is delta between the two verti cal
refresh ratsillacope, thHere Bur eieare mS8ESndepleaathicmnmcqadsencount er the tear
up to 10 tines a second. 25 Figure 4 is a waveform di agram of the input and
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to depict dia/ie resul t tWh n1 t he S_out put 2 0 OCT 2103 13 vertical sync pulse is
not | ocke th&i‘m cal sync pulse. Referring to
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.



Figure 4, the top trace shows the vertical sync of the input sigrfafy BOR.2019
The bottomtrace shows the vertical sync of the output signal 404. The
sync pul ses are depicted at points 406 for the output vertical sync and at
point 408 for the 5 input vertical sync. In reality, the output and input
vertical sync pul ses have different freguencies when there is no |ock
hence, when viewed together on an oscilloscope, there is a relative notion
bet ween the sync pulses. 2.6 Attenpted Solutions 10 One option for solving
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lfb the timing of the images is mixed up and any linear motion, such 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.



Anot her attenpt at solving the SGS output tear is to add fran? ?gryrgto
sort of double buffer the input franes so that there are two AE@* fE

buf fers contai ni ng consecutive input inages. Then, whenever the verti cal
poi nters cross, the output franme having two input inages can be renoved or
5 replaced wwth the next single inmage frigne. So, at any given instant one
of the two buffers has only information fromone input frane. Then, when
the pointers cross, whichever buffer has information fron1just one i nput
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descritied frameldelapsibpdelayd@e. to 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
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processing can be performed to sonehow "snooth over"” the output franme
having two input imges. However, even with a delay, the output frame with
a tear still exists and a frame or framgg5 portion nust still be dropped or
.added. Thus, when the output frame or a portion thereof is renoved or
replaced, the timng of the images is mxed up and any linear notion, wll
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is one where the read and the wite pointers in nenory do not cross, and
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It -is also desirable to provide a systemwherein the output and input
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{F 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.



25 pointer in nmemory can be adjusted as conpared to the pos?t) 8ATol1Bhe
input vertical franme wite pointer. For instance, a desirable SGS woul d
allow the output read pointer to be placed at any point in reference to
the input vertical 2 0 O, T 16 pointer, so that for instance, frane rate
delay could be adjusted (e.g. to say, hghbf a frame). Thus, frame rate
delay for an SGS could be set at, adjusted to, or programmed to change to
one or nore constant, predictable values as desired. Such a SGS is al so
desirabl e because haV|ng the_video delay |ocked at a 5 specific value
provi des a predictable and cBHMARY t BNVEDHdEONni zi ng the audio to
the video. Thus, such an SGS al |l ows for exact predlctable and nore
preci se video to audi o synchroni zati on. FurthernDre is desirable to
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with the del ayed video. Such a SGS is al so desirabl e because the video
del ay 10  arenot 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



can be mnimzed, thus allowing the audio offset to be m ninmal qy-ﬂf 3
necessary allowing for a mninmal required delay in audio fo %u |oﬁggdeo
out put synchronization. 2 0 OC T 2003 17 SUMWARY OF THE | NVENTI ON Thi s
i nvention describes a nmethod and apparatus for vertically |ocking input
and output video franme rates. In one or igore enbodi ments of the present 5
i nvention, the output vertical sync is | ocked in phase with the input
vertical sync, regardless of the input fornmat and frequency. The out put

resol ution, -hari,zont a refresh rate, and del ay, are use el ectabj e

Al 1 ovi ng ¢ hEScled OB PrefPieREsy Thcoterdngy abordinsithe §e%aflmtwge%{1% he
user's desjred preferences. Vertically locki t he i nput and output frane
rates ass ul?’%%lc?ﬁleﬂpugi %uS?PgPﬁCEﬁOT &%’F‘éﬁ#‘ﬁ%@g‘%@ Pé’%’ét @6‘1%5 5eﬁ?f9h§)r'
superinposed on one output franme. In one enbodi nent, two Phase Locked Loops
are, connected in series. The first Phase Locked Loop generates the out put
pi xel clock required to satisfy the wuser's display preferences. The first
Phase Locked Loop may not precisely generate the desired output pixel
clock required for frame | ocking because 15 current Phase Locked Loops
require integer divider values and the desired divider value nmay conpute
to a non-integer nunber. Therefore, the non- integer or fractional part in
di vider value is lost. However, a second Phase Locked Loop is used to
conpensate for the loss of the fractional part in divider value. The
second Phase Locked Loop uses a Voltage Controlled Crystal 20 Oscillator or
an equi valent device with finite adjustnent capability to generate the

reference frequency for the first Phase Locked Loop. Hence, in one or nore
enbodi nents, the reference frequency is finitely adjustable until a lock is



achieved. In one or _nore enbodi ments, an output timng generato?{p@@érgg
the 25 horizontal and vertical sync pul ses. The output vertical sync pulse
is phase locked with the input vertical sync pulse. A free running
oscillator nmeasures the frequency of the incomng video and sends its
output to a mcro-controller that conpypes the divider required in the
first Phase Locked Loop based on user 2 0 OC T 2003 18 sel ected out put
preferences. The user may al so adjust the delay between the vertical input
and out put video frames rouah, the outp i M na erator. 2 O0OC T
2003 19 BRI EF DESCRI PTI F—FHE~DRAVRNC P oo e ™ ¥t rates a typical
graphi cs environnent showi ng various pieces of digital display technol ogy
connected by a graphics switcher, according to an 5 enbodi nent of the

(O ti [ LLI di gj-t al_di.spl devi . how
Phe:pixel matri s SR PP RSt P Ay o BB ke RERES of

the presentyfi k I I I, 04 i put
| mage. havi b auphey {echbBig e oRnct ety FhE Ao b Bl MR B
i nvent i ®n. efibddi@edt bt kbRl edribh! ustration of the input and out put
vertical sync pulse results when the output vertical sync pulse is not
| ocked with the input 15 vertical sync pulse. Figure 5is an illustration
of the input and output vertical sync pulse results when the output
vertical sync phigeeRdllistcites aidigipdatisplay idevideghbnpng thepixel salrisyoc pul se,
according to an enbodi nent of the present invention.

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.



20 Figure 6 is a block diagramof a typical phase |ocked | oop. fig@F? é I.S
a bl ock diagramof two Phase Lock Loops attached in series, in Acdbr dafide
wi th an enbodi nent of the present invention. 25 Figure 8 is a bl ock di agram
of an enbodi ment of the present invention wused to |ock the input and

out put vertical sync rates. 2 0 OCT 2003()20 Figure 9 is a flow diagram
showi ng hori zontal sync pul se generation in accordance with an enbodi nent
of the present invention. Figure 10 is a flow diagram of generation of the

out put verti cal ggul S€; igl o ;accordance. vviﬁh.an e]gsbodi r{ﬁnt of the .
invention. Fi guF&UrT i 2498 Gl ar Ly IR kine M H AR YO R S BRYy Fhmmabl e
output 't BERGdORARL AN LRbolilfef00 AR BleiRFaRile showing the |ogic

gates of the generato I'n accordance an enbod ment of the invention.
10 Figure 12 is a logic diagramof the output timng generator for the
hori zontal sync pul se showi ng the |ogic gates of the generator programred

for a 1024 by Fffirki108s a H3 dREr8RG AR GHOPHe outPuPFERIHPPERe Wit N an

enbodi ment of the invention. 15 Figure 13 is a |ogic diagramshow ng the
referenge deadrdence wethtdrcaéhbplatent sfeheeheénti@dnd the error correction

charge punp, in accordance with an enbodiment of the invention. 2 0 0 CT
2003
Figure 11 is a logic diagram of a micro-controller programmable output
timing generator for the horizontal sync pulse showing the logic gates of the
generator, in accordance with an 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,



21 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The i nvention corrpgi@%i]agﬁﬁt hod
and apparatus for vertically locking input and output signal r'o
differing video sources. In the following 5 description, numerous specific
details are set forth to provide a nore thorough description of

enbodi ments of the invention. It will bejapparent, however, to one skilled
inthe art, that the invention may be practiced w thout these specific
details. In other instances, well known features have not been described in
detail so as not to W@M@MW enbodi nent s
of the present inventi‘eH E i bed herein
provide the capability to lock the input and output video frane rates
(i.e. frequency) at a user specified output resolution. In a typical
application, videos fromnultiple sources arrive with differing frane

rates and resol Uh¢ onentithewenprigasta mietlesl and apparaimefaoairbidaliplodhingh t he
out put 15 video requirenment and are subsequently output at high rates to a
di spl ay delfiped andiaputsignalsifsomgtiffering gidensourees| Intthe follewing abl e to
remai n constant,. at user preset _val ues, while t&f?fg i nput video sources vary
both i r eSEIHRISR, BHINAIPHS pReciinelpalpase setiferhoePogiden arargitheraugd i nput

id i I desi . Juti i ncl ©ovid ling, |i
Houbl er s Gt af srabedindts of S5 nsenbe’ IruiiPe satmt ROWBIE: de a1 in
t he back - r t desiyed out pyt . | uti f i

my ocour GHONOUETHEHR art o BRLBTvehRoh 57 BF et el bublSd ipEipectl *' "o
gxarrpl €, ad&%ﬂ?fﬁlb&ep?x@%%%e%} 11&&%%«8{‘%%@% habE n%g bgg&agscrﬁ)ee(aai S(fe[téli?e
input video data Is witten into nenory before Sscaling occurs. Tf e

writing ang, 5£a38¢ ROLINLL 8lSindkitHQ! synchroni zed, sone 25 sections of the

di splay screen may have data froma different input frane from other

sectiorbs of theI di sepl a%/n screen. . The ob}&ct of the present inventionis to
1 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



synchroni ze the input and output frane rates so that the pictar@Casdsi ated
with 2 0 OCT 2003 22 an entire input frame can be read and di splayed at the
output, and at the desired output resolution. Typically, a Phase Locked
Loop (PLL) is used to achieve synchronization. A PLL is a closed |oop

f eedback system where the frequency of ene signal (the 5 sync pulses from
the output of a frequency generator) is controlled by varying the input to
a variable frequency generator so that it is |ocked in phase with the sync

pul ses froma reference source. This |s. acconplished by conparing the
phase of 2R S HFepall SRt £aR B¢ r%wﬁxﬁpfwedr?é the QuEP s alﬁfliléf&ﬁfgﬁﬂreéf a
Vol t age Con%pr |l ed Oscillator (VCO (where the VCOis the variable
frequency 9B é’gﬁﬁ PBPY- in order to generate a phase error signal. The
error signal is conditioned and used to adjust the VCO until the frequency
of the VCO mat cligpicalipien Phasgpuankyd dfoopHBLEEsarsedde aokivk IsghdironfzatoR. can be
swept over the frequency range of interest by a control voltage. The

out put of BHENE® tlosedboaputesdbads syshemPriereybe requehix bf ose sigadl d@be 15 t he
clock for different applications. In a PLL, the VCO output is fed back

t hrougl? a prisgralaeaBprm heowput gha frasmsare generaton iy emntreliacbby variiagcy in a

Phase Detector. The reference frequency is usually passed throug
reference THVPHEORY aﬁ?é%é%‘ﬁw‘er‘&ﬁ;ﬂepéﬁt?%a‘afh@s#‘é‘ﬁ‘@lde‘ﬁd@W% Vﬁgﬂjgl‘q y a

crystal oscill ator VCXO,(Vol tage Controlled Crystal, Gscillator), but
o be TuT ISt gt B PR apameL | MS aBreiSelipheb by CPmpSREREs an

error volt t hat ers the VCO ,to | the V ut put to.t ame
frequency Igg%teh(gaarre %rr%gﬁ% 8 t& ue Et%'lotl ‘gﬁgﬁﬂ? 8 Eﬁsgi%%?aiﬁ}%gfﬁ p §/ﬁﬁfzoaﬁagﬁhas e
locked |l o i iS A r.ef er e oscillator,
ocke, 908onEBRcA kg 1o Rk ROt Bl bl LSS
10  generator) in order to generate a phase error signal. The error signal is
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



through a frequency divider at block 602 to generate the degiged T(i2083
reference) 25 sync rate (i.e. frequency). The Phase Detector, block 604,
conpares output of the Reference Divider block, 602, with out put of PLL
Di vider block 610 to generate the phase error between the two signals.

Qut put of block 610 is the generated 2 930 C T 2003 23 frequency fromthe
Vol tage Controlled Gscillator (VCO bl ocﬁ 608 divided by a PLL divider

val ue. For Ioop stability, the phase error is filtered in block 606 before

bei ng used_ t %g({y t the VCO Wen the | oop stabilizes, the output of
bl ock 610 freqv Orrhtfﬁh\éeléagq CantrpHed Osculager Mbblﬂ*ﬁ@%éﬁ‘é@dﬁm t he

ref erence ut, of at al t he V tes at a
f requency gﬁﬂtfﬁ ’éileré’ﬁf)“err;%ﬁl ?%étaﬁ#&ﬁeﬁpetiﬁﬁ?ete r?lg P@‘Pg anpl e,
assum ng ay, st al, reference
fr equency o‘%% ngl L?‘?e f‘isstif‘? B(&lf) %g]i)%‘hl_%eea]ﬂ’oﬁ WSI Fh‘?j?’iﬁpdg he
crystal A% 6 5 0
out put of Sfﬁ%ggénp e?gﬁéyggei\ﬁfz l'ﬁz?eﬁﬁr(@ Béaéle éfréré\tnl@cgwgh tksﬁeel{ef%fe%{%w to
di vi de 51460 fReyk §®. 25 KHz. Thus when the loop is |ocked, the
reference VCO signal's presented to the phase detector are both 25 KHz.
Not e t hat becau e of C rrent h%% constraints, the PLL divider is an
i nteger nunber f‘be REpise QIOH?&EWF’@&)& freggrensianerrder of woul d be
apparent to thgs f. ord r th this invention c practl ced
W Eh any PresdedisbeheRaie iietnstr Sbr eSeRPlR STRIE HAEHEES. |1 oquency
to a refer e _final nent i.n the PL stheloop
1 er . Tritodfed yBduE 845 IGE ol Ay SRTRREN r g SFel BhARTA IR
generate A r i ng on
generate BcasPthe FUERincl 0 @ggeggﬂtdlﬁ otRL Dfstdl rBRERL YPYES @W{Q%ﬁ%ﬁ%
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



the Mtorola MC145170 PD output is a logic level signal v§{Hhjppsiigve or
negati ve goi ng pul ses (depending on how the chip is prograrmed). If this
wavef orm were applied directly to the VCO a broad, frequency nodul ated
signal would result. The loop filter integrates (or averages) the PD out put
to 25 produce a snooth error voltage. gjlﬂe phase detector may be integrated
into the PLL chip along with programmable reference and main dividers and
digital control circuitry. There 2 a O C 7 2003 24 are several possible
enbodi nents of phase detector circuits. Mdst nodern PLL chips use a charge
punp ci r cupte sevpeal pesgible enbedisnemiscd phpsmpetestas cirggits. Masbmodainddd-
waveform which is ntegrated_to_ produce the VCO control signal. The |oop
filter int€EyPatiesachargsrwes Guput! Ter@Hpihe! Brabargrperrds atlegisdeice a 5

hed "DC' \YCO | | ; . i h I i h
FrPLNed, DXL O0 EATEL oL 30 R LIRS ROTROB e Bdle
i . t di i th ientl
o5 HATHRG SO RO BB ST Yo
L0 RS L BN LR 08 B PRUFNG LD moroer

preci si on. gkbBEsdiOfMe PrEGeSic?haiBY Create problens that prevent the output
of the VCOlf ro?n tr uei y ??gﬁflong a\?\inﬁt h the reference input thereby creating
undesi rabl e vi deo effect len swi t chj.ng between different _video sources.
To understand tHé H3ysp g&éﬂéﬁﬁﬂﬁélﬁl@ﬁﬁ? A Integrayimben Jay thaki i on.
Supposi ng there.i SéﬁedeSi re to project. a tycgli cal jonal Tel evision

NTSC ( Nat
St andar ds SSAHTE R d]e SUaRRETS rTaIcOPRERieRly jchgse, o B (&.”2 FEOHENRZ®

Hori zontal pen 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:




i nput frequency and 59.94 Hertz Vertical input frequency 2qt§@ﬂcqhg %ed the
horizontal and vertical sync rates), on a 1024 by 768 resélution display
screen. 20 Were 1024 is the output horizontal resolution, and 768 is the
out put vertical resolution. Resolutions are specified in pixel counts and
are usually refer to active display regson. Therefore, 1024 by 768
conprise 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 conpute t ired clock rat ut frequency of the
VCO). Wien the phase{}g?&giJ "Bt ween the rgfgr’ Q?ﬂ:tgugh’gewg X/Co out put  is
zero, the foll om{nf%renqC aBl 0 M appl ies: 2 00 'CPLI‘L”HUS“ 257VCXO Freq VCO

Qut put Frequency &FIEnceLVIder - oo ivider
I R Reference Divider PLL Divider 5 The

desi reds VCO out put, that is the frequency required to lock the input and
output frane rates, is the frequency required to read the entire out put

G ven by: 10 R T R T S S D
Res) Subst éﬁ&'bhﬁ%@ﬂﬂn@%f@snﬂ the Trehﬁ@n e;Hec@;llii/écﬂﬁJ re4al tHe ehﬁ?é‘bﬁﬁadt ikdle
following equation: 15 (Vert |nput' Fr tput Vert Res Hor Res)

PLL DI VI DERs v ot e
frequency oftazl(%\fggga %\gggéHIgét(a gﬁﬁh?ﬁ@a% TH&FG}OI%UW@E)MPMS%IW

10 VCO Output = (Vert Input Freq)(Output Vert Res)(Output Hor Res)
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



20 reference divider of 1024 results in a value of 2462. 582 f{q;?tzhm PLL
Divider, which 1is a non-integer nunbei. As previously di scussed

Divider values are currently limted to integer values due to hardvvare
limtations. Thus, the fractional part (i.e..562) nust be di scarded
resulting in a PLL Divider value of 2462. Back-calculating for the desired
VCXO nom nal frequency required to 25 provide a lock results in

27,006, 167.51 Hertz. Note that one can certainly manipulate the nunbers to
provi de a non- fractl onal PLL divider. However there are phyS|1ﬁaI

const r ai nt2etHerB, esrlf@a&mtleal svRe PrisedObred the inprevertisal syns
ositive inte even 1 Ref.erri ure. 4 uetothe
Dbl 11ty DegaSs B Pyt ehare e Fott ToiacR of pPARS Ath BE8rE  her e 1 s

arelative mot i on |); OCT 2"M 3 26 between the output vertical sync pul se
406 and t h&' n%%FCl\% rtical sync pul se 408 because their frequencies are
not | ocked. To | ock in phase, both frequencies nust be equal. In general,

t he reference dinvgareralathe xafere&a@(@ufxdeqaueqhdye ¥EXQ Slequendy Bressedéctedat t he
out put reference frequency ( i.e. VCXO freq /_Reference divider) is _ _as |ow
a freqencsuchsthab eiiput seferanse fraquescy &m VErXQdrehd Redenenes Arvidar)jis t t er .
The out put r ef er Ef ce frequency c % be t o I ow beca se as the frequency
decr eases i@ WPCﬁé%EO%IWPS e L H‘P Wﬁ’é‘i‘i’%“&i‘ W EREh
causes nd less stability, K Al so t he h| nd t he out put
ot or ence e Prbifianfyenes Frateia st pp éa%&%@egwﬁ SPE B Fat tan be
made by the PLL c e it .can e freque |nte er
nanber s, | Tieeea g PHE mitdgap qwgﬁ?ﬂfi;ﬁgﬁ%%ler PR REPUSEE T ey pe
frequency r [ fmﬁ li g nt to the
VCXO to ma %Pé ttgﬁgﬁ%mf%er erlll\j\égfl ‘%ﬁrrenk ;go Cﬁ%{‘/} ﬁﬁé% BH‘S? to the 500
to 100@ ppﬂ"ﬂecﬁ@&ﬂﬁr i6 PR EaRdt frequency step or change that can be made by the PLL

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.



15 mllion). Those of ordinary skill will recognize that Eyh@ (present
invention is not limted to use of VCXOs with this frequéncy range. Any
VCXO wi th adjustable frequency nmay be used in practice. The desire to
switch between nmultiple video sources, formats, and to display a w de
vari ety of user-selectable resolutions, 2hakes it inpossible to 20 choose a
fi xed nunber for the reference frequency. The problemis that the nunber
of pixel data that nust be read between each vertical sync pulse is given

by the verti cal ?h%?g\tutd%lrjct%ﬂgﬁ%%l tn' tﬁllleicggeu?rylg%ég Eg‘?ll utcif}/e%r(fh f?laelnt ase

resol ution and ou ori ZORt al ' T6s0 I exanple c

above, th %y.gmg H wodPh 244018 B@ b SHAMSR EE@%{ Quihednfinequency
for the PL " ut p%o P?O%TG'I% t he %é _chsplfoa Sgié%gttl_s to erfgadswgﬁﬁiln t he
vertical SyReroyl FesurelowaMSbek HMoTaRLGIGFo PHAYd BScOBSEESRtddAed 48 ErieRY
specify different resolutions and al so because the input frequencies my

vary depengh &goedurieurith aarsmboditdnt dfith@peestht #0R3tidA. Theblovk 7e2,
consistent lock in the case where a user specifies different output

r esol uth onBLL1 vie tikhasginkbEk L landdstioak B)aPLaChsdhe add#idnebPRE fehown in
Figure 7. Figure 7 is a block diagramof two Phase Lock Loops attached in
seri es, i nacovunddategheiftdrtionakbpddi bienPLbDiviver prsedisctssedabove.ofhe The
bl ock 702, 5 PLL1, is the original PLL and block 704, PLL2, is the
addi t i onal clpsgst pepsibledainges arH®)fis nead tmdhe FhLtDiidenia the Pl kliogkr | as
di scussed above. The | osest  possi bl e integer nunber. (N). is _used for the
PLL Di vi defY4 {9 Sff’ﬂ?rﬁl‘f-l_’fgﬁlp CIC’F%Z(OPHN&JH‘&%YL H@‘lﬁhi‘é‘?‘i\sbdp&bﬂ‘e(‘bqﬁlﬁﬂk
frequency), which fee in t.he verti cal c generator, .block 706, to
Gener at o L BB AR S arpFR 276 S rrengtite it ou TR SRt P OB e
| ost fjacti.onal rt gf the. PLL Divider,,a nd ,Phase Lo bl ock
704 1 slhaasd ArolE e e b Eirat pRE o ELE AP ARt £ Ble 000

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.



reference frequency and synchroni ze the output vertical s%gﬁ 8@#56 wi th the
i nput vertical sync pulse (Vs-in). Mre detail ed descripti®ofs 4083
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 anpgi 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 pulse would
require over a mllion oscillator cycles. Therefore, using two Phase Lock
Loops 20 in series nmakes stabilization easier and nore precise. Finally, to
accommodat e varying i nput frequencies, a neans for neasuring the incom ng
vertical sYectifal&gemmayyildeadided. A bl ock di agram of an enbodi ment of the
present invention used to | ock the input and output vertical sync rates is

shown in Fi gureprer; g%&k%@%‘ﬁ%@ﬁﬁﬁm §10‘3i<§%%ﬂ% E@dtﬂf‘erﬁ@dﬁsﬁig rgfl_(g%ori gure

7, the conbination of °bl ocks rough I's equi val ent

Figure 7, aidrddde r%%_’)}@ Ph&gedab &W%K&;;ﬁ?@r@ﬂﬁ;tﬁ%@u&iﬁ QO] H%e‘%{%nE% PLLI
of Figure 7. 2 0 2003 28 Vertitcal Frequency Measure ferring back to

Figure B, feRl:iAfiingBOtilldi6r 80 UThy 86 Jf vemital Faddfuenich ledstkr@bRitkasouat e)
is measured to very accurate resolution using a high frequency 5 free

runni ng osi theaiuenb&0.colifgs pett yarticall Teit td, bidckFBidqoemeyhdeannng phlwesk 804
is the nunber of counts per vertical. That is, block 804 counts how many

pul ses of of the axdladtdndE 0@02 betveean tyet igmut tanticalynt pudsesi Eat esympleul ses.
For exanple, oscillator 804 having a frequency of 27,000,000 Hertz used on
an NTSC vepsgdildaior 884 hevingpufreghesy. G270 00M etz need on anNARCowrpeal nunber
of. counts of 450, 450 ) )
sync input of 59.94 Hertz will result in an output number of counts of 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.
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450, 450. 450, that 1is a non-integer value. Since only nunbers of oscillator
802 pul ses are counted, the fraction drops off, resulting in | ost
precision and further inability to | ock. Therefore, it may be advant ageous
to use a faster oscillator. It is also gesirable for the free running
oscillator 802 and the VCXO 818 nom nal frequency to be 15 the sane val ue
to help minimze the cal cul ations that the mcro-controller nust perform

M cro- Cont ol l ey Cal cul at.i n The, o ut. nunber o ounts fromblock 804 is
fed to thellit eRY. CovtasTisfh e‘é%fhnsﬁ BRI AR TSt Be R sagmegp

functi ons m.Cr o- co ol | .er el ec s a ref erence divider 820
and perforl?%tﬂecpfmi‘%lét CP@lﬁ %Lftlpblﬁél e8l%‘816%§u$ lqSIIfL Di vi der val ue that
feeds into block 826 of PLL bl ock 822. As di scussed earlier, the reference
di vi der 820 canlrbeneagiypbpdanenivef thetinyemtions|the mithecontrober $&umayl | er

conput ations are based on user selectable output horizontal 25 frequencies,
hor i zont al CHTeRHFEIR F@ﬁEOPTQﬁ@SSOéMﬁfﬂé@c*ﬂé@betM@mdaTﬁléds@ @J@@ pbthenay be

d th terf I trolled by
oo EontFerHiC o bo%prwbgor%éor?%%»%ﬁé’méé%gé Paantagtrech By Jatelissah sync
f b h th t d t put d
for the 1 rabe s T8 SoRont PamaSH B of PresioRy et rARCE ot S des
i - t 8 f act
VPR A R R e
m croproceé@(lq Egoq%%&%%}fﬂge%%%%tﬂ%dt he 8031, 8051, 80x86, or

Pentium fam processors n"ci oprocessor from Sun
M cr osystemsTI\/l Inc However, any other suitable m croprocessor or
m croconputer may be utili zed.

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.



10 Pixel O ock Generating Phase Locked Loop The pi xel clocgzgﬁﬁ?{ﬁéh g PLL,
bl ock 822, generates the pixel clock rate required to rea I esired
di splay data within the vertical sync period. For exanple, an NTSC video

i nput at 59.94 Hz vertical sync frequency on a 1344 by 806 display
requires a pixel clock rate of 64,930,8?6.16 Hertz. 15 The input to the

pi xel clock generating PLL is the output~of the reference divider block
820, which receives its input fromthe VCXO bl ock 818. The VCXO 818 starts
at a nom nal frequency, and is adjustable over certain range, usually

bet ween 500 to Tbe@ipdrdakyeprasehts tha réfepiywhich vider datatis teshfrohrogy. For
exanpl e, a 500 ppm adj ustnent range for a 27 Mz VCXO is equivalent to 20
13, 500 Hz ensorysioatiern. e pirebdoslogotpditis fhsl backithoowglode PLIORIpider of t he

reference iVi der, block 820, is conpared with output of the PLL divider;
bl ock 826P1qck d28dopha phasedeiecior blenlo?ad fop gompariseneyith dhe rrfessmsselidsr or

between the, twg.sjgnals., The, pixel. clock tput.is generated t he

Vol t age Coﬁ]tspcf\é\ﬁéﬂtog%g‘llqpélttﬁjﬂ nﬁ%@%%é@rﬂf@ﬁ‘ FREEN Y 0? filtered
phase g roh‘r.Fi I taﬁsrigg/ r%_y 25 be%fésed to stabilize the Phase Locked Loop,
as di scussBdraapial apd VEIical SENGPUlsEs 30 The pixel cl ock represents the rate

at which video data is read from nenory buffer. The pixel clock output is
- fed back through the PLL Divider block 826 to the phase detector bl ock 828
for conparison with the reference. It is also fed into the Qutput Timng

CGener at or , CRItBGKTE3the E:8kergdgiReration of the 5 horizontal and vertical sync
pul ses. Qut pu% I m ng Generator The out put horizontal and vertical sync

ul ses are co ed in the, Qutput, Tim Generator (OTG bl ock 830. The
%TG gener at es nP e QW%honzontalpand Verhcgagsync pulses are (comp)utecll i ﬁme

Output Timing Generator (OTG) block 830. The OTG generates the output
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



10 horizontal sync pulse (HS QUT) by decoding a "horizontal By L BLAns
nunber” and a "horizontal sync end nunber" off the pixel counter based on
the output format. The pixel clock clocks the pixel counter. The pi xel
counter resets to zero after counting to the required total nunber of

pi xel s per line of output. By decoding g fferent nunbers for the
"horizontal sync start nunber" 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 fl ow di agram show ng horizontal sync
pul se gene&%f@ﬁ“@elr?m& S Aeserid 4 Hiadk mrﬁ%ﬁ@%fcop%@usﬁa&@wk 910.
invention. {Figure 9 executes for . every cycle of the pixel clock. At

power - up, tI_rf&é%SY?ellf ti‘&ﬁﬁ‘%lrco 9%?-“@@8%%%%“%@ the, OBE?‘H@& SHYr§9%nt al sync
(Hsync_Qut r | @ discretes be re . TQ@J orizontal
sync st arth#tﬁﬁng%r %Efﬁé@%@%}tﬁ ?%B gllo inzz§1nlfa I5y§9ﬁﬂgwqﬁ%i?di ?llée_rEnd),
total nunbekre gl i | it unt £ or mory
buffer read %Pi }}g'li _F{ea(?z%{daélyltn?,%)u(lagr;(!'{(}serﬁdéT %gh%c{%%? &%3 a@rgo%essﬁxfﬁ E(Sel}m}ueeasgﬁ

(Pi xel _Reaghl&idi0armrixahifls ibhd 08ubl 6f AsGRO Gt L8hnd MG e ghiL

buffers. At entry into bl (ng 904 thg pi xelss;lgo_unt er ;érsl in r(gr‘rentae??’tﬁ%at

bl ock 906 H@ncgmebvincheras@érty@hu@xbsccﬁﬁuidfgla@fatrefs@t deexd1RoLAPBE &, Sync
start nunber, the output 2 O O OT 2003 31 horizontal "sync pulse is

asserted at bl .O%tbq conti.nues at blo However, if the

pi xel counter i$ no%gléagq’gfﬁg’%{e??%u?ﬁé PR R h‘g%%irﬁ?‘i’untrfﬁﬁber but is
ot i zont al "SmeTRIEEt QR Soedklf SR IRE, uffin BbOEbedr Roebbithe il o 5
then Feyne G TaToing Skl BRI HRE B b is e BRRSeT 0T
count o0 6Block 912. Atblock 912, the pixel counter is compared with the end count for

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.



At bl ock 910, the pixel counter is conpared with the start cpgngiforng3
menory buffer read operation, if equivalent, nenory read is enabl ed at

bl ock 920 and processing continues at block 914, otherw se, processing
continues at 10 block 912. At block 912, the pixel counter is conpared with
the end count for nenory buffer read opgration, if equivalent, nenory read
is disabled, at block 922 with processing continuing at block 914. The end
count for nenory buffer read should be equivalent to the start count for
menory buffer read plus the desired qutput horjzontal resolution (w thout
bl anki ng) KPddewer-ypythelingmosnter(Lige (esnderdrancchenutpyt gertisabisitnee out put
resolution,s 1024, . then the e count will be 1111 of.  the pixel counter.
Final |y, ad’ﬁfr&?e %hmay{h?ereﬁﬁ&gﬂﬂ%%fmcasmc St BATRRET (VB R E At VieHiGRL

out put horizontal resol utjon i ngl udi | anki ng)..and reset bl.ock 924 if
Chey " are SR ehEIlYSERs Bt ot B-Codba HLUAR peTirbatletidln < he
maxi num 20 { i I ol.utian. .Processi erm nates at bl ock
926. This g% |#}§M%ﬁgt‘é stthl%sm%g%ctc))}l#ggelf g}tog\e;%ltsfgrgnggfeés.of t he pi xel cl ock.
The output vertical sync pulse is generated in the same way, as the output
hori zontal syncApen&wy inés blackd@04 blos ne exandor i inareraentedeif abbhtckrl008 used
instead of a _pixel counter to generate the sync pulse. The |line counter is
cl ocked bytReidnecowniepialugds eguiaintdy the pertisal pprtrdremberoths owlpdtr eset

By e, L eyLted Lol Durber, of L Lies BES SuCpuL o B ey 10gks o
1 ne_count SN Tkl B RPE FOUERASTHor Gurytle i F ety SembBUEL APt ) ey
arber  (VeynoS BN RYEE A sBHERRA KA P e Bl et
10 vertical sync pulse is reset at block 1014 and 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.



Res) are witten by the mcro-controller into register bufferg %?fu%ﬁ§try
into block 1004 the line counter is increnented, if at block 100 t l'ine
counter value is equivalent to the vertical sync start nunber, the out put
vertical sync pulse is asserted at block 1012, processing continues at

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

bl ock 1014 and processing continues at block 1010. For exanple, if the

val ues of vSyncBSPB?pﬁgn%ﬁcﬂmh%@cEﬁaeé,thq prasensinyenton, thei Qi Tis¥egt ed
at line count of 3 ang reset at |ine count of 8. Finally, at block 1010,
the line cg’{]‘?ﬁf’@m? anbeperiesenied msielogisaishns shewyndnvigwies il andsk ut i on

i ncl udi bl ' d.. bl 1016 if th 15 i.val . Th
[ ne. count BP-Bndtita thE Jor-Bach pBd rar Tl ane Relsha pﬁé&gateﬁiq@séﬁé‘ﬁﬁ%f ’
| uti s i t L hat t bl k 1018.. Thi ti
ot ocess | 9t for Al TR TR T2 Pt TR S B B Rmpie Belol BT G
t ; ey . Yoo sianal
and the out puroSb R iRk Rl IRTIRAE 9 B IR PREIO Bethd T oo™
val ues fOr (e, GRISHABLE ot ﬂme,tme1p¢5d§g§§5;r§ﬂ&fth§b%&fE%%eeé}&ta%?\fifa. a

user inter Vi deo delay (or tine J ust ment ires selecting

any point ite hi@bettddbcddeaMoriexaliplbhde i885EMSeiRGI dtcodSd cbiiR oY
vertical sync pulse. In an enbodi nent, a separate “signal is generated off
the Iine chiorizentdSyntetrbaaknlics, thteweid heaibeph@tgpil cfehe) Brip-F3dfs to
al l ow novenent of the | ocking point without changing the output vertical
sync. Thi sarseppivalensidyivelblock 11 ewitnthefbingrerepresentativn oftheutixelv@iinitcal
sync, but may be skewed in phase. 2 C OC T 2003 33

10 1104. When all the bits are equivalent, output 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



In one or nore enbodi ments of the present invention, the CQu putg 'efli rgq@g
Cenerator can be represented using |logic gates as shown in ng |£s and
12 wusing. Both the horizontal and vertical sync pul ses may be generated
using the |logic described in Figures 11 and 12, however; in the exanple
bel ow, only the 5 horizontal sync pul se,is generated. In Figure 11 a set of
QFlip-Flop pairs 1102 (up to the nunb%# of bits in the pixel counter)

hol d the binary representation of the nunber to decode. For exanple, the
nunber bei ng decoded could be the Horizontal Sync start nunmber, or the end
nunber . Cufrpctienalcotrtpmr@nFfropa BleopsnparatioaqfithaPehdeivider vdluekwhichds wi t h
the binary representation of the pixel count 10 1104. Wen all the bits are
equi val ent sugeRthyimpien¢niedmpagdntegen ddvitler. anstbeteedierpixgmme thedfidws an
exanpl e of decoding the horizontal sync and reset pulses for a 1024 by 768
(i .e. 1344Di5idgnwagspungedofigorthe dateger yalne obRdekinsienl ofibguaawisedne bi nary

o oot o L NS e o SO e LR Bl B aEk 1200, Bcc poped

ot ot isheig i oo RSB,
(e P XL g6l i1 £EASL R S ASEIE Ll 158l HEL oDl Pheck 1207 |
reset 19 ool AR IPAOANLRU 1Rl 00ER OUHKBHLLBEy B Mck L gt zont

sync out out'put B) I's asserted. e sync’ pul'se 1S reset

(i.e. no Imgﬁm%gﬁ@ggyﬂwgmsegut put of the end of horizontal sync out
bl ock 1208 (output C) is asserted by setting the flip-flop. Vertical

Tracki ng-and Cagrection, 25 di scussed. earlier, errors y accu te from
measuring the 1ACSHEAGHG HrePlent a%%‘?ﬁ’@?%ﬁ’l% m?Plﬁlﬁét(bl?%u‘i‘ ENA t he

PLL D) ety obasikink MRke8Ho BA8eHRA8% 8268 808 N Sidhnl pBRS°
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
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D vider value, which is currently inplenented as an intege %i dépl3 | n
the earlier exanple, the PLL Divider was rounded off to the integer val ue
of 2462 instead of the required 2462.562 for a 27 Mz oscillator, sanpling
an NTSC 59.94 Hz vertical input, for a 3sdesired output display area of
1344 by 806 pixels. Al so, the nunber of counts per vertical neasured at

bl ock 804 was rounded off to the integer value because fractional parts
cannot be neasured. The result is fhe inapility to |ock the ingut and

Ut but ver PREGF DegeerpedBRY! Yertial D atehibe b s et so b vn H he
inability EQ Io%k, a second PLL 10 circuitry conprising blocks 810 through
818 is coupﬁ%ﬁelh series with the pixel clock generating PLL. In one

embodi ment, thepjef cEqnCE it ot %rn&'tﬂ%&#ﬁ%m&%ﬁb&%@%}%b%ﬁﬁcﬁ%@“ or bl ock

810, and the err correction charge pu nor e

el aborat el yedilts @lgééf ﬁﬁ@ﬁgﬁpgemﬁﬁ gﬁjuléé"ﬁ 1HAR inBREhu el Rih V&S i@l _sync

pul ses are conpar vertica ase detector cifcuitry, 15 810. The

out put of {&8icANAR Jﬂﬂ%@‘a‘ha&h&% iDAB s %ﬁh@é&%eﬁmhéiﬂg%aléo@h@dadg%gmr ates

a logic |level pul'sed waveform The érror correction charge punp,

generat es an@hddmeatbpdie ?f@éﬁﬂ! invehabni $n FiQubsetlastod gecashdwetiphase
error between the input vertical sync pulse and output vertical sync

pul se. Cut pertical syrveofahe dnpuigigralti0an Thedragtomp trge 8hdw2@heé seftidal eymdod n

| ow-pass filter block 814. The | ow pass filter stabilizes the | oop and
gener at es the'®@Gput signal 0% roacchrdanceheith ahsmibatinomt ob theptésent char ge punp
810 output. The output of the | ow pass filter maa/ be buffered at bl ock 816
f0- creat ellwensan; hebdaaess (anipd H06andHaputxang $08 have the pameiflrggpeante VCXO
is wused) as needed. The output of the buffer s a constant vc_)}ta e i nput

to t hel0  content but may be shifted in phase (user may select desired phase shitt). 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
bélow, 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)



25 VCXO, bl ock 818. The VCXO, bl ock 818, adjusts its output, é{ﬁqﬁ%@ﬁ%
accordingly forcing the output and input vertical syncs (Vg - S-IN)
to lock. The resulting VCXO nom nal frequency will be such that

synchroni zation 2 O OCT 2003 35 occurs between the input vertical sync and
the output vertical sync, as shown in hkggure 5. Figure 5 is an
illustration of the input and output vertical sync pulse results when the
out put vertical sync pulse is locked in frequency with the input 5

verti cal sgnc pul se and there is no phase shift between both signals,

accor di ng PePgHuUERBMCkERto b Rldediyidesuatioparieidsmn infeger gumbes 1ot fie t op
trace showg, Hts E\{erti Cﬂ| sync of the input signal 502. The bottomtrace
shows the VEHPwiterapdellons”  he out put signal 504. In accordance with an
enbodi ment of the present invention, both traces (output 506 and i nput
sync 508) have the sane frequency 10 content but nmay be shifted in phase
(user may sel ect desired phase shif{39.94)(806j(@3445i gure 5 depiction, there is
no phas® shift RELAEVIDER=Vi ewed--on-an----0sci-lloscope;,—-boteR t races, sync

out put pul se 506 and input sync pybBe0s0s7.5Mpuld4) appear to nove toget her
(i.e., locked). The frequency that will result in an integer nunber for the

ul se. Tl o' 7 TAEahBSe HEhHBIGA By Vo LGRS, Ak PO B R o
equati on: - A0 gk Vefiical BAM! ald B8 SRR YERES by REShIGRE P UbjldRhg RRE W CX(GXO

Lock Freq ----=---------~----------2-
5 viger frequency, which is the reference freqaency to thEpixdPld ReJehet E{EPENC
("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



Substituting the nunbers fromthe previous NTSC exanpl e, §§U @Qﬂqw bel ow,
results in a VCXO | ock frequency of 27,006,167.51 Hertz f t Bﬂ
vertical sync and the output vertical sync pul ses to | ock.

(59.94)(806) (1344) VCXO Lock FrequenCy = ----------------------------
(2462)/(1024) 2 0 OC T 2003 36 Substituting back into the PLL divider
equation yields an integer nunber for the PLL Divider as follows: 5 PLL
DI VIDER = (59.94)(806) (1344) -------mmm oo oo e oo

= 2462 (27,006, 167.51) / £1024 The aboye exa how t hat the second PLL
enabl es phé%émlag‘égleﬂ%})aé? Yl‘i‘ecqnﬁb‘ﬁ‘ier\‘i@‘ﬂ&ed%ﬂt 1§ t2Re retREEE verti cal
sync pul ses t}% gaq ust i ne% Ee VCXO frequency, V\/m ch is the reference
frequency PESFH ‘;9 Btk generating PLL. In 10 general, locking wll

occur when the PLL D|V| der equation results in an integer nunber.

Appl i cati ons Dué&he ontemeioprie staotaplicehte torths faimi drid snovie incleistryuthout and
input vertical 15 sync pul ses, enbodi ments of the invention can be used
wi t h vari oinstaficgieqaprasat m@mmmwmml atfectediighirazdlutipng t hose
with interlaced/non-interlaced .input & output) such as those providing:
swi t chithg, SEPAPH ESTRH @rcgﬁrwgategiémg@gs ightaghgaphd %F@Wﬂ%’ﬁer aRRics.

conversion, scalin Jdeo scal oublin e, quadru ng, ot her
various ci PRIAUSE PARY I8 4RPIR Y 8’5/%’( rﬁwsapegfseqr;ﬁ@, bufimtich c&’rjie

incorporated television and computer video is running at a different frame rates,
itis difficult to produce an output with all the different frame rates “locked up”
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.



20 resolution with one vertical rate and output a different, Lon
and/or different vertical rate. Further, the invention cab’%gﬁﬁigﬁbfo
i nprove various other systens as appropriate. In fact, great benefit is
derived at | arge staging events, fromincorporation of the invention into
scal ers having video input and conputer rate outputs that 25 are a
different frequency than the input. Al though the invention nmay be applied
where TV signals are up- converted to cgﬁbuter line rates, it is also
beneficial to systenms related to down- converting conmputer graphic signals
to television signals. For instance, so that 2 OO C T 2003 37 an i nage
generated by a conputer can be put inCbAdMA deo tape recorded presentation
or report. The invention is also applicable to the filmand novie industry.
For instance equi pnent involved in producing special effects, high
resol ution 5 graphics, conputer generated inmages, high tech graphics,
conput er graphids. BemaiBed fervvaticallyddckinggigpalsicomynisingt 24 frames per
second, but nuch_of the incorporated television and conputer video is
running at a di FPEBNE NPakeigrat Bavingimpykvesfiralisyur PUss: produce an out put
with all the different frape rFtE% "l ocked up" icture is

O5&r

gener at léd usi ng g&“fi'ﬁt’rﬂgp%ﬁﬁ?eé,c EBBCh OO i%ﬁ?%?ggfegﬁ%ﬂé)%%’f i ng through
| nbf oadcast 1 ng debrBaRCRS i PeRel S aRCr il aRu B doet Mt Bihacact -
oLudios requ e eeRieac SULLENG (ARG abutle 1B gl & DRyinstonal
IsreTBL?:’?S 2 \r%htg%é Q?ﬂgg{ﬂrsgla%grsggi[ Bﬁ@ﬂt%ﬁi&y st iCpiRe! WHERLA ORdf Rinetdtfhg
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.



Thus, nethods and apparatus for vertically | ocking input an GOQE u% -
signals fromdiffering video sources have been descri bed. th ugh"qgﬁe
-present invention has been described with respect to certain specific

enbodi nments, it will be clear to those skilled in the art that the
inventive features of the present 20 invention are applicable to other
enbodi nents as well, all of which are idfended to fall within the scope of

the present invention. 2 0 OC T 2003 38 CLAIMS 1. A nethod for vertically
| ocki ng signals conprising: obtaining input signal having input vertical

sync pul se; 5 gﬂne_ra%@%&h@ﬂ)&@Ua%%hfefe%%‘ﬁﬂfﬁ)éngfa@i & piREEAGACE
frequency; determ ning output vertical sync pulse from'said pixel clock

frequency; frggracatomgrisad:d reference frequency to obtain a | ock between
said input vertical sync pulse and said output vertical sync pul se, wherein
sai d gener at i ng cosgiadingehil steente Bggenuy withpnissipstedlfixgbdeciat i ng a

nom nal frequency froma frequency generator; conparing said input
vertical syFSusDys & genbratgiaoplase putonsignal cahereyysaid pdjusted pixgbdletlat e a
phase error. signal; gener a%i ng,.an. adj ustnent signal by conditioning said
phase ePr orffCRPHRAIS SeRRERTAS DX Giviginghp1d #ibee] closk derpgngiehen &l drPivédgener at e
said reference frequency usi said adjustnment signal.,2. The net hod of
claim 1 wher o neSATAREAB AT ALy Rt Eie S PSR oy SE et ex ence
di vi der. 2Q 4

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.



3. The method of claim2 wherein said reference divider is any positive

i nteger nunber. 2 0 OCT 2103 39 4. The nmethod of claim3 mh?rebnysagﬁ
generating a pixel clock frequency conprises: conparing sard réfe ce
frequency with an adjusted pixel clock frequency to generate a phase error
signal, wherein said adjusted pixel clock 5 frequency is generated by
dividing said pixel clock frequency by a PLL Divider; generating an

adj ust ment signal by conditioning saidghase error signal; and adjusting
sai d pixel clock frequency using said adjustment signal. 10 5. The net hod
of claim4 wherein said PLL Divider is derived by: determning the input
vertical frequency; obtaining the desired output horizontal resolution and
the desired output vertical resolution; generating an intermnedi ate divider

val ue by dividigg th roduc f_said, 15 input, verti.cal frequepcy, said
esired out put fori zoRt Bepebel deon heire et uil st SO

resol ution i ~ence divider, by said nom nal frequency; and
setting t h& %?bg3g$£§% the integer portion of said internmediate divider

val ue. 20 6. Th@bﬁﬁ’ﬁﬂg@h@aeﬁie@ M PuPhEi S taPRLGERhEIH heRisiBE oAUt

vertical frequency conprises counting the nunber of pulses of a free

runni ngs os¢kitlcal Akoldd@ihween two adj acent input vertical sync pul ses.
generating a pixel counter by counting the cycles of said pixel clock;
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.



25 7. The nethod of claim5 wherein the user provides said dZSiéEd out put
hori zontal resolution and said desired output vertical resol i B} &HSd
‘out put horizontal resolution and said output vertical resolution having the
pi xel s required for blanking. 2 C C C T 2003 40 8. The nethod of claim1l
wherein said determ ning output vertical sync pulse conprises: obtaining
the desired output horizontal resolutiodland the desired output 5 vertical
resol ution; generating a pixel counter by counting the cycles of said pixel
cl ock; generating output horizontal sync pulse fromsaid pixel counter;

generating a i ng. cOUShobaCa 19w 3Rkdn QLA NATIZA0GRE BN TG BYlse:

generating said output vertical sync pu ne‘counter;
restarting Ps.ﬂisgccﬁhpggeg,@ounter when said pixel counter reaches the desired
out put horizontal resolution; and restarting said |line counter when said
l'ine counter reasdesindidesiticatlsyreyiylsd wher baiddiner@aatditis quivafendto dhe

nmet hod of claim8 wherein the user provides said desired output horizontal
resol uti on wsed psegrdndesbleedrioct putc starttmoaber; esdl uti on, said out put

hori zontal resolution and said output vertical resolution having the pixels
require® for bl dak§tHYg s@id veoticafisenapulse avheh seidhline eowitier isiequialentdenmer at i ng
out put horizontal sync -pul se conprises: asserting said horizontal sync
pul se when 5T BTO5REIMRRIE veshcal syreend arewer. whegin sad skhrbgrathesBnd

hori zont al S%ch gnc% tn%{{{be? lilnrg)y ré agjﬂgted to cause a phase 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.



resetting said horizontal sync pul se when said pixel counterzmsggqugxﬁlent
25 to a user progranmabl e horizontal sync end nunber. 2 GO C T 200 1 11.
The nethod of claim8 wherein said generating output vertical sync pulse
conprises: asserting said vertical sync pul se when said |ine counter is
equivalent to a wuser programrable vertical sync start nunber; and 5
resetting said vertical sync pul se when idline counter is equivalent to
a user progranmable vertical sync end n er, wherein said start nunber
and said end nunber may be adjusted to cause a phase shift between said

i nput vertical sync pulse and said output vertical pulse. 10 12. A system
for vertically locking signals conprising: an input signal conprising

i nput vertical sync pulses; a clock generator for generating clock pul ses
from a ref er enceldr eqllemsystemenf daitpliz when¢ingagbresersnoe flegregenisriariheg

out put vertipﬁécf%gc pul ses _fromsaid clock pulses; 15 a detector coupled
to said outPiytdg Agelpeensedigrdesialuai d i nput signal  for conparing said
out put vertical sync pulses and said input vertical sync pul ses; and an

adj uster coupled to said detector, said adjuster configured to adjust said

| ock b ' I i d..ref frequ h id i
vert i cal 20 syncpul Sa SitubraRR FIF Rt R elerRRoq AR e Mty

synchroni Zeﬂosi%@@ﬁ%Q?Pﬂﬂbeﬁdj usting said reference frquency conpri ses:
gener ating ‘a nonm nal®frequency froma frequency generator; conparing said

i nput vertical sync pul ses and said output vertical

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



sync- pul ses to generate a phase error signal; 25 generating an adj ustnent
signal by conditioning said phase error signal; and adjustih@ 86 d2003
frequency generator to generate said reference frequency using said
adjustnment signal. 2 p 0 CT 2003 42 13, The system of claim 12 wherein
said reference frequency is further divided by a reference divider val ue.
5 14. The system of claim 13 wherein said reference divider value is any
positive integer nunber. 15. The systemi®f claim 14, further conprising a
m cro-controller, wherein said mcro-controller selects said reference

di vider value. 10 16. The system of claim 15 wherein said generating cl ock

P b on sahet o o Bhe sTHERLATNa] 16 ceamRald POL Al fich & BEERGFLY SECNCY

with an adj ust e requency enerate a ase error signal, wherein

sai d adj u[%nehqlr Céo%l‘oli]ez fn] cq)qﬁgﬁgeé S gener ated by dividing said cl ock pul ses
er al

by a PLL enerator generating an adjustnment signal by
condl tioning Sa&@terﬁ%ﬁ% tﬁéﬁ%uﬁ&ﬁ@!ﬂ fr@(gqar@gl d clock generator adjusting
i gnal .

sai d clock pul ses using“sai d ‘adj ust nment 202 0 0 C T 2003 43
obtaining the desired output horizontal résolution and the desired output
5  vertical resolution;
generating an intermediate divider value by dividing the product of said
input vertical frequency, said desired output horizontal resolution, said desired
output vertical resolution, and said reference divider, by said nominal frequency;
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.



17. The systemof claim 16 wherein said PLL Divider is derivedy [}@;%
m cro-controller and conprises: determning the input vertical freque 993
obtaining the desired output horizontal resolution and the desired out put

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

hori zontal resolution, said desired output vertical resolution, and said
ref erence divider, by said nom nal frequéency; and 10 setting the PLL
divider to the integer portion of said internmediate divider value. 18. The
system of claim 17 wherein said determ ning the input vertical frequency
conprises count iy t hEhesydden obiclgiol Fewhefein shidemicromontrplles perfoamgsaidl 5
bet ween two adj acent input vertical sync pulses and nultiplying by the
frequency ofersatiing peputweniicrd spscpllsas opmpiBingrhe system of claim 17
wherein the user provides said desired output horizontal resolution and
sai d desired out¢hteiniagthedesiressontpui Harizen aér@@lwrpa@dmﬁgﬁ%m putput
resolution and said output vertical resolution having the pixels required
for bl anki neertigakregplatipnp0o3 44 20. The system of claim 15 wherein said

T rorCO ol e per ot 7S Sal . SRS LR NEC LS RS Rl oo
O e eh e L g R A BN AP csmater b
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



generating output horizontal sync pulse fromsaid pixel coun& :

generating a line counter by counting said output horizontal 2@@@7bamEes;
-generating said output vertical sync pulse fromsaid |ine counter
restarting said pixel counter when said pixel counter reaches the desired
10 output horizontal resolution; and restarting said |ine counter when said
| i ne counter reaches the desired output5vertical resolution. 21. The
system of claim20 wherein the user .provides said desired 15 output

hori zontal resolution and said desired output vertical resolution, said

out put horizont@?b;eb %n&?%g?gggéﬁﬁ%gVﬂﬂﬁaﬂgmﬁﬁﬁéﬂéaﬂh¥£§§§%“%%ﬂﬂﬂmaVi”g t he

pi xel s required e system alm erein said

generatingSZHg?uEngﬁhﬁg@gal 20 sync pul se conprises: asserting said
hori zontal sync pul se when said pixel counter is equivalent to a user

progr amabl e homkgefihgkaislweeticdlayhc pulbevhienaait lies eduritagissajud Dattitzant al
sync pul se when said pixel counter 1s equivalent to a user programable
hori zont al . tsgnpregrdomuatiie vertkial By Sait RO0bd; 48d23. The system of claim 20
wherein _said generating output vertical sync pulse conprises: asserting
said vebtical syesetipng saidweeiicad sy pilse whensaist lingscagienislegnivalentdo auser
programmabl e vertical sync start nunber; and 5 resetting said_ vertical sync
pul se when USSF Bragrageaiila vertical s gnshnember, gvherepsgid é%éb?éﬁ#&b redverti cal

n nd n r,.wh in i rt . n r an . - 3
sync end %QPde erid number ma%zabedacfjhgte to %21?5% a I?ha%e shift between said input

vertical sync pulse and said output vertical pulse.

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.



sai d end number may be adjusted to cause a phase shift betweéh)s@id mput
vertical sync pul se and said output vertical pulse. 10 24. A nethod for
vertically locking input and output signals conprising: obtaining a
continuous input video signal having an input vertical sync frequency;
generating a first divider value fromsaid continuous input video signal,
15 said first divider value being a posidti ve integer nunber; generating a
ref erence frequency using a first frequency generator having a first

adj ustabl e output with a nom nal frequency greater than zero, wherein said
reference frequency is adjustable by adjusting said first adjustabl e out put
of said first frequency generator about said nom nal frequency using an

adj ustment 20 sisgnalthIaPeicldfehim B, ¥@er&hagki %@%w%nfcm_r&rﬂ&ﬁieqcy .
reference frequency using said first divider val e; determ ning generating

an out put vighitdicated byncvqrutdeyht palevedutingmt saddnpdi waticdllspak frequency;
and 25 generating adjusting said reference frequency to obtain a | ock

bet ween sdreuenpythwehaviogh pdyrditpof iseut vegicehoyncpmises & shidubptihuves ti cal
sync frequency by generating said adjustnment signal froman error between
sai d i nput pppt viggp sigyphe frequency and said output vertical sync
frequency. 2 0 OCT 2003 46 25, The nethod of claim 24, wherein said input
vertical sync frequency 1is indicated by a vertical sync pul se occurring at

said input vertigal sync requenc, us, having.a plurali of . i nput

vertical sync pdPses he glg}laocggﬁ@?lméggvherem satd Shpfut vertlcatl gync frequency
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

10 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
15  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:
20 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
25  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.



5 input video signal. 26. The nethod of claim25, wherein sazq}h@gugmﬁ
vertical sync frequency 1is determ ned by counting a nunber Of* pul ses of a
free running oscillator occurring between two adjacent input vertical sync
pul ses of said plurality of 10 input vertical sync pul ses, wherein said
free running oscillator has a frequency equal to said nom nal frequency of
said first frequency generator. 27. Theimret hod of claim 24, wherein said
reference frequency is generated by dividing said first adjustabl e out put
of said first frequency 15 generator by a second divi der val ue, wherein
said second divider value is a positive integer nunber. 28. The net hod of
claim27, wherein said generating said first divider value fromsaid

conti nuous i npugg vi dﬁqe et off QA izé,%he%{}l Q4 gieﬂérﬁgng ssiashikadiydideo

out put vertical resolution; obtaining a desired video output horizontal
resolutionﬁeqagmgﬂﬂﬁﬁﬁﬁ&ﬁg an internedi ate value by dividing a product of
said input vertical sync frequency, said desired video output horizontal

resol ution, sai %eneﬂ@ﬁlhg sdld\piddalaukd fpeduarey sty a sezent dtdquencapgenaatat second
di vider value, by said 25 nom nal frequency, said internediate val ue havi.ng
an i nt eger hpangiacecand adjusfabde viipuawipoa noorinaldetquengy sqial thizese, sdidvi der
value to said integer portion of said internediate value. 20 QC 2003 47
29. The nes¢veaddtequencygereraliaistngan MpIFSHETrBEnal G0 sanerals sl serrk
f ' : [ i i xel c¢lock f j
f ; ggﬂgzgz %gigg{agfecef?utpggré\r rearléillﬁns%icf gécgngla)é]eusteﬁolg 8utp1.1rt?sqgaelcr1] %:Xxe"f %fo@g a second
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.



5 having a second adj ustable output with a nominal frequency equllUib 2483 o,
said second frequency generator using an input error signal to generate
said second adjustable output, wherein said second adjustable output is
sai d pixel clock frequency; and generating said error signal by conparing
said reference frequency with 10 an internmedi ate frequency generated by
dividing said pixel clock frequency by aid first divider value. 30. The
met hod of claim 29, wherein said error srgnal is further filtered before
bei ng passed to said second frequency generator. 15 31. The nethod of claim
24, wherein said generating said output vertical sync frequency conprises:
obtai ning a desired video output horizontal resolution and a desired video
out put vertical resolution; 20 generating a pixel counter gfdcounting

cycl es of said pxel Thegorthodgdiebriat $Thgviareisia pear providesseid desirrd Yidgguency
fromsaid pixel counter; anﬁrating,a | i ne_ counter b{ coun ingbé¥§¢es in
sai d out putuliit hesirantalsprelutippagdessid degrsrbysteonyitey Hefélﬁﬁ‘tp@ts v cal
sync frequency fromsaid |jne counter; 25 restarting. said,pi.xel couynter
when sai d aﬂﬁéfvh%uh%aéii deshEn e ipite BpPEd ey Fereb st P S0 GesBRt a
resol ution; .and res artlﬁg sahdvli e _counter mh%gfsghgﬂkﬁpe counter reaches
sai d degi r SR PYRYT SETHH rL UL Y RRBEGICGHI* 18 Mg 2003 48 32. The
nmet hod of claim 31, wherein a user provides said desired video

33.  The method of claim 31, wherein said generating said output

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
13 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.



out put horizontal resolution .and said desired video out put Qd}@ﬁgaﬁmﬁ
resolution, and wherein said desired video output horizontal resolution
and said desired 5 video output vertical resolution have pixels required
for blanking. 33. The nethod of claim 31, wherein said generating said

out put horizontal sync frequency conprises: asserting a horizontal sync
pul se when said pixel counter is equivalgnt to a 10 user progranmabl e

hori zontal sync start nunber; and resetting said horizontal sync pul se when
said pixel counter is equivalent to a user programrable horizontal sync
end nunber. 34. The nmethod of claim 31, wherein said generating_ said output
15 verti cal sync5freq%@ﬁ??aEﬁﬁ%ﬁﬁ§@%ﬂGﬁb@@ﬂ@ﬂﬁgnﬁub@ﬂgPEHF“§%ﬁ51%ulse when
said line counter is equivalent to a user progranmable vertical sync start
nunber; andOP¥¥PP8ng said vertical sync pul se when said line counter is

I d d
cautvel ent L0 2 U SrBLSTLATRAE e LS ST SRY AU ML 2
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signal s CQHB&% §1§5{81 sé‘ldcf?fl& dgsﬁggfvélﬂ%%tﬁer%Q?Bsﬁxsz?ﬁ% im i nput

vertical" sync IVI er val ue from

sai d continuous dﬂ n% eﬁj_u\%hgfgeﬁéﬁ for hgrafth{ réibf@n‘é@@reé@le%@ v Qi Girst

positive integer rst equ ncy geferator for nerat i ng a
reference fff&?;é%@%enéﬂtgr hivink a fifseAHRAEILIOBNES R WIthhavdtha fidfuhcy

adj ust abl e out put th a nom nal frequency
greater than zero, wherein 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



greater than zero, wherein said reference frequency is adjusi gb0ETb30a3
adjusting said first adjustable output of said first frequency generator
about said nomnal 10 frequency using an adjustnment signal; a second
frequency generator for generating a pixel clock frequency from said
reference frequency using said first divider value; neans for generating an
out put vertical sync frequency fromsaid pixel clock frequency; and 15
means for generating said adjustnment sigBal froman error between said

i nput vertical sync frequency and said output vertical sync frequency,
wherein said adjustnent signal is used for adjusting said reference
frequency untilza | ogke aFﬁa%;@bf‘&Qixﬁ%%ﬁ@r&%ﬁd'iﬁﬁMvé&ﬁ&iﬁlls}}@ﬂc sync
frequency and said output vertical sync frequency. 20 36. The apparat us of
claim 35, %gﬁ&h@ saideinMidet Bietdirtalg 8Waenbek 8 gubiee wf asrdeiredhgd by a
vertical sync pul'se occurring at sai c% i nput vertical sync frequency thus
havi ng a pbsdiRdtot pe@irri twieeh ttivoaldjsaene inpilt vestidah spad pulsesaf saidous i nput
video signal. 25 2 D 2003 50 37. The apparatus of claim 36, wherein

sai d i nput pitenlitycaf inpyheerticnbsyrenpylséss wletrenmaitbifebyuuingtasaidlatoriastser  of
pul ses of a free running oscillator occurring between two adjacent i nput
verticdl sfmqupndseguaftosaidinopinaldrdquengy of sodifirgeireieencysgenerpidises,
wherein said free running oscillator has a 5 frequency equal to said

nom nal frequency of said first frequency generator. 38. The apparatus of

claim35, wherein sajd reference frequency i . .
8. T}qne apparatus of claim 3%, wheréin 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.



generated by dividing said first adjustable output of smzif'qftﬂ@%equency
generator by a second divider value, wherein said second QJ? e@ lue is a
10 positive integer nunber. 39. The apparatus of claim 38, wherein said
generating said first divider value fromsaid continuous input video
signal conprises: obtaining a desired video output vertical resolution; 15
obtai ning a desired video output horizontal resolution; and generating an
i nternedi ate value by dividing a productf%f said input vertical sync
frequency, said desired video output horizontal resolution, said desired
vi deo out put vertical resolution, and said second divider value, by said

nom nal frequency(. sailtheiapipaiaedioftRimals)e/HavnngiBiecoRtigaRfuepeytion and a
20 fractional portion; setting said first divider value to said integer
portion of ganeratortesesedi a@ter sighakto gerlerile Glse200d ajusddble Dhepappathat us of
claim 35, wherein said second frequency generator uses an error signal to
generate a sevund faefumtcyisiqeabin per, siit Becondhadjusiabld owgpue beingegich pixted
zero, said second adjustable output being said pixel clock frequency, and
sai d gener aflosl fregugngy »eaid sid generagiqgenty piehplock itegqueBeyyermpsisingg sai d
error signal by conparing said reference frequency with an internedi ate
fr equenc§ gener aBeRRBYNGiISHIHERHET signal by xemparigsad sefesensy frsquengy avith r st
di vider value. 41. The paratus of claim40, wherein sajd _error si %nal is
further 109RMMEENE 1%3%?%&8%@{ BEN$a fyid g Pord crackdirsaeycy by
generator. é&lzld ﬁ'-l;gtedi%ﬁf)e%rv% us of claim 35, wherein said generating said

out put ’

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



vertical sync frequency conprises: obtaining a desired vide@gmgg*ﬂz
hori zontal resolution and a desired 15 . video output vertical resgp%tion;
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; 20 generating said out put ver%%cal sync frequency fromsaid |ine
counter; restarting said pixel counter en said pixel counter reaches
said desired video output horizontal resolution; and restarting said |line
counter when said |ine counter reaches said desired video output vertical
resol ution. 25 2430 0 Thela 3B 4Rin4R vaprainad usergirogides seidbdesitesl ei n a
user provides said desire vi deo out put horizontal resolution and said
desi red vi deédeooupput harizdntal resolasohunidonid dedretheider eudpiiavertistl ed vi deo
out put horizontal resolution and said desired video output vertical

resol uti on teavlatiohxand whegeinrsaitl devirasi wislepgitpst orizoriel repplatigniadoraid| ai m
42, wherein said generating said output _horizontal sync f ency
conpri ses: desteAriAgo QUAYHIvesHEH resgIRHOR fpge PRELHT lﬁgHPQQﬁ’ ter is
equivalent to a wuser programmable horizontal sync start nunber; and 10
resettiﬁg sai d horizontal sync pul se when said pixel counter is equivalent

to a user progr o bl 'ﬁwehglgg)azrgg}saolf T 4£r\]/v er}lé&b Hid generating said output
horizontal sync frequency comprises:
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.



45. The apparatus of claim 42, wherein said generating saidijolf pugip:
vertical sync frequency conprises: 15 asserting a vertical sync pul se when
said line counter is equivalent to a user progranmable vertical sync start
nunber; and resetting said vertical sync pul se when said |ine counter is
equi valent to a wuser programmable vertical sync end nunmber, wherein said
start nunber and said end nunber nay be adjusted to cause a phase shift
bet ween said i nput 20 vertical sync pulsg and said output vertical pulse.
46. The apparatus of claim42, wherein s %d means for generating said

first divider value is a systemconprising: a processing unit; and 25 a
menory device. 2 (0 OL, 2 C3 53 47. The apparatus of claim 42, wherein said
means for generati.ng the dppeutpuc! deain ke alhexein sdidenoamchprigenarading seud
conprising: a processing unit; and a nenory device. 5 48 The apparatus of
clai m 42, vpieipaityestigad syne Seqrereyuie Ay SEen€PBIPSISINE a vol tage control | ed
crystal oscillator. 49 The apparatus of claim42, wherein said second
frequency 10 gehBFIeSFINgIMaL 9Bft age controlled oscillator. 2 0 OCT 2 003

54 50. An apparatus for verticall | ocki ng i nput and out put signals
pp a memory evice. y g p p g

5
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.



conprising: a continuous input video signal having an input? gejgT cghasync
frequency; a mcro-controller for generating a first divider value %ronl
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 voltage controlled oscillator
having a first adjustable output with a nom nal frequency greater than
zero, wherein said reference frequency isg 10 adjustable by adjusting said
first adjustable output of said voltage controlled crystal oscillator
about said nom nal frequency using an adjustnent signal; a phase | ocked

| oop for generating a pixel clock frequency, said phase |ocked. |oop
generating an ePPor dyprRpaBjucionaricedyilecking i anek @PYE SI8ERE  ref er ence
frequency with an internmedi ate frequency generated by dividing said 15

pi xel cl ockOFHBHdHcy by said first divider value and using said error

Cl ook 11 equency 2 AT PRRGCSEBP LET e AR  But U Csd DY el apRE P

f f id i xel ..cl ock f L. . f ] ti id

ac ustment. i gnannireRetous RGN R BRI O 57
justrent ] i ncy"and said -
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i nput vert'% bync frequency and said output vertical sync frequency.
© ABSTRACT MEe AND APPARATUS FOR VERTI CALLY LOCKI NG

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

10 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 freqdéhcy generated by dividing said

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

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

means for generating said adjustment signal from said input vertical sync

20 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.



| NPUT AND OUTPUT VI DEO SI GNALS This invention describes & geihodibnd
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 séries to achieve vertical |ock
bet ween the input and output frames. Locking the vertical sync pul ses

bet ween the input and output franes will elimnate m xing of pixels from
different iABSIRACANMes in one output frame. The first Phase Locked Loop
generates the output pixel clock required to satisfy the user's display
preferences but may not precisely represent the desired output pixel clock

required for franmMEPHODAND AFISRAVUSFORRBREITIEAE NI BRORENGSE | Nt eger
dividers. A second Phase ENP@?dANBQQUﬁ*IHﬁVZDEUSSR‘%NRES’ which is the
Locke

reference frequency to the first Phase oop, unttl a lock is
achieved. A free running oscillator neasures the frequency of the incoming
video and sends its output to a mcro- controller that conputes the divider
required in the Thisstvéhasededceibked nhabpd abasgepeatugder vaeically éskkong put
resolution. The user nmay al so adjust the delay between the vertical input
and out put inpdeand rapst videoffiagne eat8s.) The output vertical sync pulse is locked in

5 phase with the input vertical sync pulse, regardless of the input format and
frequency. The output resolution, horizontal refresh rate, and delay are all user
selectable. Two Phase Locked Loops are connected in series to achieve vertical
lock between the input and output frames. Locking the vertical sync pulses
between the input and output frames will eliminate mixing of pixels from

10 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
but may not precisely represent the desired output pixel clock required for
frame locking because current Phase Locked Loops use integer dividers. A
second Phase Locked Loop adjusts its output, which is the reference frequency to

15  the first Phase Locked Loop, until a lock is achiéved. A free running oscillator
measures the frequency of the incoming video and sends its output to a micro-
controller that computes the divider required in the first Phiase Locked Loop
based on user selected output resolution. The user may also adjust the delay
between the vertical input and output video frames.

20

{ figure 8 )



