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METHOD AND APPARATUS FOR VERTICALLY 
LOCKING INPUT AND OUTPUT SIGNALS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to the ?eld of analog and 
digital signal processing, and more speci?cally to circuitry 
and systems for providing sWitching, scan conversion, scal 
ing, and processing Where the output frequency is different 
from the input frequency. 

[0003] 2. Background Art 

[0004] SWitchers are a means of connecting an input 
source to an output device or a system. Typically, a sWitcher 
alloWs a user to provide an output derived from a selection 
betWeen more than one input signal source or connector 
type. Furthermore, various types of sWitchers have various 
components, capabilities, options and accessories. 

2.1 Graphics Environment 

[0005] 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 various 
selected output devices, such as presentation displays. FIG. 
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. 

[0006] Hence, a graphics sWitcher 100 alloWs source sig 
nals derived from inputs such as video cameras 102, VCRs 
104, DVDs 106, TV video, audio/video systems, and com 
puters 110, 112, and 114 to be selected and vieWed on a 
presentation display 120 one at a time. For eXample, When 
trying to display from tWo computer inputs 110 and 114 
having separate presentations, a graphics sWitcher 100 can 
physically connect both of the computers to the display 
device and alloW input selection from the tWo computers for 
display on the display device 120. Other examples of 
graphics sWitcher use are for generating special graphics and 
movie effects; in industrial settings or security applications 
for sWitching betWeen video cameras inputs for displaying 
certain areas on monitors or systems of display devices. 

[0007] Typical inputs to a graphics sWitcher comprise 
computers, TV video, composite video, red-green-blue 
(RGB) video, S-Video, D-1 (digital) video, computer input 
(e.g. VGA, SVGA and Mac video formats), video cameras, 
VCRs, 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. 

[0008] Similarly, a sWitcher provides output to various 
sources or presentation formats. Examples of outputs com 
prise LCD panels (including high-resolution LCD projec 
tors), DLP displays (including high-resolution DLP projec 
tors), high resolution plasma displays, TV displays, CRT 
display devices 122 and 124 (eg VGA, SVGA ant Mac 
video formats), audio stereo systems, and various other 
audio/video outputs as appropriate. For instance digital 
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projectors used for business presentation supply digitally 
addressed elements to LCD panels, DLP panels, digital light 
processing devices, and various others. 
[0009] ATV signal has a set number of horiZontal lines. In 
PAL and SECAM, it’s 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 remainder are called blanking lines, Which 
contain no picture information and are hidden at the top and 
bottom of the screen. 

[0010] By contrast, the number of horiZontal lines on a 
computer display can range dramatically, from loWer reso 
lutions of 480 visible horiZontal lines or less, up to very high 
resolutions With 1280 or more lines. Many computers con 
tain video cards that alloW the user to choose betWeen 
several different display resolutions. 

[0011] 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 small number of horiZontal lines in a TV 
video picture limits the ability to display very small teXt or 
other intricate visual details. 

[0012] TV video is de?ned by either the NTSC, PAL or 
SECAM standard, Which dictates the number of lines in the 
picture, hoW the color information is de?ned and the speed 
With Which the lines are painted on the screen from top to 
bottom (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 
(eg 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 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. 
[0013] While all of these formats differ in the Way the 
video information is combined into a signal, they still have 
certain things in common. They are all interlaced, they have 
either 576 (PAL and SECAM) or 483 (NTSC) visible lines, 
and they have an established, unvarying refresh rate. For 
PAL, tWo interlaced ?elds, making up a single “frame,” are 
painted onto the screen 25 times each second (a rate of 25 
HZ), and for NTSC, this occurs 30 times each second (30 
HZ). 
[0014] Unlike TV video, there is no single standard by 
Which all computer video signals must abide. As discussed 
earlier, there is a Wide range of commonly used display 
resolutions. There is an equally Wide range of refresh rates, 
most falling 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 informa 
tion to the monitor. All VGA, SVGA and Mac video formats 
transmit the red, green and blue 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. 
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2.2 Types of Switchers 

[0015] 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 sWitch 
ers; system switchers; and matrix sWitchers. In addition, the 
numerous signal characteristics associated With sWitching 
mixtures of inputs to outputs has led to number of sWitch 
options and accessories. 

[0016] For instance, a line of A/V sWitchers may accept 
NTSC/PAL/SECAM composite and S-video type video 
sources, as Well as tWo channels of stereo audio from 
amongst six selectable inputs. Each model in the line is then 
differentiated by the type or combinations of video audio 
formats that it accepts. 

[0017] Another line of sWitchers, VGA, Mac and RGB 
sWitchers, are used for simple routing applications. A model 
of this line can be dedicated to sWitching signals of only one 
speci?c computer type, such as VGA or Mac. Alternatively, 
another model may provide more input ?exibility, by accept 
ing both VGA and Mac video signals. 

[0018] 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 comput 
ers, 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 if the 
sWitcher Were the same brand as the projector. 

[0019] 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 (eg 
previeW monitor 124) or output #2 (eg program monitor 
122); input #2 (eg PC computer 110) can be routed to 
outputs #3 (eg program monitor 122) and #4 (eg 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 pre 
sentations, data display, and entertainment. These applica 
tions require multiple input sources (computers, cameras, 
DVD 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, and/or outputs When a change in input signal 
type is detected. Thus, a sWitcher may have various signal 
conversion and processing capabilities depending on 
sWitcher type and needs. For example, graphics sWitchers 
implement mixture of scan conversion, scaling, ?ltering, and 
other capabilities as needed for their desired performance. 

[0020] A scaler changes the siZe of an image Without 
changing its shape, for instance, When the image siZe does 
not ?t the display device. Therefore, the main bene?t of a 
scaler is its ability to change its output rate to match the 
abilities of a display device. This is especially advantageous 
in the case of digital display devices because digital display 
devices produce images on a ?xed matrix and in order for a 
digital display device to provide optimal light output, the 
entire matrix should be used. FIG. 2 illustrates a digital 
display device shoWing the pixel matrix for displaying an 
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image, according to an embodiment of the present invention. 
Thus, the goal of a scaler is to have output ?exibility so that 
the input 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”. 

[0021] Since a scaler can scale the output both horiZon 
tally 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 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 can 
take the standard NTSC video signal and convert it to a 16x9 
HDTV output at various resolutions (e.g. 480p, 720p, and 
1080p) as required to ?t the HDTV display area exactly. 

[0022] Scaling is often referred to as “scaling doWn” or 
“scaling up.” An example of “scaling doWn” is When a 
640x480 resolution TV image is scaled for display as a 
smaller picture on the same screen, so that multiple pictures 
can be shoWn at the same time (eg as a picture-in-picture 
or “PIP”). Scaling the original image doWn to a resolution of 
320x240 (or 1A1 of the original siZe) alloWs four input TV 
resolution pictures to be shoWn on the same output TV 
screen at the same time. An example of “scaling up” is When 
a loWer resolution image (e.g. 800x600 =480,000 pixels) is 
scaled for display on a higher resolution (l024><768=786, 
432 pixels) device. Note that the number of pixels is the 
product of the tWo resolution numbers (i.e. number of 
pixels=horiZontal resolution><Vertical resolution). Thus, 
When scaling up, pixels must be created by some method. 
There are many different methods for image scaling, and 
some produce better results than others. 

[0023] A scan converter is a device that changes the scan 
rate of a source video signal to ?t the needs of a display 
device. For instance, a “video converter” or “TV converter” 
converts computer-video to NTSC (TV), or NTSC to com 
puter-video. Although the concept seems simple, scan con 
verters use complex technology to achieve signal conversion 
because computer signals and television signals differ sig 
ni?cantly. As a result, a video signal that has a particular 
horiZontal and vertical frequency refresh rate or resolution 
must be converted to another resolution or horiZontal and 
vertical frequency refresh rate. For instance, it requires a 
good deal of signal processing to scan convert or “scale” a 
15 KHZ NTSC standard TV video input (e.g. 640x480) for 
output as 1024x768 lines of resolution for a computer 
monitor or large screen projector because the input resolu 
tion 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 memory to store each incoming input frame. Once 
stored, the incoming frame can be read out repeatedly to add 
more frames and/or pixels. 

[0024] Similarly, a scan doubler (also called “line dou 
bler”) is a device used to change composite interlaced video 
to non-interlaced component video, thereby increasing 
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brightness and picture quality. Scan doubling is the process 
of making the scan lines less visible by doubling the number 
of lines and ?lling in the blank spaces. Also called “line 
doubling”. For example, a scan doubler can be used to 
convert an interlaced, TV signal to a non-interlaced, com 
puter video signal. Hence, in order to display TV video on 
new TFT ?at panel screens, a line doubler or quadrupler is 
indispensable. 

2.3 Problems with Graphics Switchers 

[0025] When a graphics switcher switches between input 
signals having disparate refresh rate frequencies or resolu 
tions, either the switcher or the 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 drifts leading to picture scrambling and/or noise 
which results in a “jitter” in the output display. 

[0026] 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 design such a switch is to use signal 
processing. 

2.4 Seamless Graphics Switchers 

[0027] A switcher that provides such a stable output 
during switching is generally referred to as a Seamless 
Graphic Switcher (SGS). The term “seamless” derives from 
providing a glitch-free “cut” that eliminates the noise and 
jitter caused by switching between unsynchroniZed inputs. 
By using signal processing, the output is kept stable in an 
SGS while the input is switched between multiple analog 
and digital formats because the inputs are scan converted to 
one frequency before being sent to the display. Since the 
signal processor is doing the “locking” onto the new input 
rates, the display always 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. 

[0028] In order to scan convert the inputs to one fre 
quency, 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 seamless switchers 
are usually comprised of two scalers and a matrix switcher. 

[0029] For example, referring to FIG. 1, a prior SGS 
product 100 is capable of handling eight different input 
signals 130, includes routing and control functions for 
handling the signals, and provides scaling and synchroniZa 
tion (“sync”) of the image to the selected output resolution. 
Thus, the SGS accepts RGB or component video signals 
with various scanning rates while the operator seamlessly 
switches those eight inputs to a ?xed output rate that is 
selectable. 
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[0030] As such, the prior SGS can be used for staging 
events where high frequency computer video 110, 112, and 
114 and standard frequency video from a camera 102 must 
be seamlessly switched to high frequency and high computer 
resolution outputs 120, 122 and 124. The prior SGS can 
accept both interlaced and non-interlaced video formats with 
resolutions from 560x384 up to 1600x1200 with scan rates 
of 15 kHZ up to 100 kHZ and provides two different output 
signals. The ?rst output is the “program” output for viewing 
by the audience. The second output is the “preview” output 
for viewing “next to switch” sources by the switch operator 
on a local monitor. Thus, the switch operator can seamlessly 
switch the “preview” to the “program” output or choose a 
digital 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 resolu 
tion of digital displays. Advanced digital video scaling 
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 640x480, 800x600, 832x 
624, 1024x768, 1280x1024, and 1360x1024. For plasma 
displays, the output resolutions are 848x480, 852x480, 
1280x768, and 1360x765. The SGS also provides HDTV 
480p, 720p, 1080i, and 1080p output rates. 

2.5 Problems with Seamless Graphics Switchers 

[0031] Nevertheless, although SGSs solve the graphics 
switcher new input “jitter” problem, there is an inherent 
problem with SGSs that use a frame buffer 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 a box 
in the memory, which allows the SGS to signal process or 
read that frame out repeatedly. However, if the output 
vertical read rate from the memory buffer is not an integer 
multiple of the input vertical write rate to the memory, the 
information in output frame will contain two different input 
frames at some point in time. As a result, part of the output 
display will show the image from one input frame, while the 
rest of the output display shows the image from the second 
input frame. If there is motion in the input images, elements 
in the two input frames will be different and therefore, the 
output frame will display part of one image (eg a portion 
of the “before” image) and part of a later image (eg a 
portion of the “after” image). Moreover, at the border 
between the two images, a “tear” will appear in the output. 
FIG. 3 illustrates a digital display output image having a 
“tear”, according to an embodiment of the present invention. 

[0032] Thus, for instance, input of a ball that is moving 
horiZontally from right to 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 ?rst 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 
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. 



US 2002/0041335 A1 

[0033] Thus, current SGSs have a particular problem 
When the input images contain “panning.” For instance, a lot 
of camera panning is necessary during an 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 converted rate going out of the 
SGS, there are tWo different refresh rates for Writing to and 
reading from the memory buffer. As a result, the vertical read 
and Write rates are not locked in synchroniZation. 

[0034] Describing What creates the output tear in another 
Way, because each output frame being displayed is read from 
memory, When frames are being Written to and read out of 
memory at different rates, the Write pointer and read pointer 
moving along in memory at different rates. Hence, the read 
and Write pointers Will eventually cross, and When they 
cross, the read pointer Will go from neW input frame 
information just behind the Write pointer to old input frame 
information that 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. 

[0035] 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. 

[0036] 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 SCS application can encounter the tear 
up to 10 times a second. 

[0037] FIG. 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 
vertical sync pulse is not locked With the input vertical sync 
pulse. Referring to FIG. 4, the top trace shoWs the vertical 
sync of the input signal 402. The bottom trace shoWs the 
vertical sync of the output signal 404. The sync pulses are 
depicted at points 406 for the output vertical sync and at 
point 408 for the input vertical sync. In reality, the output 
and input vertical sync pulses have different frequencies 
When there is no lock hence, When vieWed together on an 
oscilloscope, there is a relative motion betWeen the sync 
pulses. 

2.6 Attempted Solutions 

[0038] 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. 
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[0039] 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. 

[0040] An additional attempt to solve the tear in SGS 
output frame during input movement is to use Phase Locked 
Loop (PLL) to achieve synchroniZation betWeen the output 
vertical sync pulse and the input vertical sync pulse. HoW 
ever, 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 pointer and 
When it does, that output frame Will still end up containing 
parts of tWo input images and a “tear” in betWeen. 

[0041] Another attempt at solving the SGS output tear is 
to add frame memory to sort of double buffer the input 
frames so that there are tWo input frame buffers containing 
consecutive input images. Then, Whenever the vertical 
pointers cross, the output frame having tWo input images can 
be removed or replaced With the neXt single image frame. 
So, at any given instant one of the tWo buffers has only 
information from one input frame. Then, When the pointers 
cross, Whichever buffer has information from just one input 
frame is output. The net effect is that the SGS actually drops 
a frame or double displays a single frame. The problem is 
that When an output frame is removed or replaced, 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 infor 
mation is missing. 

[0042] For eXample, motion is not smooth anymore. 
Instead it includes jumps and hesitations. Thus, motion may 
appear to stop, then repeat, then jump or 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 the image. 

[0043] 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 de?ni 
tion display the output Would appear unprofessional and 
sloppy. In addition this method causes variable output audio 
delay and skipping in parallel to that described for the output 
image. 
[0044] Another attempt at solving the SGS output tear is 
to delay the output so that Whenever the vertical pointers 
cross, signal processing can be performed to somehoW 
“smooth over” the output frame having tWo input images. 
HoWever, even With a delay, the output frame With a tear still 
eXists and a frame or frame portion must still be dropped or 
added. Thus, When the output frame or a portion thereof is 
removed or replaced, the timing of the images is miXed up 
and any linear motion, Will suddenly appear to either hesitate 
or jump ahead. 

[0045] An additional problem With adding delays With 
SGSs is that video is often delayed at several points in a 
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system due to signal processing steps that have frame delays 
or delays due 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. Gener 
ally, 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 timing difference betWeen the audio and 
output image lip sync is discernable. 

[0046] 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 reso 
lution during sWitching of inputs. 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. 

[0047] 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 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 pointer, so that for instance, 
frame rate delay could be adjusted (eg to say, half a frame). 
Thus, frame rate delay for an SGS could be set at, adjusted 
to, or programmed to change to one or more constant, 
predictable values as desired. 

[0048] Such a SGS is also desirable because having the 
video delay locked at a speci?c value provides a predictable 
and constant delay for synchroniZing the audio to the video. 
Thus, such an SGS alloWs for exact, predictable, and more 
precise video to audio synchroniZation. 

[0049] Furthermore, it is desirable to provide a system 
With an adjustable position of the output vertical frame read 
pointer in memory as compared to the position of the input 
vertical frame Write pointer so that output frame rate delay 
can be adjusted to near Zero. For instance, a desirable SGS 
Would alloW the output vertical frame delay as compared to 
the input to be reduced as much as possible White still 
alloWing the SGS to function. 

[0050] Hence, although an SGS can not have a 0 delay 
unless it processes and 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 mini 
miZed. As a result, a very loW frame delay large stage event 
system does not require an audio delay so that the audio lines 
up With the delayed video. Such a SGS is also desirable 
because the video delay can be minimiZed, thus alloWing the 
audio offset to be minimal or if necessary alloWing for a 
minimal required delay in audio for audio/video output 
synchroniZation. 

SUMMARY OF THE INVENTION 

[0051] This invention describes a method and apparatus 
for vertically locking input and output video frame rates. In 
one or more embodiments of the present invention, the 
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output vertical sync is locked in phase With the input vertical 
sync, regardless of the input format and frequency. The 
output resolution, horiZontal refresh rate, and delay are user 
selectable alloWing the user to vieW video from any source 
and according to the user’s desired preferences. Vertically 
locking the input and output frame rates assures that pixels 
from different input frames are not superimposed on one 
output frame. 

[0052] In one embodiment, tWo Phase Locked Loops are 
connected in series. The ?rst Phase Locked Loop generates 
the output pixel clock required to satisfy the user’s display 
preferences. The ?rst Phase Locked Loop may not precisely 
generate the desired output pixel clock required for frame 
locking because 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 frac 
tional 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 Oscillator or an 
equivalent device With ?nite adjustment capability to gen 
erate the reference frequency for the ?rst Phase Locked 
Loop. Hence, in one or more embodiments, the reference 
frequency is ?nitely adjustable until a lock is achieved. 

[0053] In one or more embodiments, an output timing 
generator generates the horiZontal and vertical sync pulses. 
The output vertical sync pulse is phase locked With the input 
vertical sync pulse. A free running oscillator neasures the 
frequency of the incoming video and sends its output to a 
micro-controller that computes the divider required in the 
?rst Phase Locked Loop based on user selected output 
preferences. The user may also adjust the delay betWeen the 
vertical input and output video frames through the output 
timing generator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0054] FIG. 1 illustrates a typical graphics environment 
shoWing various pieces of digital display technology con 
nected by a graphics sWitcher, according to an embodiment 
of the present invention. 

[0055] FIG. 2 illustrates a digital display device shoWing 
the pixel matrix for displaying an image, according to an 
embodiment of the present invention. 

[0056] FIG. 3 illustrates a digital display output image 
having a “tear”, according to an embodiment of the present 
invention. 

[0057] FIG. 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 vertical sync pulse. 

[0058] FIG. 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. 

[0059] 
loop. 
[0060] FIG. 7 is a block diagram of tWo Phase Lock 
Loops attached in series, in accordance With an embodiment 
of the present in ivention. 

[0061] FIG. 8 is a block diagram of an embodiment of the 
present invention used to lock the input and output vertical 
sync rates. 

FIG. 6 is a block diagram of a typical phase locked 
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[0062] FIG. 9 is a How diagram showing horizontal sync 
pulse generation in accordance With an embodiment of the 
present invention. 

[0063] FIG. 10 is a How diagram of generation of the 
output vertical pulse, in accordance With an embodiment of 
the invention. 

[0064] FIG. 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. 

[0065] FIG. 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 embodi 
ment of the invention. 

[0066] FIG. 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. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0067] The invention comprises a method and apparatus 
for vertically locking input and output signals from differing 
video sources. In the folloWing description, numerous spe 
ci?c details are set forth to provide a more thorough descrip 
tion of embodiments of the invention. It Will be apparent, 
hoWever, to one skilled in the art, that the invention may be 
practiced Without these speci?c details. In other instances, 
Well knoWn features have not been described in detail so as 
not to obscure the invention. 

[0068] In one or more embodiments of the present inven 
tion, the apparatus and methods described herein provide the 
capability to lock the input and output video frame rates (i.e. 
frequency) at a user speci?ed output resolution. In a typical 
application, videos from multiple sources arrive With dif 
fering frame rates and resolutions. These input video signals 
are scaled to match the output 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. 

[0069] The various methods for modifying the input video 
signal to desired output resolution include: video scaling, 
line doublers, and quadruplers. These methods are discussed 
in more detail in the background. HoWever, Whatever the 
desired output resolution, fuZZiness may occur When sWitch 
ing betWeen multiple video sources or When, for example, a 
camera is panned at a reasonable rate of speed. Because the 
input video data is Written into memory before scaling 
occurs. If the Writing and reading pointers are not synchro 
niZed, some 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 an entire input frame can be read and 
displayed at the output, and at the desired output resolution. 

[0070] Typically, a Phase Locked Loop (PLL) is used to 
achieve synchroniZation. A PLL is a closed loop feedback 
system Where the frequency of one signal (the sync pulses 
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from the output of a frequency generator) is controlled by 
varying the input to a variable frequency generator so that it 
is locked in phase With the sync pulses from a reference 
source. This is accomplished by comparing the phase of a 
reference oscillator output With the phase of the output of a 
Voltage Controlled Oscillator (VCO) (Where the VCO is the 
variable frequency 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. 

[0071] 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 the clock for 
different applications. In a PLL, the VCO output is fed back 
through a programmable divider and compared With a 
reference frequency in a Phase Detector. The reference 
frequency is usually passed through a reference divider in 
practical applications. The reference is usually a crystal 
oscillator, VCXO (Voltage Controlled Crystal Oscillator), 
but might be the output of 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. 

[0072] FIG. 6 is a block diagram of typical phase locked 
loop. The input to the PLL is the output of a reference 
oscillator, usually a crystal oscillator, Which is fed through 
a frequency divider at block 602 to generate the desired (i.e. 
reference) 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. Output of block 610 is 
the generated frequency from the Voltage Controlled Oscil 
lator (VCO) block 608 divided by a PLL divider value. For 
loop stability, the phase error is ?ltered in block 606 before 
being used to adjust the VCO. When the loop stabiliZes, the 
output of block 610 is locked in phase (i.e. there is no phase 
difference) With the reference output of block 602. 

[0073] In a typical system, the VCO operates at a fre 
quency an order of magnitude higher than the reference. For 
eXample, assuming a desired frequency step of 25 KHZ and 
a crystal reference frequency of 4MHZ. In this case the 
reference divider Will divide the crystal reference by 160 
(4MHZ divide 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). 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. 

[0074] The ?nal component in the PLL system is the loop 
?lter. This is necessary because a typical phase detector does 
not generate a “DC” error voltage but 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 ?lter integrates (or averages) the PD 
output to produce a smooth error voltage. 

[0075] The phase detector may be integrated into the PLL 
chip along With programmable reference and main dividers 
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and digital control circuitry. There are several possible 
embodiments of phase detector circuits. Most modern PLL 
chips use a charge pump circuit. The output of the charge 
pump is a logic level pulsed Waveform, Which is integrated 
to produce the VCO control signal. The loop ?lter integrates 
the pulsed output from the phase detector to produce a 
smoothed “DC” VCO control voltage. Varying the compo 
nent values in the ?lter sets the PLL performance. 

[0076] As discussed earlier, the PLL divider is an integer 
number. In that discussion, the numbers Were conveniently 
chosen to produce integer numbers When the frequencies 
Were scaled doWn for input into the phase detector. In 
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 application. 

[0077] 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. Where 1024 is the output 
horiZontal resolution, and 768 is the output vertical resolu 
tion. Resolutions are speci?ed 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 total resolution is used to compute the 
desired clock rate (i.e. output frequency of the VCO). When 
the phase error betWeen the reference and the VCO output 
is Zero, the folloWing equation applies: 

VCXO Freq 
Reference Divider _ 

_ VCO Output Frequency 

PLL Divider 

[0078] The desired VCO output, that is the frequency 
required to lock the input and output frame rates, is the 
frequency required to read the entire output piXel data in the 
same frame as the input data. Therefore, VCO output is 
given by: 

VCO Output=(Vert Input Freq) (Output Vert Res) (Out 
put Hor Res) 

[0079] Substituting and sovling for the PLL divider value 
results in the folloWing equation: 

(Vert Input Freq)(Output Vert Res)(Output Hor Res) 
PLL DWIDER : (VCXO Freq) /(Reference Divider) 

[0080] Substituting a VCXO nominal frequency of 
27,000,000 HertZ, and a 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 hard 
Ware limitations. Thus, the fractional part (i.e. .562) must be 
discarded resulting in a PLL Divider value of 2462. Back 
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calculating for the desired VCXO nominal frequency 
required to 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 FIG. 4, due to the inability to account for the fractional 
part of the PLL Divider, there is a relative motion betWeen 
the output vertical sync pulse 406 and the input vertical sync 
pulse 408 because their frequencies are not locked. To lock 
in phase, both frequencies must be equal. 

[0081] In general, the reference divider and the VCXO 
frequency are selected such that the output reference fre 
quency (i.e. VCXO freq / Reference divider) is as loW a 
frequency as possible for the PLL to lock on to and maintain 
loW jitter. The output reference frequency cannot be too loW 
because as the frequency decreases the PLL must have a 
higher PLL divider to compensate, Which causes more jitter 
and less stability. Also, on the high end the output reference 
frequency is the smallest 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 thezSOO to 11000 ppm range (parts per 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. 

[0082] The desire to sWitch betWeen multiple video 
sources, formats, and to display a Wide variety of user 
selectable resolutions, makes it impossible to choose a ?Xed 
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 multi 
plied by the output vertical resolution and the output hori 
Zontal 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 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. 

[0083] To provide consistent lock in the case Where a user 
speci?es different output resolutions, tWo Phase Lock Loops 
are attached in series as shoWn in FIG. 7. FIG. 7 is a block 
diagram of tWo Phase Lock Loops attached in series, in 
accordance With an embodiment of the present invention. 
The block 702, PLL1, is the original PLL and block 704, 
PLL2, is the additional PLL for accommodate the fractional 
part of the PLL Divider, as discussed above. The closest 
possible integer number (N) is used for the PLL Divider In 
the PLL block 702 to generate the piXel clock (output 
frequency), Which feeds into the vertical sync generator, 
block 706, to generate the output vertical sync pulse 
(Vs_out). To account for the lost fractional part of the PLL 
Divider, a second Phase Locked Loop, block 704 is added in 
series to provide the necessary adjustment to the input 
vertical sync pulse (Vs_in). More detailed descriptions of 
the operation and contents of each block are provided beloW. 

[0084] A single Phase Locked Loop may be used; hoW 
ever, the required output frequency (pixel clock) of more 












