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EFFECTING VIDEO TRANSITIONS BETWEEN VIDEO STREAMS

Background of the Invention

The invention relates to effecting video

transitions between video streams.

5 In editing of video 1in the creation of a wvideo
program, it is often desirable to provide a gradual
transition from one video stream to another video stream.

For example, in a wipe transition, a line may move across
the screen from left to right, with the old scene

10 gradually disappearing at the right while more and more of
the new scene appears at the left. In a so-called "iris
wipe," the boundary is an expanding circle, and one video
stream appears in an expanding circle, and the other 1is
outside of the circle. A solid color could also be used

15 as one stream to provide an i1mage that gradually appears
or disappears across the screen or an i1mage that gradually
expands or contracts.

Referring to Fig. 1, transitions can be created at

a video combiner 10 having a first wvideo i1nput 12 for a
20 first video stream, a second video input 14 for a second
video stream, a key input 16 to receilve key wvalues
indicating how the two 1nputs are to be combined, and a
video output 18 for the output video that 1s some
combination of the two inputs. The video streams 1nclude
25 frames (each frame providing an image for a screen) made
up of horizontal lines, each of which includes individual
"pixels" (picture elements) across the line. Each pixel
value includes a number of bit values that describe the

color and intensity at that particular pixel at a

30 particular time. New frames are provided at the video
rate, e.g., 30 frames per second, and the video streams
include sequential digital data describing sequential
pixel wvalues for lines of video data in a frame. The
pixels for the first and second video streams that are

35 input to combiner 10 are synchronized, as are the
associated key values. The key wvalue for a given pixel

indicates whether the output for that pixel i1s the input



10

15

20

25

30

35

CA 02385519 2002-03-20

WO 01/22739 PCT/US00/40944

from one stream or the other stream or a combilination of

the two.

While a unique key value could be stored and

accessed for each pixel 1n each frame, to reduce

p—

bandwidth, a single table of gamma values (also referred

to as gradient values herein) can be used. For example, a
single table with one value for each pixel can be used to
define the wipe over the sequence of frames. In the
table, the gamma value essentially indicates the time at
which the transition appears at that pixel. Fig. 2 is a
simplified diagram of a table of gamma values 20 for an
iris wipe of a square (instead of circular) transition.

(A real table for NTSC would have 720 horizontal entries
and 480 vertical entries.) As the time goes from frames 1
to 2 to 3 etc, a "threshold" wvalue similarly goes from 1
to 2 to 3 etec (or 1, 1, 2, 2, 3, 3 or 1, 2, 3, 3, 4 to
spread things out, though the latter example would not be

uniform). The threshold i1is compared to the value in the

table to determine the key value (e.g., a 0 key wvalue

meaning all of video stream A, a 100 key value meaning all

of video stream B, and a 50 key wvalue meaning eqgual
amounts of A and B) that 1s fed to the mixer. The key
values that are generated cause the video output to switch
over from one video 1nput to the other. As the threshold
increases, the boundary of the transition provided by use
of the Fig. 2 table expands. The following algorithm
employs a direct comparison that provides an abrupt
transition as the threshold goes from 0 to 4, as shown in

displays 22, 24, 26, 28, 30 1in Figs. 3A-3E, respectively.

If (gradient <threshold)
then wipe = transparent

else

wlpe = opagque

"Softness" can be added to the key wvalues generated so

that the change from one video to the other is not abrupt

but instead i1s gradual (with decreasing amounts of one
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video stream and 1increasing amounts of another) in a
discrete number of adjacent pixels as the transition
passes a pixel location. For example, the following

algorithm can be used to produce a gradual transition

region N pixels wide.

If (gradient < {(threshold -N) then
wipe = transparent

else if (gradient >= (threshold-N) AND (gradient < threshold) then
wipe = % ‘opaque  (1-(threshold - gradient) /N)

else if (gradient >= threshold) AND (gradient < (threshold + N)) then
wipe = ' ‘opaque’ (1 + (gradient - threshold)/N)

else if (gradient >= (threshold +N))

wilipe = opaque

With this algorithm, the transition from one video stream

to the other is linear, though the human eye sees

brightness more as a cube root function. Also, the
threshold may only be moved on integer pixel boundaries,
which can cause abrupt changes 1n movement when the wipe
moves X pixXels in Y frames, and X and Y are not multiples

of each other.

Summary of the Invention

The invention features, 1n general, combining first

and second video streams 1nto a combined output wvideo

stream by using a gradient table listing gradient values

for pixels in a video frame to address a look up table of

key values, and combining pixel values of the first and

second video streams based upon respective key values read

from the look up table.

Particular embodiments of the invention may include

one or more of the following features. The video 1is

combined at a video combiner having an input for the first

video stream, an input for the second video stream, an
input for the key values, and a video output. New key

values are loaded 1nto the look up table between frames.
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The new values loaded 1nto the look up table provide a
nonlinear interpolation. The new values loaded into the
look up table provide a transition over a noninteger
number of pixels per frame. The new values loaded into
the look up table provide nonlinear softness on the edges
of the transition.

Embodiments of the invention may 1nclude one or
more of the following advantages. Use of a look up table
instead of thresholds permits one to create soft

transitions that vary in other than a linear way. The

look up table also permits one to move the transition
boundary by less than one pixel at one time.

Other advantages of the invention will be apparent
from the following description of a particular embodiment

thereof and from the claims.

Brief Description of the Drawings

Fig. 1 is a block diagram showing a prior art video
combiner for combining first and second video streams.

Fig. 2 1s a diagram of a prior art table of gamma
values used to generate key values for the Fig. 1 video
combiner.

Figs. 3A-3E are diagrams of sequentilal frames
showing a transition resulting from the table of Fig. 2.

Fig. 4 shows a video editing system.

Fig. 5 shows some of the components of a video
editing card used in the Fig. 6 system.

Fig. 6 1s a table providing an exponential mapping

of gradient wvalues into key values in the Fig. 4 system.

Figs. 7A-7E are a sequence of tables showing a
mapping of gradient values into key values that results in
moving a transition over a distance other than an integer

pixel in the Fig. 4 system.

Description of the Preferred Embodiment

Referring to Fig. 4, video editing system 40 1is

implemented by computer 42, video editing software 44
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running on computer 42, and video edltiling expansion card
46 plugged into computer 42. VTR 48 1s a source of wvideo
streams that can be stored on disk or other mass storage
50 and randomly accessed by computer 42. Keyboard 52 and
mouse 54 are user input devices, and monitor 56 1s used to
provide a video editing 1nterface i1ncluding display of a
program being created. An additional monitor (not shown)
can also be used to play the video program. U.S. Patents
Nos. 5,506,932; 5,488,695; 5,471,577; 5,909,250, which are
hereby incorporated by reference, describe video editing
systems implemented on a computer.

Referring to Fig. 5, video ediliting card 46 includes
on-board microprocessor 60, random access memory look up
table (RAM LUT) 62 and video combiner 70, which has first
and second video inputs 72, 74, key input 76, and video
output 78. RAM LUT 62 receives a stream of gradient
values from source of gradient values 90 at address pins
80. Typically, source 90 would be a RAM storing the
gradient table, and the RAM would be addressed with
sequential addresses to generate a stream of gradient
values. A new gradient value, for the next pixel 1n the
frame, is inputted with each pixel clock at address pins
80 of RAM LUT 62. New data values from microprocessor 60
are inputted via data pins 82 into RAM LUT 62 between each
frame.

In operation, RAM LUT 62 1s used to provide a
stream of key values to video combiner 70 in
synchronization with the pixel wvalues for video streams A
and B being inputted to inputs 72 and 74. At each pixel
clock, the pixel values for the next pixel in the line are
inputted to first and second video inputs 72, 74, and the

corresponding key value from RAM LUT 62 1is input to key

input 76. At each pixel clock a new gradient value 1s
read from the gradient table and applied to the address
pins 80 of RAM LUT 62, and at each pixel clock, a new key
value is read from RAM LUT 62. The video streams A, B

(Fig. 5) are delayed as necessary wlth respect to the
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gradient stream so that keys at key input 76 of wvideo
combiner 70 line up with respective pixel wvalues at video
inputs 72, 74 of video combiner 70. The video at output
78 is the combination of video A and B indicated by the
key value. Between each frame, new key values are loaded
into RAM LUT 62 by microprocessor 60.

While loading new key values into RAM LUT 62 is
more computationally intensive than setting a threshold
value, it 1s still significantly easier than generating
the entire wipe every frame, and much of the temporal
compression afforded by gradient wipes 1s still present.
RAM LUT 62 can be loaded with any desired type of
transition and 1s thus not limited to linear transitions
as with the algorithm described above in the Background
section. For example, at a threshold of 43, an
exponential transition (0 = all video A, 100 = all video
B) could be provided by the entries shown in the table of
Fig. 6. While the table has been truncated, it still
demonstrates a non-linear transition region.

RAM LUT 62 can also be used to move the transition
by less than one pixel at a time or by a noninteger wvalue.

Consider the following simple case, a hard edge threshold
at 57 to be moved to 59 over 4 frames. With a simple
threshold (as described above in the Background section)
one would need to repeat a threshold value in the seqguence
of four frames, e.g., use 57, 58, 58, 59 or 57, 57, 58, 59
Or a similar sequence. Even with a method for adding
softness to either side of the threshold (as described
above i1n the Background section), the threshold itself may
still only move an integer pixel every frame.

With RAM LUT 62, one can achieve a move from 57 to
58 over four frames using the entries in the tables in
Figs. 7A-7E. 1In essence, the transition can be moved one
pixel over four frames. This example has two
simplifications that are not limitations of the
architecture. The example (Figs. 7A-7E) does not have

softness (as noted above, any softness, linear or other,
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can be added), and the i1nterpolation method used is a
simple linear interpolation (any desired temporal change
can be employed by selection of the key wvalues in the
table) .

5 The values of the tables can be generated on video
editing card 46 or precomputed and stored on local memory
on video editing card 46 and easily loaded into RAM LUT 62
between frames.
Other embodiments of the 1nvention are within the
10 scope of the appended claims.

What is claimed 1s:
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1. A method of combining first and second video
streams 1nto a combined output video stream comprising

providing a gradient table listing gradient wvalues
for pixels in a video frame made up of lines of pixels,
each said gradient value relating to a time at which a
transition crosses sald pixel, said transition being from
said first video stream to said second videco stream,

readilng gradient values for sequential saild pixels
from said table,

using saild gradient values to address a look up
table of key values,

reading out key values addressed by said gradient
values, and

combining pixel values of said first and second

video streams based upon respective salid key values.

2. The method of claim 1 wherein said combining 1s
carried out at a video combiner having an input for said
first video stream, an i1nput for said second video stream,

an input for said key values, and a video output.

3. The method of claim 1, further comprising

loading new values 1nto said look up table between frames.

4. The method of claim 3 wherein said new values
loaded into said look up table provide a nonlinear

interpolation.

5. The method of claim 3 wherein said new values

loaded into said look up table provide a transition over a

noninteger number of pixels per frame.
6. The method of claim 3 wherein said new values

loaded i1nto said look up table provide nonlinear softness

on the edges of said transition.

7. Apparatus for combining first and second video
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streams into a combined output video stream comprising

circultry providing sequential gradient values from

a gradient table listing gradient values for pixels in a
video frame made up of lines of pixels, each said gradient
value relating to a time at which a transition crosses
said pixel, said transition being from said first wvideo
stream to sailid second video stream,

a random access memory look up table (RAM LUT) of
key values that 1s connected to be addressed by said
sequential gradient values of said gradient table, and

a video combiner connected to receive said key

values read from said RAM LUT and having inputs for first
and second video streams, sald combiner combining pixel
values of said first and second video streams based upon

respective said key values.

8. The apparatus of claim 7 further comprising a
processor that loads new values 1nto salid RAM LUT between

frames.

9. The apparatus of claim 8 wherein said processor
loads new values into said RAM LUT to provide a nonlinear

interpolation.

10. The apparatus of claim 8 wherein said processor
loads new values into said RAM LUT to provide a transition

over a noninteger number of pilxels per frame.

11. The apparatus of claim 8 wherein said processor
loads new values into said RAM LUT to provide nonlinear

softness on the edges of said transition.
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