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(57) Claim

1. A method of processing a video signal representing

a scene, wherein the video signal hap a key signal 

associated therewith, comprising combining the video signal 

with a second signal having a value which is a measure of 

depth of the scene aS a function of position, the second 

signal being cota&lned with the video signal by using the 

second signal to control the manner in which the 

first-mentioned key signal is mixed with a second key signal 

to generate a third key signal, the third key signal being 

used to control mixing of the first-mentioned video signal 

with a second video signal.

3. Apparatus for processing a video signal comprising:

a reverse address generator of a reverse transform 
system for providing a second signal having a value which is 

a measure of depth of a scene represented by the video 

signal as a function of position; and

means for combining the video signal with the 

second signal.
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METHOD AND APPARATUS FOR PROCESSING
A VIDEO SIGNAL DweMS\OteS

This invention relates to a method and appara­
tus for processing a video signal.

5
Background of the Invention

A television picture is a representation in 
substantially planar form of a scene that is com­
posed by the producer of a television program. The

10 scene may be composed of tangible objects, or it 
may be at least partially synthesized by artificial 
means-, e.g. a television graphics system, so that 
the source of the video signal representing the 
scene is not a camera or a film scanner but a frame 

, 15 buffer and a computer used for adjusting the con­
tents of the frame buffer. Generally the scene is 
made up of two component scenes, namely a fore­
ground scene and a background scene, that are com­
bined using a travelling matte technique. For

20 example, the foreground scene might contain an 
annulus against a solid color matte and the back­
ground scene a square against a screen of contras­
ting color, as shown in FIGS. 1(a) and 1(b) respec­
tively, so that when the foreground and background

25 scenes are combined the resulting picture has the 
appearance shown in FIG. 1(c).

A transform system operates on the video sig­
nal representing a scene, and may be used to carry 
out a spatial transformation on the scenes For

30 example, the scene may be displaced to the right. 
If the foreground video signal representing the 
FIG. 1(a) scene is applied to a transform system 
which carries out a transformation on the signal 
such that the transformed signal represents the

35 scene shown in FI'S. 1(d), in which the annulus of
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th*  FIG. 1(a) scene has been shifted to the right, 
then the signal obtained by combining the trans­
formed foreground signal with the background signal 
might represent the picture shown in FIG. 1(e). 
Most transform systems are of two main kinds, known 
as the forward transform system and the reverse 
transform system. FIG. 2 represents a frame-based 
reverse transform system based on principles that 
are known at present. It is believed that the FIG. 
2 system does not exist in the prior art, and it is 
being described in order to provide information 
that will be useful in understanding the invention.

The transform system shown in FIG. 2 operates 
by digitizing the input video signal under control 
of a write clock 10 and writing the resulting 
sequence of digital words

into a video frame buffer 12 using addresses 
generated by a forward address generator 14. The 
input video signal is derived from an analog Com­
posite video signal in conventional interlaced 
format by separating it into its components (nor­
mally luminance and chrominance) and digitizing 
each component. The frame buffer 12 therefore 
lias memory for storing the luminance com­
ponent and a memory for storing the chrominance 
corr onents. However, since the components are 
acted on in like manner in the transform system, it 
is not necessary to consider the components sepa­
rately. The operation of digitizing the video 
signal effectively resolves each raster line of the 
picture into multiple pixels, e.g, 720 pixels, that 
are small, but finite, in area. The location of a 
pixel in the scene can be defined by a two-coor­
dinate display address (U, V) of the input screen 
(FIG. 1(a), e.g.). The address space of the video
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frame buffer is organized so that there is one-to- 
one correspondence between the display addresses 
and the memory addresses generated by the forward 
address generator 14. Thus, the digital word

5 representing the pixel having the display address 
(U, V) is written into the frame buffer 12 at a 
location that has a memory address that can be 
expressed as (U, V).

In c.'der to read an output video signal from
10 the frame buffer 12, a read address counter 16 

operates under control of a read clock 17 to gene­
rate a sequence of addresses (X, Y) defining the 
locations in the output screen (FIG. 1(d)) of the 
pixels that will be successively addressed. The

15 coordinate values X and Y each have the same number 
of significant digits as the coordinate values U 
and V respectively. Accordingly, the display 
addresses (X, Y) define the same possible pixel 
positions in the output display space as are

20 defined in the input display space by the display 
addresses (U, V). However, the display addresses 
(X, Y) are not Used directly to read the output 
video signal from the frame buffer. A reverse 
address generator 18 receives the output scene

25 display addresses (X, Y) and multiplies them by a 
transform matrix Τ' to generate corresponding 
memory addresses (X', Y') which are used to read 
the video signal from the frame buffer. The trans­
form matrix Τ' is applied to the reverse address 

30 generator 18 by a User interface 19, and defines 
the nature of the transform that is effected by the 
reverse transform system. If, for example, it is 
desired to effect a transformation in which t».e 
input scene is displaced diagonally upwards and to

35 the left by an amount equal to the inter-pixel
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pitch in the diagonal direction, the transform matrix 
would be such that the memory address (X*,  Y') that 
is generated in response to the display address (X, 
Y) would be (X+l, Y+l), assuming that the origin of 
the coordinate system is in the upper left corner of 
the input and output scene, and values of X and Y 
increase to the right and downwards respectively.

general case, it is hot. sufficient for 
of X' and Y' to be related to X and Y by 
subtraction of integers, and therefore 

address coordinates X' and Y‘ have more 
digits than the 
Y. The reverse 
frame buffer 12

For each

display address coordi- 
addresses are applied not 
but also to a video 
reverse address (X1,

«

20

25

30

In the
the values 
addition or 
the memory 
significant 
nates X and 
only to the
interpolator 20. 
the frame buffer outputs the respective digital 
representing an array of pixels surrounding the

For exam­
pixels 
(X‘, Y') 
are applied

γ·), 
words 
point

defined by the reverse address (X', Y'). 
pie, the data words representing the four 
nearest the point defined by the address 
might be provided. These four data words
to the interpolator 20, and the interpolator combines 
these four digital words into a single digital output 
word based on the fractional portion of the address 
(X1, Y'). For example, using decimal notation, if 
the least significant digit of each coordinate X and 
Y is unity but the least significant digit of the 
coordinates X' and Y' is one-tenth, 
16 generates the read address (23, 
verted to a reverse address (56.3, 
multiplied by the transform matrix
buffer 12 responds to the reverse address (56.3, 
19..8) by providing the digital words stored at the 
addresses (56, 19), (56, 20), (57, 19) and (57, 20) 
and the interpolator 20 combines them into a single

and the counter 
6) which is con- 
19.8) by being 
Τ', the frame

35
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digital output word by weighting them 3:7 in the 
horizontal direction and 8:2 in the vertical direc­
tion. This digital word defines the value that is to 
be generated at the location of the output screen

5 that is defined by the display address (23, 6).
, The range of possible reverse addresses is grea­

ter than the range of memory addresses defining loca­
tions in the frame buffer 12, so that a validly- 
generated reverse address might define a location 

10 that does not exist in the frame buffer's address 
space. Therefore, the reverse addresses are also 
applied to an address limit detector 22 which res­
ponds to an invalid reverse address (an address which 
defines a location outside the address space of the 

15 frame buffer 12) by providing a signal which causes a 
video blanker 24 to inhibit the output signal of the 
frame buffer.

In parallel with the video channel comprising 
the video frame buffer 12, the video interpolator 20 

20 and the video blanker 24 is a key channel comprising 
a key frame buffer 26, a key interpolator 28 and a 
key blanker 30. A key signal that is applied to the 
key channel provides opacity information about the 
foreground video signal applied to the video channel. 

25 This opacity information defines where and the extent 
to which a background scene represented by a back­
ground video signal can be seen in a composite pic­
ture (FIG. 1(c)) formed by mixing the foreground and 
background video signals under the influence of the 

30 key signal. Outside the boundaries of the foreground 
objects, the foreground scene is transparent (key=0) 
and the background scene is seen without modification 
by the foreground scene. If a foreground object is 
fully opaque (key=l), the background scene is fully 

35 obscured by the foreground object, but if a fore-

4
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ground object is only partially transparent (0 < key 
< 1) the background video signal is mixed with the 
foreground video signal in proportion to the value of 
the key. Because the foreground scene is transformed 

5 by the video channel, it is necessary to transform 
the key in the identical manner in order to maintain 
congruence between the foreground scene and the key. 
Therefore, the key signal is processed in the key 
channel in the same way as the foreground signal is 

10 processed in the video channel. Thus, the key signal 
undergoes the same spatial transformation and inter­
polation as the foreground signal, and is subject to 
the same address limit blanking.

The transform matrix Τ' must be the mathematical 
15 inverse of the desired spatial transform T, and there­

fore this known transform system is called a reverse 
transform system.

It will be understood that even though a tele­
vision picture is strictly two dimensional (X and Y), 

20 a third dimension (Z) must be accommodated if effects 
simulating movement towards or away from the viewpoint 
are to be provided. Accordingly, a reverse transform 
generator must normally have available to it, and 
carry out computations using, signals representing 

25 pixel positions in three dimensions.

30

-Summary-of—the—Tovent-io;

In a preferred embodiment of the present in­

 

vention, a video signal representing a scene is pro- 
i with a second signal having a

cessed by combining 
value which Is a measure 

function of position.
the depth of the scene as a

35
Brief Description of th^KDrawings

1 F or - a -be tter—undai’6-t>n<ling—of

,4
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Summary of Invention

The present invention provides a method of 

processing a video signal representing a scene, wherein the 

video signal has a key signal associated therewith, 

comprising combining the video signal with a second signal 

having a value which is a measure of depth of the scene as a 

function of position, the second signal being combined with 

the video signal by using the second signal to control the 

manner in which the first-mentioned key signal is mixed with 

a second key signal to generate a third key signal, the 

third key signal being used to control mixing of the 

first-mentioned video signal with a second video signal.

The present invention also provides a method of 

processing a video signal representing a scene comprising 

combining the video signal with a second signal having a 

value which is a measure of depth of the scene as a function 

of position, wherein the video signal and the second signal 

are combined by subtracting the second signal from a third 

signal, the third signal having a value which is a measure 

of depth of a second scene represented by a second video 

signal as a function of position, to form a fourth signal 

having a value which is a measure of difference in depth of 

the two scenes, and using the fourth signal to control the 

mixing of the first-mentioned video signal with the second 

video signal.

The present invention also provides a method of 

processing a video signal representing a scene comprising 

the steps of:

generating a depth signal from a transformation 

function for the video signal, the depth signal having a 

depth value for each pixel of the scene;

generating a perspective key signal from the depth 

signal; combining the video signal with a second signal 

under control of the perspective key signal to produce an 

output video signal; and
combining a key signal associated with the video 

signal with a third signal under control of the perspective
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key signal to produce an output key signal.

The present invention also provides apparatus for 

processing a video signal comprising:

a reverse address generator,of a reverse transform 

system for providing a second signal having a value which is 

a measure of depth of a scene represented by the video 

signal as a function of position; and

means for combining the video signal with the 

second signal.

The present invention also provides apparatus for 

processing a video signal comprising:

means for providing a second signal having a value 

which is a measure of depth of a scene represented by the 

video signal as a function of position; and

a video mixer having a first input port connected 

a second input port connected 

second video signal, and a control port 

receive said second signal.

present invention also provides apparatus for 

video signal comprising:20

25

which 

video

a key 

input 

for receiving

30

35
ftt <: ■
* * 
« t

t
« 4 6 4 4 t

to receive the video signal,

to receive a 

connected to

The

processing a

means for providing a second signal having a value 

is a measure of depth of a scene represented by the 

signal as a function of position; and

a key mixer having a first input port for receiving 

signal associated with the video signal, a second 

port for receiving a second key signal, a control port 

said second signal, and an output port for

providing a third key signal.

The present invention also provides apparatus for 

processing a video signal comprising:

means for providing a second signal having a value 

which is a measure of depth of a scene represented by the 

video signal as a function of position;

a video mixer having a first input port for 

receiving the first-mentioned video signal, a second input 

port for receiving a second video signal, and a control 

and
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means for subtracting said second signal from a 

signal having a value which is a measure of depth of a scene 

represented by the second video signal as a function of 

position so as to provide a relative, depth signal, the

5 relative depth signal being applied to the control port of 

the video mixer.

The present invention also provides apparatus for 

processing a video signal comprising:

means for generating a first depth signal from a

10 trans-formation function for the video signal, the first 

depth signal having a depth value for each pixel of a scene 

represented by the video signal;

means for generating a relative depth key signal 

from the first depth signal and a second depth signal, the

15 second depth signal having a depth value for each pixel of a 

second scene represented by a second video signal; and

means for combining the first-mentioned and second 

video signals and associated first and second key signals

, under control of the relative depth key signal to produce an
e «44 < s

* * 20 intersecting planes video signal and a key output signal.
ft f «

The present invention also provides apparatus for 

processing a video signal comprising:

t>· means for generating a depth signal from a
**,, transformation function for the video signal, the depth

25 signal having a depth value for each pixel of a scene 

represented by the video signal;

means for generating a perspective clip signal from 

the depth signal; and

means for blanking the video signal and an

30 associated key signal in response to the perspective clip 

signal when the perspective clip signal indicates that a 

portion of the scene is in front of a reference plane to 

produce clipped video and key signals.

The present invention also provides apparatus for

35 processing a video signal comprising:

means for generating a depth signal having a depth
ft &

value for each pixel of a scene represented by the video
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signal;

means for generating a perspective dim key signal 

from the depth signal; and

means for combining the video signal with a black

5 signal under control of the perspective dim key signal to 

produce a dimmed video signal.

The present invention also provides apparatus for 

processing a video signal comprising:

means for generating a depth signal having a depth 

10 value for each pixel of a scene represented by the video 

signal;

means for generating a perspective fade key signal 

from the depth signal; and

means for combining a key signal associated with

15 the video signal with a zero value signal under control of 

the perspective fade key signal to produce a fade key 

signal.

Brief Description of the Drawings

A preferred embodiment of the present invention

20 will now be described with reference to the

25

30
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: ‘ 35
0

δ a tu δ β
C φ



f

Ί

—to-show-how-bhe same may be carried inLo eff^cty
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accompanying drawings in which:
FIG. 1 is a series of screens illustrating trans- 

5 formation of a foreground scene,
FIG. 2 is a block diagram of a 

reverse transform system, and
FIG. 3 is a block diagram of a reverse transform 

system that embodies the present invention.
10 In FIGS. 2 and 3, like reference numerals desig­

nate corresponding components»
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Detailed Description '
The special effects system shown in FIG. 3 is

15 based on a reverse transform system.
_ S'ome elements of the reverse

transform system have been omitted from FIG. 3 for the 
sake of clarity. In particular, the video channel and 
the key channel are shown as respective blocks 34 and 

20 36, and the address limit detector is not shown in
FIG. 3.

In spatial transformation of a two-dimensional 
scene, the pixel at a location having a display ad­
dress (X, Y) in the output screen is derived from a 

25 pixel at, a location having a display address (X’> Y’) 
in the input screen such that ‘

X· = AX 4 BY 4 C y, w DX + EY 4 F
GX 4 HY + I GX 4 HY 4 I

30
where the coefficients λ-I are field-constant values 
that define the spatial transformation.

The reverse address generator is shown in 
greater detail in FIG. 3 than in FIG. 2. The 

35 reverse address generator comprises a transform
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matrix generator 54 which generates the coeffi­
cients A - I that compose the reverse transform 
matrix Τ'. These coefficients are generated in 
response to signals received from an operator in- 

5 terface (I/F) indicating the nature of the trans­
formation to be executed. The three groups of 
coefficients ArB,C; D,E,F and G,H,I are applied to 
respective processing circuits 56X, 56Y and 56Z. 
The processing circuits 56 each receive the address 

10 signal (X, Y) from the read address counter 16 and 
provide as their respective output signals the 
Values AX + BY + C, DX + EY + F and GX + HY + I. 
The output signals of the circuits 56X and 56Y are 
applied as numerator inputs to respective division 

15 circuits 58X and 58Y, each of which receives the 
output signal of the circuit 56Z as its denominator 
input. The output signals of the circuits 58X and 
58Y therefore represent X' and Y' respectively and 
are applied to the video and key channels» In

20 general, the coefficients A-F are used for flat 
transforms (X/Y scaling, Χ/Ϋ translation or Z-axis 
rotation), and the coefficients G-I are functions 
of the perspective viewpoint and the Z~location of 
the pixel having the display address (X'f Y')» X?

25 there is ho perspective (the viewpoint is infinlteu 
ly distant from the scene) or if no X- or Y-axis 
rotation er ζ-axis translation is galled foij S and 
H are each zero and I is one and the denornina^©r Of 
each equation is one. Conversely, a non-unity

30 denominator causes the values of X' and Y' to vary 
on a pixel-by-pixel (G not equal to zero), line-by­
line (H not equal to zero) and/or field-eonstant (X 
not equal tq one) basis» If the denominator . is 
less than unity, the pixel that was at the Joottion

35 (X, Y) (and has been transformed to the W*
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(X', Y*)>  appears to have moved away from the 
viewer, whereas if the denominator is greater than 
unity the pixel appears to have moved towards the 
viewer. Therefore, the denominator of the spatial 

5 transformation equations provides a measure of the 
apparent distance of a pixel from the viewer. Ac­
cordingly, the signal provided by the processing 
circuit 562 and having the value GX + HY + I is 
representative of the apparent depth of each pixel 

10 of the scene represented by the transformed video 
signal. The depth signal is applied to a perspec­
tive processor 60 that receives the transformed 
video and key signals from the video and key chan­
nels. The perspective processor has four distinct 

15 processing channels for the depth signal, namely a 
perspective dim channel, a perspective fade chan­
nel, a perspective clip channel and an intersecting 
planes channel.

In the perspective dim channel, the depth
20 signal is first applied to a subtraction circuit 62 

in which it is subtracted from a signal defining a 
datum value for the apparent depth. The datum 
value represents the apparent depth of a reference 
or start plane. If the apparent depth indicated i γ 

25 the depth signal is less than the datum value» this 
implies that the pixel is closer to the viewpoint 
than is the start plane, and the output signal of 
the subtraction circuit 62 is forced to zero and 
the depth signal has no effect on the output of the 

30 perspective dim channel. If the apparent depth 
indicated by the depth signal is greater than the 
datura value, the output signal of the subtraction 
circuit represents the depth of the pixel relative 
to the start plane.

35 The output signal of the subtraction circuit
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62 is,applied to a multiplier 64, in which the 
signal representative of relative depth is multi­
plied by a gain factor. The value of the gain 
factor can range from zero to very large (typically 

5 1024). If the gain factor is less than one, the
sensitivity of the following stages to the relative 
depth value is decreased, whereas if the gain fac­
tor is greater than one, the sensitivity is 
increased. The output of the multiplier 64 is 

10 applied to a clipper and shaper 66, in which the 
output signal of the multiplier is limited to a 
maximum value- of 1.0 and shaped so that the output 
signal of the clipper and shaper 66 has no slope 
discontinuities. This is done in order to ensure 

15 that the transition from no dimming (relative depth 
less than zero) to dimming (relative depth greater 
than zero) does not generate Mach bands. In a 
summation circuit 68, an offset value, which con­
trols a static dim, is added to the output signal 

20 of the clipper and shaper, and the sum is again 
clipped to 1.0. The resulting control signal is 
Used to drive the control port of a video mixer 70 
which receives the output signal of the video chan­
nel and black video at its signal ports respec- 

25 tively. The mixer 70 is set up so that the output 
signal from the video channel is passed without 
change for a control value of zero, black video is 
passed for a control value of one, and a propor­
tional mix is performed between the output signal 

30 of the video channel and black video for control 
values between zero and one. The output of the key 
channel is not affected by the control signal pro­
vided by the perspectives dim channel. The effect 
of perspective dim is that an increasing amount of 

35 black is mixed with the output signal of the video
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channel as the control value increases. Thus, as the 
apparent depth of the scene represented by the output 
signal of the video channel increases, temporally (frame-by 
-frame) and/or spatially (line-by-line or pixel-by-pixel), 

5 the scene becomes darker.
By subtracting the depth signal from the signal 

defining the datum value, the perspective dim effect i.s 
limited to pixels that are at a depth that is greater 
than that of the start plane. The static dim offset

10 establishes a minimum value for depth control signal 
provided by the perspective dim channel: even pixels that 
are at a depth that is less than that of the start plane 

“J'”? are subject to the static dim. The gain factor applied 
to the multiplexer 64 determines how rapidly the scone 

»"“*]5 dims as it recedes from the viewer.« < i « 
t·’·· The perspective fade circuit is similar to the

, perspective dim circuit, except that the control signal
is applied to a key mixer 80 instead of to the video mixer 
70. The output signal of the key blanker of the key 
channel 36 is passed without change to the background

20 mixer 32 for a control <Talue of zero, a zero key signal 
is passed to the mixer for a control value of one, and 
a proportional mix is performed between the output of

. the the key blanker and a zero key for control values 
between zero and one. Therefore, the key signal provided

25 at the output of the key mixer 80 varies in dependence 
on the key depth control signal from a minimum value of 
zero to a maximum value that is equal to the value of 
the output signal of the key channel. The output signals 
of the video and key mixers 70 and 80 are applied to the

30 background mixer 32 through a video combiner 84. The 
combiner 84 is of the same general type as that described 
and claimed in co-pending

35
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Patent Application Serial No. 836,945 filed March 
6, 1985,. and its operation will be described below. 
However, for present purposes it is assumed that 
the combiner has no effect on the output signals of 
the mixers 70 and 80. When the output signals of 
the video and key mixers are applied to the back-*  
ground mixer as foreground and video key signals, 
and the output signal of the key mixer changes in 
response to change in the key depth control signal, 
the opacity of the foreground scene in the picture 
represented by the full-field output signal of the 
mixer 32 changes: as the key value'is forced 
towards zero from one, the opacity of the fore­
ground scene decreases, with the result that the 
background mixer mixes in more background video and 
makes the foreground scene appear to fade into the 
background as it recedes from the viewer. The 
datum value, the static fade offset and the gain 
factor that are applied to the depth signal in the 
circuits 72, 78 and 74 respectively have analogous 
effects to the corresponding values applied to the 
depth signal in the perspective dim channel.

The perspective dim effect and the perspective 
fade effect may be invoked simultaneously. A sin­
gle perspective dim/perspective fade channel may be 
used to generate a depth control signal that is 
applied selectively to the control port of the 
mixer 70 and/or to the control port of the mixer 
80.

A television picture is seen in two dimen­
sions as a projection of a scene onto a projection 
plane. The projection occurs relative to the view­
point. When the scene is spatially transformed 
such that pixels move in the Z-direction, whether 
due to Z-axis translation or X- or Y-axis rotation,
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there is a possibility that pixels will be trans­
formed to locations that are behind the viewpoint. 
When that occurs, an inverted replica of portions 
of the transformed scene is created in the projec- 

5 tion plane. Since the viewer should not normally 
be able to see in the projection plane portions of 
the scene that lie on the other side of the viewer 
from the projection plane, it is desirable that 
these wrap-around portions of the scene be blanked.

10 It can be shown that wrap-around occurs when the 
denominator of the transform equations is negative. 
Therefore, the sign bit of the depth signal gene­
rated by the processing circuit 56Z is applied to 
one input of an AND gate 86 which receives an

15 on/off signal from the operator interface at its 
other input. The output of the AND gate 86 is 
applied to the blankers of the video and key chan­
nels. When the on/off signal is asserted, the sign 
bit of the depth signal is applied to the blankers

20 and inhibits the video and key signals in the event 
that the sign bit indicates that the depth signal 
has a negative value. When the ou/off signal is 
not asserted, the wrap-around portions of the scene 
are not suppressed in accordance with the value of 

25 the sign bit.
In the above-mentioned co-pehding application, 

it is explained how the priority of two video 
signals can be adjusted, causing one picture to 
overlay another, in dependence upon the value of a 

30 priority signal. The priority signal effectively 
weights the two key signals in complementary fash­
ion so that by adjusting the value of the priority 
signal the effective relative value of the key 
signals can be changed.

35 As shown in FIG. 3, the output signal (DEPTH
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1) of the processing circuit 56Z is applied to a 
subtraction circuit 90 which receives at its other 
input a signal (DEPTH 2) representing the depth of 
a second video signal VIDEO 2 which has an asso­
ciated key signal KEY 2. The DEPTH 2 signal may be 
generated by a reverse address generator similar to 
that shown at 18 in FIG. 3, or it may be generated 
using actual depth information. The resulting 
relative depth signal is applied to a multiplier
92, in which the relative depth value is multiplied 
by a gain factor, which may range from zero to a 
very large value (e.g. 1024), and the output of the 
multiplier is applied to a subtraction circuit 94 
in which it is offset by 0.5 and clipped to a range 
of 0.0 to 1.0. The offset and clipped signal is 
then applied to a shaper 96 in which it is shaped 
so that the resulting relative depth control signal 
has no slope discontinuities at zero or one. The 
relative depth control signal is applied to both 
the video mixer and the key mixer of the combiner 
84, which is illustrated in simplified form in FIG.
3. The combiner 84 is set up so that VIDEO 1 is 
passed for a relative depth control value of zero, 
VIDEO 2 is passed for a relative depth control 
value of one, and a proportional mix is performed 
between the two video signal values for values 
between zero and one. The 0.5 offset provided by 
the subtraction circuit 94 ensures that equal 
apparent depths (which would result in a relative 
depth value of zero) will cause an equal mix of 
VIDEO 1 and VIDEO 2.

The video signal that is applied to the video 
channel 34 is an unshaped video signal, i.e. it has 
not been multiplied by an associated key signal. 
Preferably, the foreground video signal that is



14a.

applied to the

Shaping may be

that disclosed

between the video channel 34 and the^background mixer 32.

5

background mixer 32 is a shaped video signal, 

accomplished in a shadow processor, such as 

in U.S. Patent No. 4,689,681 incorporated

10

15

20
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video signal 
shadow processor, 
pending Applicate
October, 
betweon/the video

9

Shaping may be^accomplished in a 
such that disclosed in co­

Serial No. 922 906 filed 10th ” ' 
incorporated 

channel 34 and the background

It will be appreciated that the present inven­
tion is not restricted to the particular embodiment 
that has been described and illustrated, and that
variations may be made therein without departing 
from the scope of the invention as defined in the
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appended claims and equivalents thereof. For 
example, it is not essential to the invention that 

15 the depth control signal be generated by the 
reverse address generator of a reverse transform
system and, as indicated in connection with the 
discussion of the inputs to the subtraction circuit 
90, a signal representative of depth may be derived 

20 independently of the reverse transform generator,
e.g. by a separate address generator. Use of data 
explicitly representing depth, instead of impli­
citly as in the case of the output of the reverse 
transform generator, has the advantage that it

25 provides a more reliable indication of actual 
depth. Of course, the invention is not restricted 
to use in connection with a reverse transform
system.

30

I
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

| 1. A method of processing a video signal representing

1 a scene, wherein the video signal has a key signal

i associated therewith, comprising combining the video signal

with a second signal having a value which is a measure of 

r depth of the scene as a function of position, the second

• signal being combined with the video signal by using the

second signal to control the manner in which the 

first-mentioned key signal is mixed with a second key signal 

to gen·’'ate a third key signal, ths third key signal being 

used to control mixing of the first-mentioned video signal 

j with a second video signal.
I ! ■ : :

il· : . . . ■ . :
h 2. A method of processing a video signal representing

j a scene comprising combining the video signal with a second
| signal having a value which is a measure? of depth of the

scene as a function of position, wherein the video signal 

and the second signal are combined by subtracting the second 

' signal from a third signal, the third signal having a value
■ ‘ which is a measure of depth of a second scene represented by

, a second video signal as a function of position, to form a

fourth signal having a value which is a measure of 

difference in depth of the two scenes, and using the fourth 

signal to control the mixing of the first-mentioned video 

signal with the second video signal.

3. Apparatus for processing a video signal comprising:

a reverse address generator of a reverse transform 

system for providing a second signal having a value which is 

a measure of depth of a scene represented by the video

I > signal as a function of position; and

t! means for combining the video signal with thes . ' ■
second signal.

0 0*·4 a a : '4 8 :
00 4. Apparatus for processing a video signal comprising:

* ’ means for providing a second signal having a Value
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which is a measure of depth of a scene represented by the 

video signal as a function of position; and

a video mixer having a first input port connected 

to receive the video signal, a second input port connected 

to receive a second video signal, and a control port 

connected to receive said second signal.

5. Apparatus for processing a video signal comprising:

means for providing a second signal having a value 

which is a measure of depth of a scene represented by the 

video signal as a function of position; and

a key mixer having a first input port for receiving 

a key signal associated with the video signal, a second 

input port for receiving a second key signal, a control port 

for receiving said second signal, and an output port for 

o providing a third key signal,
&
0 6. Apparatus for processing a video signal comprising:

means for providing a second signal having a value 

which is a measure of depth of a scene represented by the 

video signal as a function of position;
a video mixer having a first input port for 

receiving the first-mentioned video signal, a second input 

port for receiving a second video signal, and a control 

port; and

means for subtracting said second signal from a 

signal having a value which is a measure of depth of a scene 

represented by the second video signal as a function of 

position so as to provide a relative depth signal, the 

relative depth signal being applied to the control port of 

the video mixer.

7. Apparatus for processing a video signal comprising:

means for generating a first depth signal from a 

trans-formation function for the video signal, the first 

depth signal having a depth value for each pixel of a scene 

represented by the video signal;
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means for generating a relative depth key signal 

from the first depth signal and a second depth signal, the 

second depth signal having a depth value for each pixel of a 

second scene represented by a second, video signal; and 

means for combining the first-mentioned and second 

video signals and associated first and second key signals 

under control of the relative depth key signal to produce an 

intersecting planes video signal and a key output signal.

8. Apparatus as claimed in claim 7, further comprising 

means for mixing the intersecting planes video signal with a 

third video signal under control of the key output signal to

; produce a processed video signal.

9. Apparatus for processing a video signal comprising:

ΐ means for generating a depth signal from a
i %·/’ transformation function for the video signal, the depth

, ,"β·°β signal having a depth value for each pixel of a scene
# δ ft 9 

represented by the video signal;

means for generating a perspective clip signal from 

the depth signal; and

means for blanking the video signal and an 

associated key signal in response to the perspective clip 

signal when the perspective clip signal indicates that a 

portion of the scene is in front of a reference plane to 

produce clipped video and key signals.

| 10. Apparatus as claimed in claim 9, further comprising

| means for mixing the clipped video signal with a second
![ video Signal under control of the clipped key signal to

produce a processed video signal.

: y
.. 11. Apparatus for processing a video signal comprising:

means for generating a depth signal having a depth 

value for each pixel of a scene represented by the video 

signal;

means for generating a perspective dim key signal



19.

from the depth signal; and

means for combining the video signal with a black 

signal under control of the perspective dim key signal to 

produce a dimmed video signal.

12. Apparatus as claimed in claim 11, further 

comprising means for mixing the dimmed video signal with a 

second video signal under control of a key signal associated 

with the video signal to produce a processed video signal.

13. Apparatus as claimed in claim 11 or 12, further 

comprising:

means for generating a perspective fade key signal 

from the depth signal; and

means for combining a key signal associated with 

the video signal with a zero value signal under control of 

the perspective fade key signal to produce a fade key 

signal.

14. Apparatus as claimed in claim 12, further 

comprising means for mixing the dimmed video signal with a 

second video signal under control of the fade key signal to 

produce a processed video signal,

15. Apparatus for processing a video signal comprising: 

means for generating a depth signal having a depth

value for e&eh pixel of a scene represented by th© video 

signal}

means for generating a perspective fade key signal 

from the depth signal; and

means for combining a key signal associated with 

the video signal with a zero value signal under control of 

the perspective fade key signal to produce a fade key 

signal,

16. Apparatus as claimed in claim 15, further 

comprising means for mixing the video signal with a second

i
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video signal under control of the fade key signal to produce 

a processed video signal.

17. A method of processing a video signal representing

a scene comprising the steps of;

generating a depth signal from a transformation 

function for the video signal, the depth signal having a 

depth value for each pixel of the scene;

generating a perspective key signal from the depth 

signal; combining the video signal with a second signal 

under control of the perspective key signal to produce an 

output video signal; and

combining a key signal associated with the video 

signal with a third signal under control of the perspective 

key signal to produce an output key signal.
fteesee

. 0 .

\\*··  18. A method as claimed in claim 17, further comprising

the step of mixing the output video signal with a second

,,,, video signal under control of the output key signal to

’■ produce a processed video signal.
i . ' ■ ■"

19. A method as claimed in claim 1, 2 or 17,

substantially as herein described with reference to the 

accompanying drawings.

, 20. Apparatus as claimed in claim 3, 4, 5, 6, 7, 9, 11

or 15, substantially as herein described with reference to 

the accompanying drawings.

DATED this 30th day of October, 1989.

THE GRASS VALLEY GROUP, INC.

WATERMARK PATENT & 
TRADEMARK ATTORNEYS, 
50 Queen Street, 
Melbourne, Victoria, 
AUSTRALIA.
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