
2266037    1 AN ELECTRONIC VIDEO PROCESSING SYSTEM The invention relates to
an electronic video processing system. The invention also relates to an
electronic video store. 5           A video graphics system is described in
our British Patent No. 2,089,625 and corresponding United States Patent No.
4,514,818, the teachings of which are incorporated herein by reference.
This system includes a touch tablet and stylus combination for 10
generating position signals designating the position of the stylus relative
to the touch tablet. The user or operative paints or draws (hereinafter
referred to simply as "paints") by selecting a colour and a so called brush
distribution from a range of predefined 15      colours and distribution
functions.  Movement of the stylus relative to the touch tablet causes the
generation of a series of position signals. In equipment according to  our
British patent no. 2,089,625, as currently manufactured and sold, 20
additional means are provided which allow the system to be configured to
perform picture composition in addition to painting. Some configurations
which allow composition are  described in our British patent no. 2,113,950
and in corresponding US patent no. 4,602,286 25      the teachings of which
are also incorporated herein by    



2 reference.  In such configuration, a store is provided having the
capacity to store two independent pictures, termed herein as the foreground
image and the background image respectively, and a further image 5
which is termed the control image or stencil.   The control image, like the
foreground and background images, can be created by the artist, using the
system in a painting mode.    The control  image usually comprises areas of
pixels having a maximum value which 10      represents  opacity  and  a
minimum  value  which represents transparency and is created so that in
effect it masks a selected part of the foreground image while exposing the
remainder. The control image is defined by eight bits and during creation
can be 15      displayed as a single colour superimposed on the foreground
picture.   The pixels of the foreground image and the control image are
read in parallel from the respective parts of the store and applied to a
linear interpolating circuit, which is rendered 20      operational during
an image preview mode and during an image  composition mode.         The
pixels  in  the background image are also read to the interpolating circuit
concomitantly with the reading of the foreground image pixels and the
control image pixels. 25           A manipulator under stylus control or
the control of other user operable means, changes the order of   



3 reading the foreground pixels and control  pixels relative to the
background pixels so as to effect a spatial transformation of the
foreground and stencil relative to the background. Whilst the system is in
5     preview mode, the artist can manipulate the stylus to effect a series
of desired transformations such as zoom, pan, scroll, rotate, and change
perspective. During a frame period the foreground image pixels in
transformed order and the background image pixels are 10     applied to an
image input of the interpolating circuit whist the control image is applied
to a control input thereof to act as a pixel-by-pixel interpolating co-
efficient. The output of the interpolating circuit is applied to the
picture monitor and displayed, but 15     without affecting any of the
pictures as stored.  The interpolation has the effect of causing the
display to represent the foreground image where the control image is opaque
and to represent the background image where the control image is
transparent,  simulating the 20      pasting or overlaying of the part in
the foreground image on the background. Using the stylus to vary the
spatial transformation, the artist can try various positions of the insert
onto the background image from the foreground image until he perceives a
desired 25      transformation.  Thereupon the artist, by producing a
predetermined "stick" command, switches the system to  



4 the composition mode. The foreground image pixels and background  image
pixels  are  then  read  to  the interpolating circuit and interpolated
under control of the control image pixels, the foreground image and 5
control image pixels being read in the transformation order prescribed in
the last try during the preview mode. The features and facilities provided
by the above discussed systems can be applied to television post 10
production in the form of an editing system in which a first or foreground
video clip is inserted into a second background video clip.  Such edition
systems nowadays have the ability to capture and retouch a frame of live
video, thereby enabling dynamic graphics 15      to be produced. Hitherto
known  editing  systems  vary  from manufacturer to manufacturer but
generally comprise the features shown in Figure 1 of the accompanying
drawings.  As shown  in Figure 1 of the accompanying 20      drawings  a
known editing  system  1 comprises  two sources 2 and 3, which may for
example be video tape recorders (VTRs), whose outputs are connected to  a
vision mixer 4 which together with the two sources 2 and 3 are controlled
by an edit controller 5.  The 25      system 1 further comprises a graphics
unit 6 such as the abovementioned system disclosed in our British 



5 patent 2,089,625 and an effects unit 7 by which spatial transformations,
such as those disclosed in our abovementioned British Patent 2,113,950, may
be applied to video from one or both of the sources 2 and 5      3. The
system 1 can be used to apply graphics and effects to video from one of the
sources, for example the source 2. In this mode of operation, a video clip
is output a frame at a time from the source 2 to the 10
effects/graphics unit 6, 7 where desired modifications are effected by the
user to the frame.  Once the frame has been modified it is transferred back
to the source 2 and the next frame in the clip is output to the unit 6, 7.
During modification the frame is output for 15     display on a monitor 8
so that the user can see the result of his modifications as they are made
to the frame. The system 1 can also be used to combine video clips from the
two sources 2 and 3, which clips may be 20     modified as described
hereinabove prior to being combined. One way in which the clips may be
combined is simply to join or splice  one clip to the end of the other or
to splice one clip or a portion of that clip into the middle of the other
clip. In this mode of 25      operation the edit controller 5 is made
responsive to 



an edit decision list which identifies the location of    6 each clip in
the two sources by for example its start frame and end frame, the number of
frames in the clip and where appropriate the frames between which a splice
is to be made.  A more sophisticated operation 5      which may also be
performed by the system 1 is that of combining two clips by dissolving
between the two clips.  In a dissolving operation the edit decision list
includes data identifying the number of frames in a dissolve. In response
thereto the edit controller 10      5 controls the mixer 4 to combine
corresponding frames in the two clips, for example in a weighted summing of
the frame data.  During this mode of operation frames from the source 2 may
be modified by the effects unit 7 before being passed to the vision mixer
4. 15           In all of the above discussed modes of operation the
resulting video output from the mixer 4 may simply be displayed on the
monitor 8 or it may be stored to enable further work to be carried out
subsequently. In the case where it is stored for subsequent work a 20
further VTR (not shown) will be required to record the video output. A
further VTR is necessary since both of the source VTRs 2, 3 will be engaged
in playing out the two video clips and therefore will not be available for
storing new frames as they are created. 



25           The abovedescribed system 1 may include a third VTR (not
shown) which is used to record the combined    7 clip output from the mixer
4.  Such a system is known as a three machine edit suite, since it
comprises three VTRs.  A further VTR may be added to the system as a third
source (not shown) to form a so-called four 5      machine edit suite.
During editing the third source is used to supply a moving black and white
key, known as a "mattle reel".  The key is related to the image in a clip
supplied by one of the sources 2, 3 and is used in the mixer 4 to key that
clip over the video 10      supplied by the other of the sources 2, 3.
Frames from the matte reel may be passed together with corresponding frames
from the source 2 to the effects unit for combination with respective
frames from the source 3 by the vision mixer 4. 15           One drawback
with the abovedescribed three and four machine edit suites is that often
more than one operation is required to produce a desired result and this
restricts   artistic  use  of  the   system. Furthermore,  it  is
impossible to create  graphics 20      dynamically, ie as the video clips
are run and this prevents subtle integration of the graphics with the video
resulting in a discernable difference between the live video and the
off-line graphics.   As a 



result, it is difficult to create first time around 25      exactly what
was intended and the creation process is therefore one of repeatedly
working and reworking a    8 piece until the desired result is achieved.
Another drawback is related to the use of VTRs to supply and record video
clips.  VTRs are sequential access devices and cannot simultaneously
playback and 5      record different video clips.   This means that a
separate VTR is required as a source for each video clip to be worked on
and at least one further VTR is required to record the video output from
the mixer. We manufacture and sell an editing system under 10      the
trade mark "HARRY".  In our HARRY system frames forming a video clip are
digitally encoded and stored in disk stores.  As is disclosed in our US
Patent No. 4,688,106, the teachings of which are incorporated herein by
reference, the video clips are read out of 15      the disc stores in
parallel.  Whilst this arrangement provides greater flexibility by
effectively allowing random access to the frames that constitute a clip, it
nevertheless requires separate disc stores for each of the video clips. 20
The present invention aims to overcome the above and associated problems.
According to one aspect of the invention there is 



provided an electronic video store comprising:  at least one  storing unit
for storing digital  data 25      representing multiple video frames; an
access circuit for providing random access input and output of video    9
frames to and from said at least one storing unit; and at least two ports
connected to the access circuit and each capable of transferring data to or
from the access circuit relating to a respective video frame at 5
video rate. According to another aspect of the invention there is provided
an electronic video processing system for combining a plurality of video
clips, the system comprising:  at least one storing unit  for 10
storing a multiplicity of video frames;  an access circuit for providing
random access transfer to and from the at least one storing unit of a
number of said video frames comprising plural video clips; at least two
ports connected to the access circuit and each 15      capable of
transferring data to or from the access circuit at video rate; a processor
responsive to a user operable input device for processing data from the at
least one storing unit representing user selected frames of at least two of
said plural video 20      clips to produce a combined video clip; and a
monitor for simultaneously displaying at least some of said 



multiplicity of video frames. Since each port enables random access to the
stored video frames, one port might for example be 25      used to read
frames relating to one clip from the store whilst the other port is used
simultaneously to    10 read frames relating to a second clip from the
store, thereby enabling simultaneous real-time processing and display of
the two clips by the system. The    combination  of  a  random  access
store 5      together with at least two input/output ports provides for a
system of far greater flexibility than has hitherto been possible. In the
practice of the invention each of the ports has sufficient bandwidth to
enable at least one 10      clip to be transmitted at video rate.  Since
there are at least two ports it is therefore possible to convey
simultaneously frames relating to at least two video clips from the store
for concurrent processing and/or display of the images represented thereby.
Thus, the 15      two ports enable a dissolve between two video clips to be
made as the data is required, without the need to store the dissolve clip
during its creation.   This facilitates  editing by allowing a dissolve to
be previewed before the data therefor is committed to 20      memory. 



The above and further features of the invention are set forth with
particularity in the appended claims and together with advantages thereof
will become clearer from consideration of the following 5      detailed
description of an exemplary embodiment of the invention given with
reference to the accompanying drawings. In the drawings: Figure 1 is a
schematic diagram of a prior art    12 system as already described
hereinabove; Figure 2 is a schematic diagram of a system embodying the
invention; Figure 3 is a schematic diagram of a video store; 5      and
Figure 4 is an exemplary display of video frames generated by the system of
Figure 2. Referring  now   to   Figure   2  of  the accompanying drawings
there is shown an electronic 10      video processing system 10 in which
video clip data is stored in a video store 11. The video data is input to
the video store 11 via an input selector 12 which includes both an analog
input 13 and a digital input 



14 to enable data to be input in either analog or 15      digital format
from an off-line bulk storage device or library (not shown) such as a VTR.
The video clip data is stored in digital form in the video store 11 and the
input selector therefore comprises a suitable converter for converting the
incoming clip data into 20      the required format.    The  input
selector  12  is connected to the video store 11 via two bidirectional data
paths 15, 16 each. capable of conveying a full frame of data at at least
video rate to and from the video store 11. 25           The video store 11
is shown in greater detail in Figure 3 of the accompanying drawings as
comprising a    13 compressor 17 which interfaces the two bidirectional
paths 15, 16 via two buffers 18, 19 to at least two disc packs 20, 21.
Each disc pack comprises for example two Fujitsu 2380 disc drive devices in
5     parallel.  Each pack 20, 21 requires two disc drives in order to
achieve the necessary bandwidth since each disc is only able to receive or
output data at approximately half broadcast standard video rate. For each
path 15, 16 to be able to convey data at 10      broadcast standard the
paths each require a bandwidth of approximately 21 M bytes per second. Each
Fujitsu disc drive has a bandwidth of approximately 16 M bytes 



per second. The four disc drives therefore have more bandwidth capacity
than is actually required.  This 15      extra capacity provides time  for
the discs to locate data for the next frame to be output during the next
frame period or to locate an area for storing the next frame during the
next frame period. Thus by providing two disc drives in parallel each disc
pack 20, 21 is 20      able to receive or output data at full broadcast
standard video rate (ie 25 or 30 frames per second) and the video store 11
is therefore able to output or store all the data for two full frames of
video. The buffers 18, 19 cooperate with the compressor 25      17 to
distribute data from the two bidirectional paths 15, 16 to the disc packs
20, 21 when data is being    14 written to the video store 11, and to
combine data from the disc packs 20, 21 to the bidirectional paths 15, 16
when data is being read from the video store. For  example,  when  two
frames  of  data  are  read 5      simultaneously from the store 11, the
data relating to the two frames is read in one frame period from the disc
packs 20, 21 via the buffers 18, 19 to the compressor 17 where the data is
reformed as two separate frames which are output separately,  one on 10
each  line  15,  16 during the next frame period. Similarly, two incoming
frames of data received by the 



compressor 17 from paths 15 and 16 in one  frame period are distributed via
the buffers 18, 19 to the disc drives in the disc packs 20, 21 during the
next frame 15     period.   In order to facilitate the random  access
transfer of frame data between the store 11 and the rest of the system 10,
the buffers 18, 19 each include a large cache store (not shown) for
accumulating several frames of data. This minimises the amount of 20
head seeking by the disc drives and applies equally to both the reading and
writing of data. The frame data may be distributed among the disc drives in
any convenient order.  For example one field of the frame may be delivered
to buffer 18 and from 25      there the chrominance of the field written to
one disc drive in the pack 20 and the luminance of the field    15 written
to the other disc drive in the same pack 20. The other field of the frame
would be delivered to the other disc pack 21 for storage therein in a
similar manner.    Thus,  the  elements  of  each  frame  are 5
distributed among the four disc drives of the two disc packs 20, 21. It
will be appreciated from the foregoing that the video store is a truly
random access frame store which thereby enables frames from different video
10      clips to be accessed in a random order for output 



therefrom. The provision of two bidirectional paths 15, 16 enables two
frames of data to be simultaneously written to or read from the store 11 or
for one frame to be written to while another is read from the store 15
11.  This enables a system 10 of greater flexibility to be produced than
has hitherto been possible. Returning to Figure 2, the system 10 further
comprises a display store 22 which is connected via two bidirectional
busses 23, 24 to the input selector 20      12.  The display store 22
comprises a large scratch pad store for storing data relating to several
frames of video and a display processor for processing the frame data
therein to produce respective frames of reduced size for concurrent display
at different 25      portions of a monitor 25, as will be described in
greater detail hereinafter.   The store is able to    16 output- one piece
of stored video simultaneously to several different places on the monitor.
The display processor comprises two separate processing units for producing
simultaneously images of reduced size from 5      data supplied via the two
bidirectional busses 23, 24. A video clip may be read out from the video
store 11 and written directly to the display store 22 at video rate for
display on the monitor 25 either at full size or at half or quarter size.
Alternatively video clips 



10      may be transferred from a bulk storage library (not shown) via the
input selector 12 to the display store 22.  Data from the display store 22
is read by an output selector 26 and output to the monitor 25 for display.
This enables the user to preview one or more 15      video clips or to
identify video clips stored off-line in the bulk store library (not shown)
for transfer to the video store 11.   The output selector 26 also comprises
both analog and digital outputs 26a, 26b, similar to the analog and digital
inputs 13, 14 of the 20      input selector 12, to enable video clip data
to be output in either analog or digital format to the bulk storage  device
for example. In an editing mode of operation data relating to a plurality
of video clips is read out from the video 25      store 11 a frame at a
time to the video store 22 where the data is processed before being stored
so as to    17 enable several frames to be displayed simultaneously at
different, overlapping, or shared, portions of the monitor 25, as will be
described in greater detail hereinafter.  The processed data is output from
the 5      display store in raster order for display on the monitor 25. The
video store has associated with it a video processor 27 and an effects
processor 28. The video processor 27 is arranged to perform such 



operations as generating a keying signal, modifying 10      colour,
changing texture, and the effects processor 28 generates spatial effects
such as changes of size, position and spin to one or more frames of a video
clip, which operations and effects all per se well known. Frames modified
by the video processor 27 and 15      effects processor 28 are supplied or
returned to the display store 22 for display on the monitor 25. Preferably
the  parameters  controlling  the operations executed by the video
processor 27 and the effects processor 28 are variable from frame to frame.
20      So-called key frames may be  defined by the user and parameters for
frames between key frames derived by interpolation.      Alternatively
the   parameters controlling the operations of the video processor 27 can
be fixed so that only parameters controlling the 25      spin, position,
spin, etc operations of the effects processor 28 are variable. The use of
key frames to    18 define selected parameters is per se well known and is
disclosed  for  example  in  our  British  Patent Application published as
No. 2,223,910, the teachings of which are incorporated herein by reference.
5           The display store 22 also has associated with it a graphics
processor 29 which enables a user to paint into each frame as described in
our abovementioned 



British Patent No. 2,089,625, and/or to create a key or stencil as
described in our abovementioned British 10      Patent No. 2,113,950.  The
graphics processor 29 is responsive to a user operable input device such as
a stylus and touch tablet combination 30, as indeed are the video processor
27 and the effects processor 28. During editing the video processor in the
display 15      store 22 is arranged to generate from the input video clips
a display that represents an editing environment such  as  the  display
shown  in  Figure  4  of  the accompanying drawings. As shown in Figure 4
of the drawings, the display is divided into three distinct 20      working
areas 31, 32, 33 by three so-called reel bars 34,  35,  36.   Each working
area 31,  32,  33 has displayed in it a small number of frames relating to
one or more reels of video clips 37 to 44.  Of course more than three
working areas could be displayed if so 25      desired.   A high definition
television monitor for example has a wider aspect ratio (16 x 9) than
normal    19 broadcast television (4 x 3) and would be well suited to the
display of four or even five reels. Each reel bar 34 to 36 includes a
marker 45 to 47 which moves along the reel bar to provide an 5
indication of the position of the displayed frames in relation to the clip
as a whole and each displayed 



frame includes at its bottom right hand corner an information box, for
example 48 to 56, to provide a further indication of the positions of the
displayed 10      frames in the video clips.  The information in each box
may for example be the number, ie position, of the frame in the clip or it
may be time codes generated by a VTR when the frames were originally
recorded. Each video clip can be worked on independently in each 15
working area 31, 32, 33 and can be moved into another of the working areas
to be combined with another video clip displayed therein, by movement of
the stylus on the touch tablet  as represented  by  a cursor  57 displayed
on the monitor 8 as will be described in 20      greater detail
hereinafter. The cursor 57 is used to control many operations performed by
the system 10. One, function which the cursor 57 can be used to control is
that of selecting which frames from a selected clip are displayed in the 25
working areas 31 to 33.  The reel bars 34 to 36 each have associated
direction control icons 34a to d, 35a    20 to d and 36a, to d. The reel
bars, the control icons and the cursor are all generated by the processor
within the display store 22.. Placing the cursor 57 over the icon 36a for
example and pressing the stylus 5      firmly  on the touch  tablet  will
cause the  clip 



displayed  in  work  area  33  to  scroll  up  whilst selecting icon 36b
will cause the clip to scroll up to an event, such as a join, previously
defined in the clip.  Similar operations are performed by selection 10
of the other icons as will be readily apparent to those possessed of the
appropriate skills.   When a scrolling icon is selected data relating to
the appropriate video frames in the appropriate clip are read from the
video store 11 to the video store 22. 15      The data is processed to
reduce the size of each frame and the processed data is then stored at
locations in the store 22 corresponding to the position of the reduced
frame on the monitor 25. Video clips to be edited are loaded from the bulk
20      store (not shown) via the input selector 12 to the video store 11.
One of the bidirectional paths eg 15 is used to transfer the incoming video
clip data to the video store 11 and this leaves the other path eg 16 free
to transfer data relating to another video 25      clip, for example  a
moving key associated with the first mentioned video clip.   During the
loading of    21 clip  data  in  the  store  11  the  data  is  read
simultaneously by the display store 22 for display of the video on the
monitor. Indeed, the video of both clips can be displayed at the same time
either as two 



5      half size images duly processed by the display store 22 on the
monitor 25 or as full size images using two monitors. Selected frames of
selected clips stored in the video store 11 can then be transferred to the
video processor 27 and effects processor 28 for 10      processing and to
the display store 22 for display on the  monitor  25.    Since  the  video
store  22  is effectively a random access frame store, the system can be
made to display any frame from any clip or combination of frames and clips
in any order and at 15      any position on the monitor 25 without the need
for the user to commit irretrievably to a particular displayed combination
until such time as he is entirely happy with the result as displayed on the
monitor. 20           Once the desired clip or clips have been loaded into
the video store 11 and selected frames therein displayed on the monitor 25
the user can edit the clips.  Cut and insert editing, ie video splicing, is
achieved for example by displaying frames of a first 25      video clip, to
be inserted in say the working area 32, and frames of a second video clip,
to be cut to    22 receive the first clip, in the working area 33.  The
start of the first clip is identified by placing the cursor 57 between the
first frame (for example frame 



58 in Figure 4) and its preceding frame and pressing 5      the stylus down
firmly  on the touch tablet  and thereafter moving the cursor rapidly to
the right by corresponding rapid manipulation of the stylus on the touch
tablet. This action is a cutting action known as swiping and is interpreted
by the processor 27 as 10      a command to cut the first video clip at the
join between frame 58 and the preceding frame (indicated at 59  in  Figure
4)  to  form  an  insert  video  clip (indicated at 42 in Figure 4). The
image of the insert clip 42 can be to the 15      cursor 57 by placing the
cursor over the first frame 58 and pressing the stylus down on the touch
tablet. Thereafter two dimensional movement of the cursor 57 on the
monitor display results in corresponding movement of the insert video clip
42 on the display. 20           The user is therefore free to move the
insert video clip 42 anywhere on the display screen and can for example
move the insert clip 42 into the working area 33 and to position the first
frame 58 thereof over a frame 60 of the second video clip displayed 25
therein.   With the insert clip 42 so positioned, pressing the stylus down
firmly on the touch tablet is    23 interpreted by the processor 27 as a
command to cut the second video clip at the join between frame 60 and 



the preceding frame (61 in Figure 4), and to join the insert clip 42 onto
the end of the second clip after 5      frame 61 thereof. Once this
operation has been performed by the processor  a  new  clip  is  defined
as  a  spliced combination of the frames of the second clip up to and
including clip 61 followed by all frames after and 10      including frame
58 of the first clip.   A similar operation can be used to move a clip from
one reel to another. If instead of placing the first frame 58 of the first
clip over the frame 60 of the second clip, the first frame, 58 is instead
placed over the join 15      between the frames 60 and 61 of the second
clip, then the whole of the first clip will be placed between frames 60 and
61 of the second clip. Since the cut and insert operation is performed in
the video processor 27 it therefore does not result 20      in a
corresponding change in the frame data in the video store 11. Accordingly,
data defining frame 59 and the preceding frames in the first clip and data
defining frame 60 and subsequent frames in the second clip remain available
for further processing if 25      required.  This availability of frames is
indicated on the display by a continuous line 62 which crosses the    24
combined clip at the join between the first and second 



clips and connects between a pair of tails 63, 64 running parallel to the
displayed clip. The length of each tail 63, 64 represents the number of
available 5      frames in the respective first or second clip.  Thus the
tail 64 indicates that the first two frames of the first clip do not form
part of the combined clip and are available for further processing if
required, and the tail 63 indicates that the last three frames of 10
the second clip do not form part of the combined clip and are available for
further processing if required. Making frames available for further
processing can be useful if the operator is not happy with the result
obtained in the combined clip during preview 15      when  the clip  is run
and displayed  as  a video sequence. In order to facilitate user changes to
the combined clip by changing the position of the join in the combined
combined clip, the processor 27 is made responsive  to  manipulation  of
the  stylus  and 20      corresponding movement of the cursor 57 in the
area of the join as represented by the cross bar 62. When the cursor is
placed over the cross bar 62 and the stylus is pressed down firmly on the
touch tablet, subsequent upward movement of the cursor 57 on the display
screen 25      causes the processor to insert in reverse order frames from
the first clip and to remove in reverse order    25 



frames from the second clip.  Thus, in Figure  4 upward movement of the
cursor would cause frame 61 of the second clip to be replaced by frame 59
of the first clip.    The  length  of  tail  64  would  decrease 5
accordingly by one frame and the length of tail 63 would increase
accordingly by one frame.   Similar downward movement of the cursor 57
would result in the opposite change in frames occurring.   Furthermore,
hidden frames (ie frames represented by the tails 63, 10      64) in either
clip can be displayed by placing the cursor 57 on the fail 63, 64 and
swiping upwards along the tail.   The frames thus revealed can be hidden
again by placing the cursor 57 on the tail and swiping downwards along the
tail. 15           The  system  is  also  arranged  to  facilitate
replication of a clip or a portion of a clip.  The clip or clip portion to
be replicated is identified by placing the cursor over the first frame
thereof, pressing the stylus down firmly on the touch tablet in 20
order to connect the clip to the cursor and then pressing down again with
the stylus to disconnect the display store 22 responds to this manipulation
by replicating the identified frames in the store. The copy clip thus
created is not displayed separately on 25      the monitor but is
conceptually stored off-screen. The system is therefore arranged to enable
the copy    



26 clip to be retrieved by swiping the cursor of f one side of the screen.
This causes the copy clip to be attached to  the cursor and the copy can
then be positioned as desired on the screen. 5           In addition to
splicing two clips together, as discussed hereinabove,  the  system  10  is
able  to dissolve between two clips over a selected number of frames.   In
a procedure similar to that already discussed hereinabove the first and
last frames of two 10      video clips are identified and the two clips are
spliced together in one of the working areas 31 to 33. A dissolve is then
set over a selected number of frames, by placing the cursor 57 over the
cross bar 62 at the join between the two clips and pressing down 15
with the stylus. The system interprets this action as a command to create a
dissolve.   The command is acknowledged by the crossbar 62 being displayed
in a different colour. A menu is displayed on the monitor thereby enabling
the user to enter data about the 20      dissolve including its length and
whether the dissolve starts at splice point as represented by the crossbar
62, finishes at the splice point, or includes the splice point. Hidden
frames that contribute to the dissolve are represented by respective
portions of the 25      tails 63, 64 being displayed in a further different
colour. Again, there is no actual change in the data   



27 stored in the  video store 11 at this stage and the user is free to
change the position of the join between the two clips as described
hereinabove. Once a dissolve has been defined on the display 5      screen,
it can be previewed by running the combined clip containing the dissolve at
video rate. A further control icon 34e to 36e is displayed beneath
respective reel bars 34 to 36 and enables the user to enter the preview
mode. When the viewing control icon 10      34e to 36e is selected by use
of the cursor the system responds by displaying at full size on the monitor
the frame displayed nearest to the centre of the working space when the
viewing icon was selected.  A menu of functions (such as play, fast,
forward, fast reverse, 15      stop, etc) is also displayed on the monitor
and the selected clip can be previewed by the use by selection of the
desired functions with the cursor.   In this preview mode of operation
frames comprising the first clip are read in order from one path eg 15 of
the 20      video store 11 and passed via the video processor 27 to the
display store 22 for display on the monitor 25. During the dissolve frames
comprising the second clip are simultaneously read in order from the video
store 11 via the other path 16 and are passed together with 25
respective frames from the first clip to the processor 27. Respective
frames from the first and second clip  



28 are combined in a weighted combination by the video processor 27 and the
resulting combined frames are passed in order to the display store 22 for
display of the combined image on the monitor 25. 5           The above
discussed previewing of a dissolve is made possible by the provision of a
video store 11 with two bidirectional paths 15, 16 each having a bandwidth
sufficient to transmit video data at video display rates. Again, it should
be noted that during 10      preview there is no alteration to the video
data stored in the video store 11 and this frees the user to experiment
with different edits before making a commitment to a particular combination
of clips. The system 10 also includes the facility to key 15      together
simultaneously several clips on a frame by frame basis. In the exemplary
system described herein this keying facility is selected by moving the reel
bar 35 to the right in Figure 4 thereby widening the working area 31
defined between reel bars 34 and 35. 20      Video clips 37, 38, 39, 40 are
each selected by use of the cursor and by manipulation of the stylus on the
touch tablet as previously described. Selected clips are each brought into
the working area 31 by further movement of the stylus and each new clip may
be placed 25      in front, behind, or between clips already displayed in
the working area 31. The clips 37 to 40 together 



29 form a stack and the position of each clip 37 to 40 determines the rank
or priority of the clip in the stack.    Each  clip  37 to  40  can  be
manipulated independently or in combination with other clips in 5      the
stack.  Thus, for example, clip 38 can be taken out of the stack by
attaching the cursor 57 to the clip and moving it to working area 32. The
clip can then be replicated or otherwise modified before being returned to
its original position or another position 10      in  the  stack.    A
clip  can  also  be  scrolled independently of other clips in the stack
clips are connected to the cursor and moved sideways in the working area 31
until, for example, clip 38 does not overlap and is not overlapped by any
of the other 15      clips.  Clip 38 can then be scrolled independently, as
described hereinabove. The system is arranged such that a group of
coincident frames, corresponding one from each of the clips in the stack is
available in the display store 20      22 so that the composite result can
be displayed on the monitor.   This enables the user to preview the result
before the clips are finally combined and committed  to  the  video  store
11,  and  to  make corrections to individual clips so that the composite 25
clip contains the desire result.   For example, the 



colour correction in one clip can be adjusted so as to    30 match the
coloration in another of the clips while both clips or frames from both
clips are displayed simultaneously. If desired one foreground clip, eg clip
37, can be viewed against the background clip, eg 5      clip 40. The video
processor 27 includes a keyer circuit (not shown)  by which  a blue  screen
key  can be generated.  Such a keyer circuit is disclosed in our US Patent
No. 4,667,221, the teachings of which are 10      incorporated herein by
reference.  A user defined key or stencil may also be created by the
graphics processor 29 on a frame-by-frame basis for some or all frames in a
selected clip.   Previously defined key clips can be associated with
respective video clips. 15      The  display  store  22  is  arranged  to
add  data representing a black back-shadow to video clip data for which
there is an associated key clip as the clip data is written to the display
store 22.  The black backshadow (not shown) facilitates identification of
20      a keyed clip when frames of the clip are displayed on the monitor
25. When a stack is defined in the working area 31 the key clips associated
with the respective video clips are assigned a priority or rank such that
when 



25      the clips 37 to 40 are combined, keyed features in clip 40 are seen
in the foreground obscuring features    31 in the other clips, whereas
features in the clip 37 form the background and are obscured by keyed
features in the other clips 38 to 40. It should be noted that data relating
to any clip 5      displayed on the monitor can be transferred to the
effects processor 28 and/or the graphics processor 29 for creation of a
key, or indeed for modification by any of the other operations provided by
the two processors 28, 29. 10           Once the user is satisfied with the
result of his editing, whether it be a simple cut and insert, a dissolve or
a layered sequence of stacked clips with colour and texture changes to some
of the clips therein, the resulting clip can be committed to 15     memory.
Clip data is read from the video store 11 and combined frame by frame by
the processors 27, 28 and 29 as appropriate before being written back to
the video store 11. In the case of a simple cut and insert splice 20
edit there is no combining as such to be performed by the processors 27 to
29 and so the operation is simply one of re-indexing the frame date held in
the store 11. In the case of a dissolve edit it is necessary to 



combine two frames from different clips and so data 25      for the two
clips is read a frame at a time from the store 11 along one of the paths,
eg path 15, and the    32 resulting combined frame data is written back to
the store along the other of the paths, eg path 16.  It will be appreciated
that since each path only has sufficient bandwidth for one video channel
the reading 5      of  frames for both clips via only path  15  will
effectively halve the rate at which the two clips are read from the store
11.  However, this halving of the reading rate is unimportant since the
combining operation corresponds to a final commitment by the 10      user
and can be performed without being displayed on the monitor 25.  There will
be a similar or greater reduction in speed when plural  clips  a stack  as
abovedescribed are combined but again this reduction is unimportant to the
working of the system. 15           Having thus described the present
invention by reference to a preferred embodiment it is to be well
understood  that  the  embodiment  in  question  is exemplary only and that
modifications and variations such as will occur to those possessed of
appropriate 20      knowledge and skills may be made without departure from
the scope of the invention as defined in the appended claims and
equivalents thereof. 



For example, the four relatively high capacity disc drives in the video
store could be replaced by a 25      large number of smaller disc drives.
An important consideration in the construction of the video store    is
that it should have sufficient bandwidth for at least two video clips, and
more than two if so desire, to be transferred each at video rate. By
increasing the number of disc drives comprising the store 11 the 5
complexity of transferring data will increase also. Randon access to the
frames stored in the discs can nevertheless be maintained by enlarging the
cache stores in the buffers and for the compressor, the size of the cache
stores depending on the excess bandwidth 10      and seek time of the
discs, and on the number of clips to be transferred simultaneously at video
rate. The video store may be used in a high definition television system
simply by increasing the number of discs used and if necessary  enlarging
the  cache 15      stores.    CLAIMS: 1.   An electronic video store
comprising: at least one storing unit for storing digital data representing
multiple video frames; 



5           an access circuit for providing random access input and output
of video frames to and from said at least one storing unit; and at least
two ports connected to the access circuit and each capable of transferring
data to or 10      from the access circuit relating to a respective video
frame at video rate. 2.   A store as claimed in claim 1, wherein said at
least one storing unit comprises at least two separate storing units each
connected to the said at least two 15      ports via the access circuit and
data representing each video frame is distributed between the storing
units. 3.   A store as claimed in claim 2, wherein each of said at least
two storing units comprises at least two 20      disc drives which together
are capable of transferring video data at video rate. 4.   A store as
claimed in claim 3, wherein each frame    comprises two interleaved
fields, and the  access circuit is arranged for transfer of data stored or
to be stored in the storing units and arranged therein such that each video
frame data representing one field 5      is stored in one storing unit and
data representing the other field is stored in the other storing unit. 5.
A store  as claimed in any preceding  claim, wherein the access circuit is
arranged for transfer of 



data to or from each said storing unit, said data 10      being arranged
such that each field is divided into chrominance and luminance data groups
which are stored respectively in the disc drive of the storing unit. 6.   A
store as claimed in claim 2, 3 or 4, wherein the access circuit comprises
two buffers respectively 15      associated with the two storing units for
buffering data in transfer between each of the storing units and the at
least two ports. 7.   A store as claimed in claim 6, wherein the access
circuit further comprises an interface between the 20      buffers and the
two ports, which interface converts video data between a video format at
said at least two ports and a storing format at said buffers.    8.   A
store  as claimed  in  claim  7, wherein  the interface comprises a cache
store for accumulating a multiplicity of  frames of data to  facilitate the
transfer of data between the at least two ports and. 5      the access
circuit. 9.   A store as claimed in claim 6, 7 or 8, wherein the two
buffers each comprise a cache store for accumulating a multiplicity of
frames of data to facilitate the transfer of data between the at least 10
two ports and the storing units. 10. An electronic video processing system
for combining a plurality of video clips, the system 



comprising: at least one storing unit for storing a 15      multiplicity of
video frames; an access circuit  for providing random access. transfer to
and from the at least one storing unit of a number of said video frames
comprising plural video clips; 20           at  least  two ports  connected
to  the  access circuit and each capable of transferring data to or from
the access circuit at video rate; a processor responsive to a user operable
input device for processing data from the at least one    37 storing unit
representing user  selected frames of at least two of said plural video
clips to  produce a combined video clip; and a monitor for simultaneously
displaying at least 5      some of said multiplicity of video frames. 11. A
system as claimed in claim 10, further comprising a display store for
storing image data representing an image to be displayed on the monitor,
the processor being operable in an editing mode for 10      controlling the
writing of data representing plural selected frames to the display store
for subsequent display of said plural selected frames on the monitor. 12.
A system as claimed in claim 11, wherein the 



processor is arranged to apply user selected effects 15      to user
selected frames in the video clips,  the effects and frames being
selectable by manipulation of said user operable input device. 13.  A
system as claimed in claim 11 or 12, wherein the processor is arranged to
write data to the display 20      store such that when the  image
represented by the data stored in the display store is subsequently
displayed, and the monitor is divided into a plurality of working areas,
said plural selected frames are displayed at a    reduced size in one or
more of said working areas. 14.  A system as claimed in claim 13, wherein
the processor is arranged to write data to the display store such that when
the image represented thereby is 5      displayed, at least some of the
working areas include one or more frames at a reduced size, the frames
corresponding to a portion of one or more of the video clips. 15.  A system
as claimed in any of claims 11 to 14, 10      wherein the processor is
arranged to generate cursor data representing a cursor in response to user
manipulation of said user operable input device, said processor being
arranged to write the cursor data to the display store for display of said
cursor on the 15      monitor. 16.  A system as claimed in claim 15,
wherein the 



processor is arranged to respond to the action of the cursor being disposed
by manipulation of the user operable input device at a position between two
20      adjacent displayed frames of a single clip and moved rapidly away
from said position, the processor responding by modifying the data in the
display store so as to divide the single clip into two new clips,    39 one
of the new clips including-one and the other new clip including the other
of said adjacent displayed frames. 17. A system as claimed in claim 16,
wherein in order 5      to effect dividing of said single clip into two new
clips the processor responds to the displayed cursor being moved rapidly in
a substantially horizontal direction by corresponding manipulation of the
user operable input device. 10      18.  A system as claimed in claim 15,
16 or 17, wherein the processor is arranged to respond to manipulation of
said user operable input device by modifying the data in the display store
so as to cause selected displayed frames relating to one clip to 15
become  attached  to the  displayed  cursor,  and  to respond further
manipulation of the input device by modifying the data in the display store
to cause both the cursor and the selected displayed frames to move 



on the display. 20      19.  A system as claimed in claim 18, wherein the
processor is arranged to respond to the positioning of the selected frames
attached to the cursor at other displayed frames relating to another clip
by modifying    the data in the display store so as to combine frames of
said  one  clip,  associated with  said  selected frames, with frames of
said another clip, associated with said displayed frames, to create a
combined clip. 5      20.  A system as claimed in claim 19, wherein the
processor is arranged such that when said selected frames are overlaid on
the display monitor on said displayed frames, data in the display store is
modified  so that a marker is displayed with  the 10      combined clip to
indicate that the combined clip has a number of hidden selected frames
associated therewith. 21.  A system as claimed in claim 19, wherein the
processor is arranged to respond to the overlaying of 15      frames
attached to the cursor at said other displayed frames by modifying the data
in the display store so as to replace the frames of said one clip,
associated with the overlaid displayed frames, with frames of said another
clip associated with overlaying frames. 20      22.  A system as claimed in
claim 21, wherein the marker is displayed in a first colour to indicate
that 



in the combined clip the overlaid frames are replaced with the overlaying
frames.    23.  A system as claimed in claim 19, wherein the processor
responds to the overlaying of frames attached to the cursor at said other
displayed frames by modifying the data in the display store so as to 5
combine the overlaid frames and the overlaying frames on a frame by frame
basis, thereby creating a combined clip which includes a dissolve between
the clips forming the combined clip. 24. A system as claimed in claim 23,
wherein the 10      marker is displayed in a second colour to indicate that
the combined clip is created by dissolving between overlaid and overlaying
frames. 25. A system as claimed in claim 23 or 24, wherein the total number
of frames used in dissolving between 15      the one clip and the other
clip forming the dissolve is selectable, the marker comprising a central
portion displayed in one colour indicating frames used in the dissolve and
end portions displayed in another colour indicating the frames in the one
clip and in the other 20      clip not used in the dissolve. 26. A system
as claimed in any of claims 18 to 25, wherein  once  a  clip  has  been
identified  by manipulation of the input device the processor is  



arranged to respond to the cursor being moved off and then  back  on  to
the  display  in  response  to manipulation of the input device by
modifying the data in the display store so as to attach a copy of the 5
identified clip to the cursor. 27. A system as claimed in claim 13, wherein
one of said working areas is a plural clip working area in which a
plurality of clips can be processed concurrently. 10      28.  A system as
claimed in claim 27, wherein at least some of the plurality of clips in the
plural clip working area have an associated control image clip and the
processor places the displayed plural clips in a stack and assigns a
priority to each clip depending on 15      the position of the clip in the
stack. 29.  A system as claimed in any of claims 11 to 26, wherein the
processor is operable in a preview mode in which data from the random
access video frame store representing the plurality of video clips is
combined, 20      in accordance with the modifications made in said editing
mode, with the data in the display store to produce data representing a
preview clip which is output to the monitor for display.    43 



30.  A system as claimed in claim 29, wherein the preview clip data is
output for subsequent display of the clip at video rate. 31. A system as
claimed in any of claims 11 to 30, 5     wherein the processor is operable
in a committing mode in which data from the random access video frame store
representing the plurality of video clips is combined, in accordance with
the modifications made in said editing mode, to the data in the display
store to 10     produce data representing a final combined clip which is
written back to the random access video frame store, the processor thereby
committing the final combined clip to memory. 32. A store or a system
substantially as described 15     herein with reference to Figures 2 to  4
of the accompanying drawings.    




