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CONTROL OF SEQUENCE OF VIDEO MODIFYING OPERATIONS

Backeround of the Invention

The invention relates to modifying video.
When a video program is created at a nonlinear video editor, analog video
5 source materials are often digitized, compresseq and stored on disc for later random
access for use in creating a video program. Segments of the video, also referred to as
"video clips," can be taken from different sources, and the beginning and end points can
be trimmed as desired during editing. The order of clips is established in a time line to
determine the sequence, and the position of a clip can be changed. Clips can be deleted
10 orinserted as desired. During the editing process, the clips of compressed video can be

randomly accessed, decompressed and viewed in real time.

The source video can be modified by various “pixel manipulations,” which are
fine grain processes (such as scale, rotate, blur), and “tools,” which are larger grain
processes (such as digitizing, color correcting, add to timeline, layer with another clip

15  and master out).

Compositing involves use of fine grain pfocesses. In compositiﬁg applications,
it is known to use a process tree to specify a set of transformations, filters, and effects
to be applied to one clip. A process tree uses a dataflow metaphor, and processes are
connected together with no storage nodes in between. As used herein, “video

20  editing” includes traditional editing operations, compositing operations, and tool

operations.

Summary of the Invention

In one aspect, the invention features, in general, a method of modifying video
that includes receiving a first video clip, modifying the first video clip by one or more
25 video tools in sequence to create a second video clip that is modified with respect to the
first video clip, and recording the sequence of tools and the associated tool parameters
used to modify the first video clip. Each tool modifies a clip input to it according to

tool parameters and user interaction to generate an output clip.

In another aspect, the invention features, in general, a method of modifying
30  source video that includes receiving a first video clip, modifying the first video clip by

one or more operations (e.g., bit manipulations and/or tools) in sequence to create a
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second video clip that is modified with respect to the first video clip, recording the
sequence of operations used to modify the first video clip, and displaying a history

graph of the operations used to modify the first video clip.

Preferred embodiments of the invention may include one or more of the
following features. The tool history graph can be used in workflow navigation. E.g.,
video tools displayed on the tool history graph can be used with a different parameter
file. There can be an intermediate video clip that is generated by a first tool and input
to a second tool, and the second video tool can be used with a different parameter file.
The first video tool can be used with a different parameter file, and the tool history
graph will be updated to show that the intermediate video clip and the second video clip
are outdated. The first tool can then be run with the different parameter file to result in
an updated intermediate video clip, and the second video tool can be run on the updated

intermediate video clip to result in an updated second video clip.

The tool history graph can be used to perform a media management function,
such as moving unnecessary backing media, recreating clip backing media, and
redigitizing clip backing media. The tool history graph can also be used to modify a
clip history to create workflow steps. E.g., the user can create additional tools and new
clips on the history. The tool history graph can specify an external tool, and the system
will export a clip to the external tool and import the resulting clip. The tool history
graph can be used to locate a clip on the history,ﬁnd a tool can be added to modify the

located clip.

- In another aspect, the invention features, in general, a method of controlling
media workflow by selecting a sequence of one or more operations to be used to
modify a first video clip to result in a second video clip, displaying a graph of the
operations, and thereafter modifying the first video clip by the selected and displayed

operations.

In preferred embodiments the operations include tools. A control decision can
be used determine which of a plurality of possible tools could be used to modify the
first video clip, and the display could include a control block showing the first clip as
an input, and a plurality of workflow branches as output, each having a respective tool

and a respective output clip. The control decision can be based on an if/ﬂlen/else
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decision. The control decision can be based on a selection control input that indicates
one of the possible tools and associated workflow branch. There can be a plurality of
clips as possible inputs, and the control decision can also determine which of the first

clips is input, and the displaying would include the plurality of first clips.

Embodiments of the invention may include one or more of the following
advantages. The history display feature usefully permits one to access and visualize the
history of a particular program clip. It also permits one to access earlier digitized
versions of the clip without the need to reaccess the original source material. One can
simply and quickly specify a new brocessing scheme or create a modified processing

scheme for a clip by specifying new tools on the tool history diagram.

Other advantages and features of the invention will be apparent from the

following description of a preferred embodiment thereof and from the claims.

Description of Drawings

Fig. 1 is a block diagram of a nonlinear video editing system.

Fig. 2 is a more detailed block diagram of some of the components of the Fig. 1

system.

Fig. 3 shows a time line and editing control box used on the display of the Fig. 1

system.

Fig. 4 shows a video editing software application and storage for clips and

media.

Fig. 5 shows a standard unit of work flow used in workflow recording and

display in the Fig. 1 system.
Fig. 6 shows an exemplary clip history displayed on the Fig. 1 system.
Fig. 7 shows a standard unit of workflow including an if/then/else control block.

Fig. 8 shows a standard unit of workflow including a control block control by a

selection input.
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Description of Particular Embodiments

Referring to Fig. 1, nonlinear video editing system 10 includes host computer
12 having monitor 14, user input devices 16 (e.g., keyboard and mouse), video editing
software 18, video editing peripheral board 20 in an expansion slot of computer 12,
video tape recorder (VIR) 24, and mass storage disc 26.  Referring to‘Fig. 2, host
computer 12 includes CPU 30, PCI bus 32, and input/output ports 34 for connection to
momtor 14 and user input devices 16. Peripheral board 20 is connected to PCI bus 32.
Board 20 includes codel/decoder (codec) 34, video input/output (I/O) port 36 for source
video, color corrector 38 and busmaster circuit 40, which transfers data to and from PCI
bus 32. Board 20 also has audio I/O ports, other video processing circuits, buffers, and
hardware tools 102 to carry out various video editing and data transfer functions. The
invention can also be used with software tools and third party hardware and software

tools.

Referring to Fig. 3, during editing a user can access various control windows on
monitor 14 to carry out the editing functions. The user can place small picture icons 48
and associated clip names identifying particular v1deo clips in bin window 50, edit the
beginning and end points of a particular video chp in edit window 52, and place a video

clip in the program at time line 54.

Each time that video material is accessed or modified in system 10 at a clip
level, a software application program keeps track of the history of processing of a video
clip and its relation to prior or subsequent video clips. A representation of the history,
called a tool history graph, can then be created and displayed at any time in tool history

window 56, shown in Fig. 6

In creating the tool history graphs, system 10 employs (1) clips, (2) clip history
information, (3) used-on lists, (4) parameter files, and (5) tools. These objects are

defined and described as follows:
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1. Clip

A clip is a unit of multimedia, usually video, with at least the following

attributes:
5 a well defined start and end time (in-out), and

a description of the Jocation in the media storage pool where the clip backing

media is located.

The clip may or may not have actual backing media. Users of nonlinear video

editors typically manage hundreds to thousands of clips for a given project.

10

2. Clip History Information

Clip history information includes:
the name of the process (tool) that created the clip,

the names of all of the input and output clips in the history of the generation of

15  the clip, and

parameter information such as a file name and a tool-dependent format for the

information in the file.

Clip history information can also include additional attributes such as name,

create date, and media type.

20

3, Used-on List

A used-on list is associated with a particular clip and is a list of processes that
use the clip. This list is the forward link in the tool history graph; the clip history
information (2. above) is the backward link. For a given clip, either the tool history

25  information (back link), or the used-on-list (forward link), or both will bé stored with

the clip attributes in a clip store.
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4. Parameter Files

Parameter files are auxiliary input used by a process (tool). The parameter file
data does not necessarily have to be stored as a separate file so long as the parameters
can be saved to and restored from disk in some form. Examples of parameter file data
include scalar data such as clip background color, a motion slow down - speed up
amount, the key color and acceptable range for a chroma keying operation. Parameter
file data can also contain time varying data such as key framed position data and color
values. In general, a parameter file contains all of the data needed by a process (tool) to
operate on an input clip to produce a specific output clip. The parameter file
encapsulates the use of the tool by the user. The content of a parameter file is the direct

or indirect result of user input.

5. Tool

A tool is a discreet transformation performed on a clip that results in a new clip
being produced. A tool is usually designed to pérform one type of nonlinear video
editing and/or compositing operation such as motion effect, keying, painting, etc. A
tool is a unit of workflow as compared to a unit of pixel manipulation. A tool is most
often started and provided an input clip on which the tool will work. The output of a
tool is not directly connected to another tool; it is always connected to a clip. Examples
of tools include: input digitize tool, matte tool, master out tool, paint tool, color
corrector, keyer (e.g., chroma and/or Iuminance key process), motion effects tools (e.g.,
fast or slow motion), timeline tool (which can do editing (horizontal) and layering

(vertical) operations), motion tracking and third party applications.

Referring to Fig. 4, there is shown nonlinear editor application 104 (used in
system 10) with clip storage area 106 (also called “clip store”) for clip data (described
as 1. above) and media storage area 108 (also célled “media store”) for the backing
media files to which the clip data refer. Note that a clip can exist without actual media
in the media storage area 108. The clip history (described as 2. above) is also stored in

clip storage area 108.
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Referring to Fig. 5, a standard unit of work flow can be represented by an input
clip C1 (110), an output clip C2 (112), a tool 114, and parameters file 116. The input
clip C1 is usually kept in the clip storage area 106 after tool 114 is finished. The media
backing for clip C1, however, may be deleted. The output clip C2 almost always has
media backing in the media storage area 108. The parameters file 116 serves as input
to the tool 114 and as a place to save all user input on tool exit. Parameters file 116
may be empty on tool start-up, and contain a list of all of the user commands on exit.
At a minimum, parameters file 116 must contain the information necessary to produce
the output clip, C2, at a later stage, given C1 and a copy of parameter file 116. In the
aggregate history of all clips, a single clip can feed more than one process. That is,
work flow can fork into two paths at a clip node in the graph. A tool 114 can accept

more than one clip as input and produce more than one clip as output.

The processing involved in implementing a tool history graph includes (1)
recording the history of a clip, (2) displaying the history of one or more clips in an
interactive graph, and (3) allowing user interaction with that graph to, e.g., accomplish
(a) workflow navigation, i.e., random access to steps performed over the life of a
project, (b) media management, e.g., removing unwanted media, regenerating media,
redigitizing media, and other tedious media management functions, and (¢) workflow
step creation, i.e., outlining the steps to be taken during an editing session. For
example, to create a workflow step, the user can digitize one clip, color correct it, add it
to a timeline, and then take that sequence of events and apply it to a whole set of clips.
The steps just mentioned for implementing a tool history graph are described in the
following sections, which also include a section (d) dealing with further workflow

controls.

1. Recording History

As the user creates a clip within application 104 (Fig.‘ 4), a description of the
clip is created and maintained in the clip store 106, which is where all clips and clip

history information reside. Clips are created as a result of running a tool. The input
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digitize tool (which imports raw video into the application) is the most common creator
of clips. The history of a digitized clip will indicate the digitize tool as the creating
process, and, rather than an input clip, the history will have a tape name as input.
Similarly the master out tool will write to a tape (qsually) as output and have clips as

inputs.

2. Displaying a Clip History

At one level, a tool history graph can be simply used to display the history of a
clip or clips without user interaction with the graph (other than pan/zoom and similar
presentation operations.) The user can display the history of one or more clips
graphically or textually in purpose designed windows. A graphic representation can
appear as in Fig. 5 (discussed above) for one a one-tool history or Fig. 6 (discussed
below) for a history involving many tools. A text based clip history display lists
hierarchically the clip name, the name of the creating process, and the names of the
input clips and parameters. Then a similar history is also prepared for each input clip
of that tool. The result is a text tree listing the complete ancestry of the initial clip in
outline format. The user can specify how many links backward to trace the clip
ancestry. For example, the user could display the history of the final output program
clip and request that all history paths leading to that final clip be displayed back to

where each initial clip was digitized.

3. User/Graph Interaction

A. Navigating Clip History - Workflow Navigation

At a further level of tool history graph usage, the user interacts with the graph to
navigate the history of a clip to access a previously completed step to re-execute a
process (tool). Tool re-launch is implemented by a user selecting (e.g., by clicking

on) a tool in the tool history graph, which causes that tool to be launched with the

8
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appropriate clip and parameter input(s) such that the state of the tool is the same as
when it was last executed for that clip and parameters. The user can change one or
more of the tool's parameters to change the tool’s result. This will outdate (make
obsolete) the output clip(s) of the tool as well as any subsequent clips in the history
5 that depend on those output clips. The outdated nature of the clips is graphically
indicated (e.g., different color, lines or shading) on the tool history graph. If
desired, the user can select that all downstream processes are automatically run in
order to update each affected subsequent clip, resulting in a great savings in time

over manual operation.
10

B. Media Management

The tool history graph can also be used to perform at least the following media

management tasks:
1. move unnecessary clip backing media offline,

15 ii. recreate or redigitize clip backing media files, possibly at

different resolutions,
iii. cut, copy and paste clips, and

iv. consolidate backing material of a selected set of clips.

20 C. Modifying Clip History — Creating Workflow Steps

A further, powerful use of the tool history graph is defining sequences of
workflow steps. This is accomplished by dragging tool icons 118 (Fig. 6) into the
graph display, dragging clip icons 48 (Fig. 3) from bin window 50 or other places, and

connecting them together to form a sub-graph (i.e., new workflow sequence.) Users can
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access existing clips or tools, or create a new clip and use an unparameterized tool.

Some of the workflow operations that can be performed are:

1. copy an existing sequence of steps, paste it as a new sequence,

and connect a new input clip to the sub-graph,

ii. convert media by dragging an existing input clip (having RGB
color) icon, a convert-RGB-to-YUV tool icon, and output clip (having YUV color) into

the graph and connecting them together and executing the workflow,

iii. setup for a batch digitize by starting with a timeline program
clip, selecting all initial input clips (ancestor clips whose creating proceés is the

digitizer), and specifying a re-digitize operation,

1v. export clips (similar to the convert media example above,

with the tool exporting media and having no clip output, per se),

v. call an external tool, which causes an input clip to be directed

to an external tool for processing and return, and

vi. fork project development to cause a particular clip or clips to

branch into more than one tool downstream in the workflow.

Fork project management can be used for “versioning.” The user can add a set
of clips into a timeline, add tool icons to the graph and produce an output. The user can
then select all of the steps back to the set of clips, copy that sequence, paste it as a new
sequence, and modify the parameters controlling the tool (or use different tools) to
produce a different look. The user can thus very easily try different approaches to
content design and delete the versions (media and process parameters) that are not

going to be used.

Fig. 6 shows an exemplary tool history graph that displays the following

sequence of steps:

10
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1. The user digitizes video tape 120 at tool 122 into a clip, clip 1 (124) using user

parameters 126.

2. Then the user places clip 1 (124) (or a copy of clip 1) directly in the timeline
126; this is indicated by arrow 128.

3. The user also takes clip 1 (124) (or a copy of clip 1) and runs it through color
corrector 130, which produces a color-corrected clip, clip 2 (132) using user parameters
134.

4. The user then puts clip 2 (132) in timeline 126, where the two clips are edited

together according to user parameters 136.
5. The user then renders timeline 126 to produce program clip 138.

If the user subsequently decides that he or she is not satisfied with the color
correction, instead of making further modifications to the color corrected version 132,
or reaccessing the material from video tape 120, the user can access the digital version,
clip 1 (124), as it existed prior to color correction. The clip history feature of system
10 usefully permits one to access and visualize the history of a particular program clip.
It also permits one to access earlier digitized versions of the clip without the need to
reaccess the original source material.

System 10 also permits one to specify a new processing scheme or to create a modified
processing scheme for a clip using tool history palette 140, which includes tool icons
118 to specify, e.g., a digitizer, color corrector, keyer (e.g., chroma luminance key
process), motion effects (e.g., fast or slow motion) and other tools. The user accesses a
tool by clicking on it and dragging it to the desired location in the processing diagram,
and can insert the tool as an additional process or to replace a displayed process. The
user can also add a new source video or add a new clip (from the bin window 50 or
identified by name). When a new clip is inserted part way through a process, the prior
steps and image source will be replaced with the prior history for the selected clip. The
subsequent clips will also be replaced with new clip identifiers for new clips to be

created. When the user is satisfied, he or she can enable system 10 to then create the

11
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new clips (the ones that come after the substituted clip in the process flow) by running
indicated tools on the substituted clip, unless the specified tools have already been run
for the substituted clip.

The tool history graph can also be modified to record and display pixel
manipulations. In this case, instead of tool icons and tool parameter files, or in addition
to tool icons, there would be pixel manipulation icons that indicate the operation (e.g.,
scale, rotate, blur, layer with another clip) and associated pixel manipulation parameter

files specifying the operation.

D. Further Workflow Control

The tool history graph as described herein can be used in the absence of a "history"
to define and create workflow in the first instance by entering icons indicating clips and
tools onto a blank graph.

The graph can, as a part of forked project ménagement, include control constructs
in the diagram to provide different possible flowpaths on the graph and control blocks
used to determine the flow of control on the graph based upon inputs or predefined
conditions. In particular, if/then/else control blocks can be added to the diagram as
shown for the control block and workflow units shown in Fig. 7. The input clip 150 is
shown connected to control block 152, which in this example determines which
workflow branch to use in processing clip 150 based upon whether clip 150 is the PAL
video type or not. If clip 150 is PAL, then tool 154 is used to generate clip 156. If clip
150 is not PAL, then tool 158 is used to generate clip 160. In addition to media type,
any other media attribute, or any other variable in general, can be used to determine the
workflow branch at control block 152.

Another example of a control block, a switch tree, is shown in Fig. 8. In this case,
clip 162 is the input clip, and switch tree 164 has five possible output paths 1-5,
employing respective tools 166-174 to generate respective output clips 176-184.
Switch tree 164 selects one of the five output paths depending on the value of input S

being 1-5. It is also possible for a switch control block to have multiple inputs (each

12
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with a respective input clip) and multiple outputs, with one or more control inputs used
to select the input clip and output workflow path. The use of control blocks in the tool
history graph workflow diagram provides a large number of possibilities for efficiently
creating media and doing batch processing.

Other embodiments of the invention are within the scope of the following claims.

What is claimed is:

13
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1. A method of modifying video comprising

receiving a first video clip,

modifying said first video clip by one or more video tools in sequence to create a
second video clip that is modified with respect to said first video clip, each said tool
modifying a clip input to it according to tool parameters to generate an output clip, and

recording the sequence of tools and the associated tool parameters used to modify
said first video clip.

2. A method of modifying video comprising

receiving a first video clip,

modifying said first video clip by one or more operations in sequence to create a
second video clip that is modified with respect to said first video clip,

recording the sequence of operations used to modify said first video clip, and

displaying a history graph of said operations used to modify said first video clip.

3. The method of claim 2 wherein said operations include tools, each said tool
modifying a clip input to it according to tool parameters to generate an output clip.

4. The method of claim 2 or 3 wherein said operations include pixel manipulations

5. The method of claim 1 further comprising displaying a history of said tools
used to modify said first video clip.

6. The method of claim 1 or 5 further comprising repeating use of a said video tool
with a different parameter file.

7. The method of claim 1 or 5 wherein there are first and second said tools and
an intermediate video clip that is generated by said first tool and input to said second
tool, and further comprising repeating use of said second video tool with a different
parameter file.

8. The method of claim 5 wherein there are first and second said tools and an
intermediate video clip that is generated by said first tool and input to said second tool,
and further comprising changing said display to show a use of said first video tool with
a different parameter file and to show that said intermediate video clip and second
video clip are outdated.

9. The method of claim 8 further comprising repeating said use of said first tool

with said different parameter file to result in an updated intermediate video clip and

14
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repeating use of said second video tool on said updated intermediate video clip to result
in an updated second video clip.

10. The method of claim 2 or 5 further comprising performing a media
management function based upon said displaying of said history.

11. The method of claim 2 or 5 further comprising performing a media
management function based upon said displaying of said history, and wherein said
media management function is a function selected from the list of removing
unnecessary backing media, recreating clip backing media, redigitizing clip backing
media, and cutting, copying and/or pasting clips.

12. The method of claim 5 further compfising creating additional tools and/or
new clips on said history.

13. The method of claim 5 wherein a said tool is an external tool, and further
comprising exporting to said external tool and importing the resulting clip.

14. The method of claim 5 further comprising selecting a clip on said history
and using a tool to modify the located clip.

15. Computer apparatus for modifying video comprising

a processor,

a user input device,

a video editing application,

a clip store that is accessible by said application and stores clips,

a backing media store that is accessible by said application and stores media
specified by said clips,

tools for performing operations on clips, and

parameter files specifying parameters for said tools, each said tool modifying a
clip input to it according to said tool parameters to generate an output clip, said
application recording the sequence of tools and the associated tool parameters used to
modify a first video clip into a second video clip.

16. Computer apparatus for modifying video comprising

a processor,

a user input device,

a video editing application,

a clip store that is accessible by said application and stores clips,

15
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a backing media store that is accessible by said application and stores media

specified by said clips,
said application recording the sequence of operations used to modify a
first video clip, and

a display that shows a history graph of the operations used to modify said first
video clip.

17.  The apparatus of claim 16 further comprising tools and wherein said
display displays operations that include said tools.

18.  The apparatus of claim 16 or 17 wherein said display displays operations
that include pixel manipulations.

19. The apparatus of claim 15 further comprising a display that shows a history
graph of said tools used to modify said first video clip.

20. The apparatus of claim 15 or 19 wherein a said video tool can be used with a
different parameter file.

21. The apparatus of claim 15 or 19 wherein there are first and second said tools
and an intermediate video clip that is generated by said first tool and input to said
second tool, and wherein use of said second video tool is repeated with a different
parameter file.

22. The apparatus of claim 19 wherein there are first and second said tools and
an intermediate video clip that is generated by said first tool and input to said second
tool, and wherein said display is changed to show a use of said first video tool with a
different parameter file and to show that said intermediate video clip and second video
clip are outdated.

23. The apparatus of claim 22 wherein use of said first tool is repeated with said
different parameter file to result in an updated intermediate video clip and use of said
second video tool is repeated on said updated intermediate video clip to result in an
updated second video clip.

24, The apparatus of claim 19 wherein a said tool is an external tool.

25. A method of modifying video comprising

selecting a sequence of one or more tools to be used to modify a first video clip
to create a second video clip that is modified with respect to said first video clip,

displaying a graph of said one or more tools used to modify said first video clip

to create said second video clip, and
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thereafter modifying said first video clip by said one or more tools in sequence.

26. A method of modifying video comprising

selecting a sequence of one or more operations to be used to modify a first
video clip to create a second video clip that is modified with respect to said first video
clip,

displaying a graph of said one or more operations used to modify said first
video clip to create said second video clip, and

thereafter modifying said first video clip by said one or more operations in
sequence,

wherein said selecting includes selecting a control decision to determine which
of a plurality of possible operations will be used to modify said first video clip, and said
displaying includes displaying a control block showing said first clip as an input, and a
plurality of workflow branches as output, each having a said possible operation and a
respective output clip.

27. The method of claim 26 wherein said operations include pixel
manipulations.

28. The method of claim 25 wherein said selecting includes selecting a control
decision to determine which of a plurality of possible tools will be used to modify said
first video clip, and said displaying includes displaying a control block showing said
first clip as an input, and a plurality of workflow branches as output, each having a said
possible tool and a respective output clip.

29. The method of claim 26 or 28 wherein said control decision is based on an
if/then/else decision.

30. The method of claim 26 or 28 wherein said control decision is based on an
a selection control input that indicates a said possible tool and associated workflow

branch.
31. The method of claim 26 or 28 wherein there are a plurality of said first clips

as possible inputs, and said control decision also determines which said first clip is

input, and said displaying includes displaying said plurality of first clip.

17



WO 01/60060

PCT/US01/04264

1/4

PC /4
\
24, \
VTR
/20

FIG. 1 -

30 7
CPU } o
32
< PCI >
l_ 34
/O
40 ¥
BUS V /
MASTER 102
34
N CODEC /.38
COLOR
CORRECTION FIG. 2
| 36[1/0




PCT/US01/04264

WO 01/60060

214

¢ D
|

€ JIWVYN

L INVN

Zs

€ JWVN

1 IWVN




PCT/US01/04264

WO 01/60060

3/4

8Ll

8l

)
oL

dd
WVIDOUd

e
9¢l

SYILINVAEVI
4N

INITAWIL

9cl /

8cl

el

L
dno

SYILIWVIEV
p:-EN

[43%

4 10RO |
dI 30100 | 0%l

SYALINV IV
d3IsN

9zl

idv1L
3Z1L0ld ) Omﬁ=>

N/N— ozl

AY¥O1SIH 1001 F1dWVS

9 "D

¥ "D

80l 901

FIOLS RIOLS
VIAInW dIno

| nNouvoraav |
)




WO 01/60060 PCT/US01/04264

114 414
[

TOOL
110 : 12

Y

PARAMETERS F I G . 5

116

MEDIA TYPE\

— ~
N

150 s 156
154
THAN d -
> TOOL 1 >
N——
C 160
= TOOL 1 -

-G, 7 T158

162
1 166 — 176
> TOOL g
3 l 168 — 178
4 TOOL
5 z170 —~180
I 2 TOOL /
N’
_ 172 182
S=1-5 TOOL ij/
174 184
FIG. 8 rooL |-}




INTERNATIONAL SEARCH REPORT

International application No.

" PCT/US01/04264

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(7) HO4N 5/76
US CL 386/52. 55

B.  FIELDS SEARCHED ’

According to International Patent Classification (IPC) or to both national classification and IPC

U.S. : 386/52. 55; 345/328; 348/97

Minimum documentation searched (classification system followed by classification symbols)

NONE

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

APS

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C.  DOCUMENTS CONSIDERED TO BE RELEVANT

Category *
Y

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 5,982,350 A (HEKMATPOUR et al) 09 November 1999 (09.11.1999), colums 6-8, 1-31
Pigures 2 and 4-5.

Y US 5,404,316 A (KLINLGER et al) 04 April 1995 (04.4.1995), column 16, line 40 to 1-31
column 17, line 52.

Y US 5,874,988 A (GU;) 23 February 1999 (23.2.1999), column 22, lines 8-15. 1,15,16

A US 5,644,674 A (ATHARA et al) 01 July 1997 (01.7.1997), columns 9-10. 1-31

I:I Further documents are listed in the continuation of Box C.

[l

See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to be
of particular relevance

“E"” earlier application or patent published on or after the international filing date

“L”  document which may throw doubts on priority clam(s) or which is cited to
establish the publication date of another citation or other special reason (as
specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

“Xr document of particular relevance; the claimed invention cannot be
considered novel or cannet be considered to involve an inventive step
when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
coasidered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

Washington, D.C. 20231
Facsimile No. (703)305-3230

“P”  document published prior to the international filing date but later than the “&” document member of the same patent family
priority date claimed
Date of the actual completion of the international search Date of maimé oiﬂj ﬁt?-lﬁttﬁal search report
12 April 2001 (12.04.2001) /P
Name and mailing address of the ISA/US Aughdrized glice
Commissioner of Patents and Trademarks
Box PCT T NGUYEN

Telephone No. (703) 305-4700

Form PCT/ISA/210 (second sheet) (July 1998)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

